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L) THE OYUM BEFORE DEVELOPMENT,

plication and extension of the cells which constitute the so-called
tuntea gramelose surrounding the interior, and of the substance of
the follicular wall itself. The ovam is imbedded in a thickened
rortion of the funica granulosa, which since the time of Von Baer
as received the name of discus proligerus, and is thus placed near
the inside of the wall of the follialfe; and when this most projecting
part is fully developed, most frequently at the side next the surface of
the ovary. DBut on this point observers differ, and at an carlier period
especially it appears that the position of the ovum may vary greatly,
and is not unfrequently on the deeper side of the follicle.

The small and almost microscopic body which constitutes the human
ovum, like that of most mammals, which 1t closely resembles, possesses a
very definite structure, which, as already partly explained in the Histology,
is that of an organised animal cell. In this view of its nature, we recog-
nise in it an enclosing cell-membrane or cell-wall, the protoplasmic and
other contents, and among these the nuclens and nucleolus 3 correspond-
ing more or less with parts which have been long familiarly known in
the larger ova of birds and some other animals, under the names of yolk
membrane, yolk or vitellus, germinal vesicle, and germinal spot.

As in all other animal cells, the main part of the cell substance of the
ovum is essentially of the nature of protoplasm, but in the yolk the
simple and homogeneous protoplasm is more or less mixed or associated
with a different kind of substance, viz., the vitelline granules or cor-
puscles, which are not immediately or directly connected with the
formative processes, but yet serve in a secondary or subsidiary way for
the nourishment of the protoplasm and the parts developed out of it.
Hence the distinction in most 1f not in all ova which has been recognised
since it was made by Reichert in 1840 (No. 18), between the germinal
or formative yolk substance and the nutritive or food yolk. It is
mainly on the wide variation in the relative quantity and disposition of
these two components of the ovicell that the great differences depend
which are observable among the ova of different animals,

Different Forms of Ova—The human ovam and that of mammals
belong to a group of ova in which the proportion of food-yolk is very
small, while that of birds, reptiles, and elasmobranch fishes is dis-
tinguished by the very large gquantity of this material, as well as by
the proportionally large size of the whole ovum. In the egg of birds the
yolk (which alone is to be compared to the ovarian ovum of mammals)
consists in great part of large vitelline corpuscles or spheroidal groups of
granules, and the primary seat of embryonic development is limited to
the small whitish spot called cicatricula, about % of an inch in diameter,
which lies close to the pedicle in the ovarian capsule, and in a
newly laid ege on the side of the yolk which naturally floats upper-
most. The germinal vesicle, which is of considerable size, ;%; to
wsth of an inch in diameter, lies embedded in the centre of the
cicatricula so long as the yolk remains within its ovarian capsule, and it
is to this part, composed of comparatively pure protoplasm, that the
first changes connected with embryonic development are restricted.
Thus the centre of the cicatricula n.u({ place of the germinal vesicle have
come to be recognised as the upper or germinal pole of the egg, and to
be distinguished from the opposite lower side of the yolk which may be
termed the antigerminal or nutritive pole. So also it has been customary
to distingnish such ova as those of birds by the term meroblastic, as






734 THE OVUM BEFORE DEVELOPMENT.

be termed, are chiefly spherical in form, and are of the most various R1Ze8,
from the minutest molecules up to the diameter of +J;; or v gth of
an inch., They are different in composition from the clearer protoplasm,
consisting mainly of protagon with fat and some other ingredients.

Fig. 623.—0vuy oP THE CAT: HIGHLY
MAGNIFIED,  SEMI - DIAGRAMMATIC,
(E.A.8.)

2, zona pellucida, showing radiated
stracture ; i, vitellug, round which a
delicate membrane was seen ; gr, germi-
nal vesicle ; gs, germinal spot.

They are enclosed in the substance
of the more homogeneous proto-
lasm. The latter presents in the
iving state all the characters of
this substance, sometimes exhibit-
ing the finely radiated linear or
fibrillar structure which belongs
to its growing condition, and pos-
sessing the amceboid contractile
property which is known to cha-
racterise most of its forms.

Germinal Vesicle.—While the protoplasm and vitelline granules
constitute the main part of the cell-substance of the ovam, the germinal
vesicle is an invariable constituent and forms its nucleus. In the ovum
which has not yet arrived at complete maturity this body has a
spheroidal shape, and consists of a matrix containing nucleoplasm en-
closed in a fine but distinet homogeneons vesicnlar membrane, and is
for the time situated in a clearer part of the yolk protoplasm near
the surface on one side which thus becomes the germinal pole. Its size
in mammals generally is about a fourth part of the diameter of the
ovam, and thevefore in the human ovum it may be about +14th of an
inch in diameter, being actually smaller but proportionally larger than
in bivds. The substance of the germinal vesicle corresponds in all
respects with the usnal contents of growing eell-nuelei, and may there-
fore be deseribed as nucleoplasm. :

Germinal Macula or Spot.—In mammals there is generally one -
principal nucleolus of a regular spherical or lenticular form, and pre-
senting not unfrequently a well-defined outline. This is the macula
germinativa of Rudolf Wagner, now generally recognised as corresponding
to the cell-nueleolus. In mammals, however, as in other animals, the
macula or nucleolus may be subdivided into several, of which one is
usnally larger than the rest ; and in this one we may perceive an internal
division into smaller opaque granules. The nucleolus appears, as in
other cells, to consist mainly of a granular medification of the cellular
nucleoplasm.

Zona Pellucida.—The most obvious enclogsing membrane of the
mammal’s ovum is that already referred to as the zona pellucida,—a
name given to it by Von Baer on account of the appearance which it
presents, in a nearly ripe ovum extracted from a Graafian follicle, of
a clear broad band lying between the opaque yolk substance within and
the granular cells of the proligerous disc which adhere to it externally.
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This vesicular envelope of the ovum is of considerable thickness and

Fig. 624.—MATURE OVARIAN OVUM OF THE
GuINEA-PIG (from Bischoff.) *°
The zona pellucida is hidden by the adherent
cells of the membrana granulosa, which have as-
sumed a pediculated form next its surface. The
finely granular yolk substance fills the cavity of
the zona. The germinal vesicle has disappearel.

of great strength, bursting only under
strong pressure or by the aid of cutting
instruments. Under a moderate magni-
fying power, when freed from the ad-
herent cells of the proligerous dise, it
appears homogeneous ; but when sub-
Jjected to higher magnifyers, such as 500
or 600 diameters, it frequently exhibits
a linear radiation through its thickness, which bears some resem-
blance to the more distinet radiated and porous structure in the
egg covering of osseons fishes, inseets, and some other animals. And
some are of opinion that the of the covering of the mammal’s
ovum are capable of transmitting minute granules or even cells from
the exterior into its cavity ; but it seems probable that such a condition
of the pores is not constant, and that their occasional enlargement, as
observed by Lindgren (No. 65) and Von Sehlen may depend upon
unnatural circumstances (No, 66).

In 1841 Reichert deseribed a second more delicate membrane as immediately
surrounding the yolk substance in the mammal's ovam, and more recently Edw.
Van Beneden (No. 57) has affirmed the existence of such a membrane, and
adheres to this opinion in the account of his latest researches (No. 63). This
membrane he finds to be formed in the mammal’s ovum as it approaches maturity,
and to remain visible for some time after it has left the ovary. F. M. Balfour
(Nos. 32 and 62) is inclined to adopt the same view, while other embryologists
still entertain doubts as to its existence,

In 1840 Barry thought he had discovered in the rabbit's ovam a distinet fora-
men or perforation of the zona pellucida similar to the micropyle of fishes,
insects, and some other animals, and Pflilger and E. V. Beneden for a time
supported this view. But the last observer has from his most recent observations
been led to abandon it, and as many other embryologists have sought in vain for
this aperture, it may now with certainty be considered s absent from the mam-
miferous ovum in the more distinet form described by Barry, although oceasion-
ally, as before stated, minute pores or radiating canals are seen to pierce the
zonal membrane,

The Mammalian ovum was discovered by Von Baer in 1827 (No. 40), The
germinal vesicle, which had been made known in Birds by Purkinje in 1825
(No. 45), was first described in the Mammal's ovum by Coste in 1833 (No, 50, i.),
having also been independently observed by Thomas W. Jones in 1834 (No. &1, i.).
The macula or nncleolus was first pointed out by Rudolph Wagner in 1833
(No. 52, i & ii.). Bee the Bibliography, Nos, 47 to G6.

II. MATURATION OF THE OVUM AND SEPARATION FROM THE OVARY.

1t was long known that at or near the time of the full maturation of
the ovam and its leaving the ovary, both in birds and mammals, the
germinal vesicle, which had gradually approached the surface of the
ovarian ovam in the later stages of its development, finally disap sl
or was lost to'view., It was not certain however that this uﬂuurrr:c{ in an
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animals, nor was it known how the disappearance was to be explained,
and whether any part or how much of the substance of the germinal
vesicle, as was vaguely conjectured, might have vemained to undergo
further changes, to combine with the yolk, or to form the basis of an

Fig. 625,

Fig. 625.—VERTICAL SECTION THROUGH THE GERMINAL DISC OF THE RIPE OVARIAN OVUM
OF THE FOWL, IN IT8 CAPSULE. (From Balfour.)

a, Connective tissue of the ovarian capsule ; 5, its epithelium, close to which is the
vitelline membrane of the ovum ; ¢, granular protoplasm which undergoes segmentation ;
.y, white yolk substance ; &, substance of the germinal vesicle shrivelled up ; y, space
left by this shrinking within the membrane of the vesicle,

embryonic nuclens. Improved modern methods of histological research
have led to the discovery of some of the phenomena of retrogression
of the germinal vesicle and the foundation of the germ of a very
remarkable kind, of which a short account will be given at this place.
Exclusion of the Polar Globules, and Formation of the
Female Pronuclens.—These phenomena of retrogression in the germinal

Figz. 628. Fig. 626.—0vus oF THE RABBIT FROM THE FALLOPIAN
TUBE, TWELVE HOURS AFTER IMPREGNATION, (From
Bischoff, )

In the zona e, spermatozoa are seen : &, two hyaline
globules or polar bodies within the cavity left by the
shrinking of the yolk.

vesicle are intimately connected with another
appearance which since its first discovery
by Dumortier in 1837, and further investi-
eation by I, Miiller in 1848, has been
tamiliar to embryologists in a very wide
range of animals, viz.,, the formation or
extrusion from the yolk at the time of
complete maturation of the so-called polar or directing globules, of
which the relation to the germinal vesicle has only recently received a
more minute investigation, although varions more or less probable sup-
sositions had been from time to time formed as to their nature.

The most precise and satistactory of the recent observations now re-
ferred to have been made chiefly upon the ova of animals comparatively
low in the scale, but we are not without evidence that nearly similar
phenomena oceur also in the higher animals and especially in mammals.
We shall first describe shortly the results of observations made by
Biitschli, Fol, and Hertwig on the ova of some Echinoderms and
Heteropods ; referring the reader to the works quoted at p. 22 of this
volume, and to the very clear account of the phenomena given by Balfour
(No. 32, vol. i, p. 55, and No. 76). )

In the Asterias glacialis, according to Fol, as soon as the ripe ovum 18
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detached from the ovary and placed in sea water, the germinal vesicle,
which was previously of a regular spherical shape and presented the
nuclear reticulum and all the usual characteristics of such structures,
loses its external membrane and its internal reticulum, takes an irregular
outline and undefined structure, and becomes to some extent confounded
with the vitellns. The germinal macula also gradually disappears.
Between the remains of the germinal vesicle and the surface of the yolk
there now appears a nuclear spindle or double cone terminating ex-
ternally in a star-like arrangement of the protoplasm. Soon afterwards
another star appears and the nuclear spindle lies horizontally between

Fig. 627, —STAGES 1X THE PORMATION OF THE POLAR GLOBULES [N THE OVUM 0F A
sTAR-¥IsH (from Hertwig. )
gv, germinal vesicle transformed intoa shaped system of fibres ; ', the first polar
globule becoming extruded from the s of the ovum ; p, polar globules completely
extruded ; fipn, female pronugleus,

the two stars. Oscar Hertwig observed pl?enﬂmemn very nearly similar
in another Echinoderm (Asteracanthion), but it was not determined by
¢ither of these sets of observations, what share, and whether any, the
macula took in the changes which occurred ; but further observations
by Fol on one of the Heteropodes (Pterotrachea) made it certain that
the metamorphosis of the germinal vesicle results in the formation of a
nuclear spindle with the two stars lying near the surface of the ovum,
and that these phenomena, as was wullnﬁmuwu also in other animals, are
quite independent of fecundation.

The next change consists in the spindle assuming a vertical instead of
a horizontal position, and in the subsequent projection of one end or .
star in a pro i¢ Erominunm or knob from the surface of the yolk.
By a constriction which follows in the outer part of this prominence, a
small spherical mass of clear protoplasm constituting the first polar body
or fq{ﬁbu{n is separated and takes it? placc&z E]uaelto tEe original site of the
germinal vesicle in a space now form the shrinking of the yolk
between the surface of that body and the uujciuaing membrane, ’

The process of nuclear division being repeated in the gpindle-ghaped

body, another yolar globule is separated in a manner similar to the first ;
VOL. 11, 3B
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and the irregular remains of the germinal vesicle within the yolk
gradually assume the more regular spherical form and clear appearance
of a nucleus, which sinking more deeply into the yolk now constitutes
the female pronveleus.

1t is probable that similar phenomena oceur in all animals, They
have been observed more or less completely in Petromyzon, the Sturgeon,
Osseous Fishes (Trout), Amphibia, and among Mammals in the Rabbit
and Bat. The following are the principal results of the observations of
Edw. Van Beneden on the latter two animals,

The germinal vesicle of the ovam which approaches maturation flattens
out, and rising to the surface fuses with the superficial part of the yolk
protoplasm in a lenticular form. The germinal spot proceeding to the
surface of this becomes discoid, while the membrane of the germinal
vesicle vanishes or unites with the dise. The plasma of the nuclens
collects into a nucleoplasmic mass, and along with the nuclear disc
remains for a short time within the ovum. Soon afterwards, however,
a polar body is found outside the yolk, composed of two parts, of which
one stains deeply in the same manner as the discoid part of the nucleus,
while the other resembles the nucleoplasmic substance in not staining.
Van Beneden looks npon these parts of the polar body as the ejected
products of the germinal vesicle ; but Balfour considers it more probable
that a part of the germinal vesicle remains in the ovum to form the
female pronneleus.

The shrinking of the yolk coincides with the expulsion of the first
polar body which usually takes place before the rupture of the follicle ;
the second polar globule is more frequently expelled after the ovumn has
entered the tube, and along with its appearance there is a farther shrink-
ing of the yolk; but all these phenomena are quite independent of
fecundation or any influence of the male sperm.

Separation from the Ovary.—It is now well ascertained that the
maturation and the discharge of the ovarian ova and the accompanying
changes to which the Graafian follicles are subject recur periodically
during the breeding period,—in the human female at every successive
menstrual term, and in animals at the times of heat,—and that these
changes take place indeEendEntlj' of the influence of the male or of
impregnation {IBisulmﬂ", No. 67).

In animals, such as the gheep or dog, when the state of heat has lasted some
days, and in the homan female at or near the time of the menstrual flow, the
ovum is discharged by the rupture of the thinner and most projecting part of the
Graafian follicle, The aperture takes place at a spot, the macula or stigma, which
is non-vascular, is small and with irregular or ragged edges, and its formation by
a solution of continuity of the tissne is preceded by increased vasecularity in the
neighbourheod, The ovum in escaping remains imbedded in the cells of the discus
proligerns which adhere closely to it, and it is probably accompanied by parts
of the tunica granulosa and some of the fluid of the follicle, These are pressed
out of the follicle in part by the elastic reaction of the dilated theca, and in
part by the increasing development of new cellular elements in the interior of
the follicle,

By a mechanism which it does not belong to our present view to describe, the
ovum with its accompaniments is received into the wide fimbriated mouth of the
Fallopian tube, and descending in that canal, if not fecundated, gradually dis-
appears or is lost: but if subjected to the fertilizing infinence of the semen,
begins to undergo the changes of development which lead to the formation of

an embryo. :
The Graafian follicle, as already indicated, comes soon to be occupied by the
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body named from its yellow colour corpus lufewm, and it is important to observe
that this takes place in all cases of the rupture of a follicle, whether or not it
has been followed by impregnation. The changes involved in the formation of
this body and its structure have been already described at p. 536 of this volume.

IIT, FECUNDATION OF THE OVULL

The process of fecundation, which will be considered here only in its
relation to the formation of the germ, consists, in its most general
acceptation, essentially in the union of the male and female generative
elements. For the history of the male generative element we refer the
reader to the acconnt given at p. 6498 of this volume,

Introduction of the Spermatozoa into the Ovum.—The fact
of the actual entrance of spermatozoa within the zona or covering of
the mammiferous ovum was first observed by Martin Barry in 15843,
and although his statement was received with considerable hesitation
by his contemporaries, it has since been repeatedly confirmed by the
minute and careful investigation of many observers,

In certain animals the spermatozoa have been seen to enter the cavity
of the ovum by an obvious micropyle aperture, as first observed by
Ransom in fishes (No. 72), and by Meissner and Leuckart in insects ; but
in mammals and other animals in which no such aperture exists, it is
not yet clearly understood in what manner the spermatozoa make their
way throngh the consistent membrane of the ovum,

Changes in the Ovum and Spermatozoa giving rise to a
Male Pronuclens.—In mammalia, although the spermatozoa are
ascertained to pass in nnmbers through the zona, they have not been

Fig. 623,

g
Pig. 628.—FrRTiLIzaTION OF THE OVUM OF AN ECHINODERM {Selenka,)
:n- spermatozoon ; . pr, male pronucleus ; 7.pr, female pronucleus,
- Accession of a spermatozoon to the periphery of the vitellus ; 2. Tts penetration, and

the radial disposition of the vitelline granules ; 3, Transformation of the head of th
. & sper-
matozoon into the male pronucleus ; 4, 5, ]]Ie:lding: of the male and female 11n:n:.urnlue*i“fpE

observed in any case to penetrate or combine with the substance of the

{:;lk. It is extremely probable that such combination does take place

t. we only know of this occurrence by observations made on the lower

animals, which, however, throw so much light on the whole process of

fecundation that it is proper to give an account of them in this place.
dn2
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In this account we shall follow mainly as before the statements of Fol
and Hertwig, together with some others as deseribed in Balfour’s yery
clear aceonunt of this snbject.

In the Asterias glacialis, the female pronuclens, formed simultancously
with the ejection of the polar globules and independently of fecunda-
tion, having retired towards the centre of the ovam, a number of sperma-
tozoa penetrate with active motions the mucilaginous ege covering, with
thn:;il' lmgt;ds dirccted inwards and their tail filaments extending radially
outwards,

In Selenka’s account of these phenomena as illustrated by the accompanying
figures a clear canal-like space remains in the track of the spermatozoon.

One of the Egcl'mﬂtrﬂz{}& more advanced than the rest comes now to be
surrounded and ultimately combined with a prominent part of the yolk
substance, and, the tail remaining motionless and subsequently disap-
pearing, the head, or it may be some other part of the spermatozoon, is
now gathered together into the form of a nucleus, and, sinking to some
depth into the substance of the yolk, becomes surrounded with the
radiated lines known to belong to such structures. It is now, in fact,
converted into the male pronvcleus.

Fusion of the Male and Female Pronuclei, and Production
of the First Segmentation Sphere.—The male pronuclens gradually
approaches the site of the female pronuclens ; and as soon as it comes
in contact with it, the latter, which was previonsly motionless, assumes
a new activity, and the two pronuclei, impelled pnrﬁapa by the amoeboid
movements of the yolk protoplasm which accompany the change, finally
unite or are fused into one. '

The result of this union is the formation of the first embryonic or
seqgmentation sphere, or Blastosphere, which may be recarded as a nucle-
ated protoplasmic cell, containing the products of the male and female
generative nuclei, or some portion of them, combined with the yolk
protoplasm of the ovum,

In mammalia Van Beneden has shown that the first segmentation nucleus owes
its origin to the fusion of two previously existing nuclei which could be no
others than the male and female pronuclei, In Petromyzon. Calberla, Kupffer
and Benecke have demonstrated that a single spermatozoon at first enters the
ovum, and the researches of Bambeke and Hertwig make it extremely probable
that in Amphibia similar phenomena attend the maturation and fecundation of
the ovum, while Osear Hertwig has traced in Echinus lividus the entrance of
the epermatozoon into the ovam and its transformation into the male pronuclens,
Precisely similar phenomena have been ascertained by Salensky to occur in the
sturgeon ; o that there is good reason to believe them to be universal among
bisexual animals. (See Balfour, No. 32 and No. 76.)

Differences in the details of these phenomena may occur in different animals,
more especially according as impregnation may take place before or after the
separation of the polar globules, In the former case, as in Echinus, the male
pronucleus is comparatively small, but in the latter case, as in Hirudinea, Mo!-
luseca, and Nematodes, in which the polar globules are not fully separated till
after impregnation has taken place, the male pronucleus becomes as large as the
female,

It appears further that while one spermatozoon iz probably sufficient for
fecundation in most instances, a greater number may occasionally penetrate the
yolk substance, and Fol states that when this ocours each spermatozoon hae a
distinet pronuclens formed round it, and that several of these may combine with
the female pronucleus,
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Ever since the similar origin of the generative elements of the two sexes has
been ascertained, it has been customary to regard fecundation as consisting
essentially in the union of the male and female generative cells : but we can now
attach a much more definite idea to this view when we know that the act of
fecundation consists in the fusion of a male and female pronuclens, of which one
has sprung from the remains of a primitive ovicell, and the other is the product
of a primitive sperm cell, and that both of these have had their origin in similar
elementary structures of the parent while in the embryo stage of its existence.
(Balfour, No. 32, Balbiani, No, 64, and Bibliogr, Nos, 67 to 76.)

IV. SEGMENTATION OF THE FECUNDATED OVUM, AND FORMATION OF
THE BLASTODERM.

It is a general fact among bisexual animals that within a very short
time after the fertilization of the ovum has been effected by the combina-
tion of the sexual elements, the blastosphere or nucleated mass of pro-
ductive protoplasm which results from the act of union proceeds to
undergo a process of division and multiplication after the manner of
cell cleavage, and by the ordinal repetition of that process for a con-
siderable number of times there is eventually produced a collection of
blastomeres or nucleated cells, out of which the further development
of the embryo subsequently takes place. .o this mass of cells capable
of embryonic development the name of protembryo or primitive embryo
might be applied, but it is the same which has been called germinal
membrane or blastoderm in the higher animals, because of the flattened
or laminar form which the collection of its cells generally presents.

To this process of cell division and multiplication in tlm fecundated

ovum the names of yolk cleavage, or more strictly germ-segmentation
are applied. Though eommon to all the metazoa it presents many and
great variations in the different classes of animals, am{ even among some
allied families. Here we must confine our attention mainly to those
forms in which the phenomena tend to illustrate the process as it occurs
in Mammalia.
_ Different Forms of Segmentation among Animals.—The more
important of these variéties are obviously related to the difference in
the proportion of the nutritive and germinal material in the holo-
blastie, meroblastic, and intermediate forms of ova. In the case of
mammals, the whole mass of the yolk is subject to this change, or is
immediately involved in the Eroctxa of cell division, while in the mero-
blastic ovum of the bird the first cleavage and consequent formation of
a blastoderm is limited to that small portion of the yolk which is termed
the germinal disc or cicatricula, and which is alone the seat of the
earliest phenomena of development. \

This difference constitutes the distinction between fofal and pariial
segmentation, of which we shall have to consider more fully the pheno-
mena, and with regard to which it is only necessary to say further at this
place that there 1s a close inverse relation between the extent of the
segmenting process and the quantity of the nutritive yolk substance
which is associated with the purer protoplasm of the ovum ; and thus
through the amphibia and other animals, besides variations of other
kinds, all possible gradations are to be found in the proportion of the
substance of the ovam which is primarily involved in the cell-forming
process _reauitu:lﬁ from segmentation.

The intermediate form of segmentation which ocenrs in the Amphibia,
as in the frog or newt, is so instructive that it will be proper to introduce
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a short description of it at this place before proceeding with that of
mammals and birds.

Complete and Unequal Segmentation in Amphibia.—In the batrachian
ovum the segmentation may be regarded as total or complete in g0 far that it
extends from the first throughout the whole mass of the yolk, but it may be con-
idered as wnegual in this respeet, that there is in some sort a concentration of
the process towards the germinal pole, where the cells resulting from the yolk
cleavage are smaller and more numerous, while they become gradually larger
and less distinctly separated towards the opposite or nutritive pole—a difference
which is manifestly related to the purer condition of the egg protoplasm in the
neighbourhood of the first, which was the original seat of the germinal vesicle,
and the larger quantity of nutritive yolk accumulated at the lower or anti-
germinal pole. The accompanying diagram copied from Ecker gives a sufficiently
clear view of the successive steps of the process: 1 representing the undivided
condition, 2 the first vertical cleft which divides the whole yolk into two, 4
indicates the stage at which by a second vertical cleft the yolk is now divided
into four segments. In these two first stages the vertical clefts proceed down-
wards from the upper or germinal pole, where they cross each other at right

Fig. 629,

Fig. 620.—U¥NBQUAL SEGMENTATION IN THE RGG OF THE ¥Rroq (from DBalfour after Ecker, )

Ten stages are represented ; the numbers over eertain figures indieate t.h_e number of
segments at each of these stages ; in the intervening figures the fissures are in progress of
formation.

angles, to the lower or nutritive pole. In the next stage, however, m_nrked 8, in
which that number of segments have appeared, the new cleft is _hnrlmr!tal and
parallel to the equator of the sphere. but at some distance above it. This again
is succeeded by radial or meridional clefts which, proceeding gradually from the
germinal pole, divide first the upper and later the lower segments, so as to pro-
duce first twelve and later sixteen segments, as seen in the outline numbered 16.
Two equatorial clefts follow, which have the effect of dividing both the upper
and lower meridional segments, #0 as to produce first 24 n.:n& suh&equﬂl}ti;i' 32
segments ; and by a succession of similar alternating \-?rtwﬂl and horizontal
clefts a greater and greater multiplication takes place, but in such a manner as to
give rise to more numerous and smaller and clozer cells in the upper germinal
and deeply coloured part and fewer and larger and looser cells below.

Up to a certain point the progression is regular, but when the number of
segments lias become considerable the regularity is no lm?ger_perceptxble. A
cavity at the same time appears, the seqmentation cavity, whm}l :I_I:ES between the
smaller cells of the upper and the larger cells of the lower division ; and these
two sets of cells respectively correspond to the upper and lower ]rtyers of the
blastoderm of higher animals, In the Amphibia then the Fegmeniintmn, though
complete, is from the first unequal. (See No. 26, Tab. 23, Explanation.)

Complete and Egual Segmentation of .&.mphinzuﬁ and Pﬂtrum_s'sfm.—
Segmentation which is at once complete and equal oceurs in many of the inverte-
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brate animals, but among the vertebrates or animals allied to them the only
examples are those of Amphioxus and Petromyzon. In the case of Amphioxus
after the snccessive reduplication of the yolk-spheres has proceeded to such an
extent as to divide the whole into smaller nniform nucleated cells, these cells are
found to have arranged themselves as a layer on the surface, while the interior is
occupied by fluid, constituting thus a cellular vesicle with a segmentation cavity
within ; and the first change which succeeds to this stage consists in the doubling
in or invagination of one side of the cellular wall 50 as to give rise to a secondary
eavity communicating with the exterior, while the two sides approach one
another so as gradually to narrow and at last obliterate the original cavity which
lay between them, The part which remains outside forms the external layer or
ectoderm, and that which is doubled in is the internal layer or entoderm. The
protembryo or blastoderm thus assumes the form of the bilaminar gestrala of
Haeckel, communicating with the exterior by the now narrowed aperture called
blastopore, and representing in fact the simplest form of an alimentary cavity.

Complete Segmentation in Mammals.—The Mammals come
next to the Amphioxus in the mmg};&tﬂnﬁﬂﬂ and regularity of the seg-
mentation, but they differ from it both in the early distinetion of the
upper and lower blastodermic ecells and in the absence of any obvious
invagination of the vesicular blastoderm.

The segmentation of the mammiferons ovum had been seen by Martin
Barry, but its general features were first clearly demonstrated by the im-
portant researches of Bischoff. In more recent times mnchll'ight. has

_Fig, 080, —F1ust STAGES 0F SEGMENTATION OF A MAMMALIAN OVOM * BEMI-DIAGRAMMATIC,
(Drawn by A. T. after Edwd. v. Beneden's description.)

_ =, zona pellucida ; p.gl, polar globules ; ecf, ectomere ; ent, entomere ; a, division
into two hln#h?nmru : b, stage of four blastomeres ; ¢, eight blastomeres, the ectomeres
Ilﬂ-!‘_i-lﬂl;' enclosing the entomeres ; d. s, succeeding stages of segmentation showing the more
rapid division of the ectomeres and the enclosure of the entomeres by them,

been’thrown upon the nature of this process by the interesting researches
of Edwd. Van Beneden (No. 74) and others. From the observations
of Van Beneden it appears that in the ovum of the rabbit within one or
two hours after the union of the male and female pronuclei the Process
of division of* the nucleus and the primary segment sphere commences.
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This, as well as all the subsequent divisions which oceur, is accompanied
by the vsual phenomena of spindle modification of the nucleus and radial
striation of the surrounding yolk protoplasm. The whole process of
segmentation is accomplished in the mbﬁit within from 70 to 75 hours
after fecundation, by which time the ova have passed through the Fal-
lopian tubes and are entering the cavity of the uterns.

The principal phenomena as deseribed by Van Beneden are as follows.
First a complete division of the whole yolk into two spheroidal or ovoid
masses takes place, the cleft seemin%‘]tn depart from the place eviously
oceupied by the polar or directing bodies. Each of these spheroids is
next divided in a similar manner with the first into two, so that four
result, and in a third stage the division of the four spheres brings the

Fig. 631,

Fig. 631.—SEcTIONS OF THE OVUM OF
THE RABBIT DURIXG THE LATER
STAGES OF EBEGMERTATION, SHUWING
THE FORMATIOR OF THE BLASTODERMIO
vesicLE (B. v. Beneden).

@, Section showing the enclosure of
entomeres by ectomeres except at one
spot—the blastopore ; §, more advanced
stage in which fluid is beginning to ac-
cumulate between the entomeres and ecto-
meres, the former completely enclosed ;
¢, the flaid has mneh increased, so that a
large space separates entomeres from
ectomeres except at one part ; o, blasto-
dermic vesicle, its wall formed of a layer
of ectodermic cells, with a patch of
entomeres adhering to it at one part ;
.0, ecl., ent., as before,

number up to eight. It is to be remarked however that the size of the
two spheres resulting from the first cleavage is not equal, but the one
which we shall call the upper is the largest, and it is also somewhat
differently affected by reagents from the lower one ; and Van Beneden
has suggested the view that this difference is already an indication of a
distinction hetween the cells of the upper and lower layers of the
blastoderm (Nos. 74 and 75).

When the division has reached the third stage and eight spheres are
formed, these are found to have arranged themselves in such a manner
that the four lower cells become more closely gathered together by one
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of them taking a central position with reference to the rest, and the four
upper cells at the same time show a tendency to surround and enclose
the lower, which at a later period their suecessors do more completely.

A difference in the rate of division of the upper and lower group of
spheres now becomes apparent, that of the u being somewhat in
advance of the lower ; and thus in the f 8 while the cells
of the lower group remain only four in number, the upper have divided
and amount to eight. The division of the lower group then brings
their number to eight and the whole yolk consists of sixteen spheres,

There is now found also to be a change in the relative size of the
upper and lower groups of spheres, the latter having now become the
Mﬁ' and fewer, and also the more opaque and granular in their b

e u spheres at the same time show more and more tendency

to spread over the surface of the lower group which are gathered to-

ther in a ball, and thus to surround and enclose them, This enclosure,

owever, is not complete till the tenth stage, when the whole number

of spheres, or cells as they may now be called, is 96, of which 64 are
those of the surface, and 32 oceupy the interior.

There is a time however during which the external layer of cells,
though covering the mass of inner ones, does not completely close them
in, but leaves one or more of them visible by an aperture which has been
mmgmeﬂ by Van Beneden, but according to some on insufficient grounds,
to the blastopore or aperture of invagination in the lower animals. This
aperture is soon effaced by the union of the external cells over it, and in
this stage, which may be regarded as the completion of the segmentation,
the ovum is covered externally by an entire layer of nucleated and some-
what prismatic cells, while mterior is occupied by a solid mass of
cells of a different character. Thus the whole segmented ovum, which
18 still only slightly increased in size, is converted into a hollow cellular
Sphere to which at a later period the name of blastodermic vesicle is
given.

Hmmﬂm“ﬂ The process of segmentation as it occurs in meso-
I contrasts widely in its more apparent phenomena with that pre-
viously described, and yet, considered ns one of protoplasmic cell-divigion, and

Fig. 632,

- B c
Fig. 632.—Svnrice vigws OF THREE EARLY STAGES OF SEGMENTATION IN THE FOWL'S £0G.
3 (From Balfour after Coste).
W ﬁm of ﬂlﬂ Pﬁmrr furrow - B, first Rli].iﬂ.l fﬂm"ﬂ . l}ﬂ'l Rjﬂ_m i p .
the first circular ; «, edge of the germinal dise ; 5, primary aad vertics urrows with
.7 germinal disc ; b, primary and vertical f :
central, and d, larger peripheral segments, y Primary ¢ urrows ; ¢, smaller
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viewed in the light of the relations of its germinal and nutritive yolk substance to
each other in the ovum, the phenomena may be regarded as fundamentally
similar. In the egg c:-:.l.' the bird, as in the common fowl, the primary segmenta-
tion of the germ is limited to the cicatricula or germinal dise, and this process
1s accomplished during the descent of the yolk or ovarian ovam through the
oviduct, and particularly in its lower part, while at the same time the egy is

Fig. 633. Fig. 633. —Bunrace vIEW oF THE
GERMINAL DISC OF THE FOWL'S
EGG IN & LATER STAGE OF SEG-
MENTATION (from Balfour.)

¢, small central segmentation

gpheres ; 5, larger segments out-
silde these; a, large, imperfectly
circumscribed, marginal segments ;
¢, margin of the germinal dise,

being enclosed in its accessory
constituents of albumen, mem-
brane, and shell derived from
secretion previous to its being
laid. ‘This descent usually
occupies in the common fowl
from 16 to 24 hours or not much
longer period, and the process
of segmentation is therefore a
comparatively rapid one,

The more obvious phenomena attending this process, as observed by Coste
(No. 22,iii,) and Kolliker (No. 28 i, p. 70), consist in the occurrence, first of a groove
or cleft across the cicatricula in a determinate direction, which appears to be at
right angles to the long axis of the whole egg. This is soon followed by another
groove, which crosses the first nearly at right angles or intersects it at opposite
gides in two separate places, In a third stage the four segments of the germinal

Fig. 034.

. j:’ oy Il:‘.- -]

i +— VERTICAL SECTION (7 : i ; 2 o
Fig, 634,— VERTICAL SECTION THROUGH MORE THAN A HALF OF THE GERMINAL DISC OF
A FOWL IN THE LATER STAGES OF SEGMENTATION (from Balfour.)

¢, indicates the middle of the germinal dise ; @, one of the larger peripheral segments
b, larger cells in the deeper part of the blastoderm ; ¢, edge of the blastoderm adjoining
the white yolk (1) ; most of the cells contain nuclei.

dise which were separated by the two first grooves, ave again divided by new
grooves, each of which, like the first, has a radial disposition, so that eight
segments now result. But in a fourth stage the segmenting groove takes a cir-
cular or coneentric direction, and is such as to ent off a small portion at the
upper angle of each of the eight radial segments close to the centre. Sixteen
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segments are thus formed, and subsequently, by a less regular alternating
enocession of radial and concentric division the whole disc comes to be divided
into smaller portions, within each of which, as appears in the end, a nuecleus is
formed, and which therefore have the value of true protoplasmic cells. They
are in fact the precursors of the formative cells of the blastoderm. It appears
further that the cells which thus result from the segmenting process are
arranged in two layers, an upper consisting mainly of one range of cells which
are clearer and with more defined outlines, and a lower set of cells, which are
somewhat larger, more opaque and granular in their aspect and more loosely
and irregularly disposed. These layers are separated from the yolk below by a
cavity which may be called the segmentation cavity, and they correspond with
the primitive layers of the blastoderm.

The nature of the meroblastic form of segmentation now deseribed was first
clearly understood from the observations of Killiker on Cephalopoda in 1844 ;
and the phenomena have since been investigated in reptiles, cartilaginons fishes,
and other animals,

In the Teleostei or osseous fishes the segmentation is also partial, but with a
nearer approach to the unequal cleavage of the Amphibia,

II. DEVELOPMENT OF THE OVUM IN GENERAL.
I. THE BLASTODERM.

From the preceding account of the segmentation of the ovum it ap-
that in the amniotic vertebrates the general result of that process is
the formation of a flattened or membranous plate or layer of organised
cells ; and the further observation of the progress of development of the
ovum shows that the whole of the genetic changes to which the parts of
the future embryo owe their origin take place within, or in close connec-
tion with the cellular elements of this plate or membrane. Tt is essentially
therefore the germinal part of the ege, and in the digcoid form which it
presents in birds was appropriately named by Pander germinal membrane
(Keimhaut) or Blastoderma, and this name is equally applied to the vesi-
cular form which it presents in mammals and some other animals,

In the sauropsida, and to some extent also in the mammalia, the
blastoderm, on the completion of the primary segmentation, does not
consist of one layer of ‘cells only, but shows a tendency to division into
two layers or two sets of cells, of which the external are generally
the more advanced in their state of development. From their relative
position these layers may be diutingniﬂhclf as the upper and lower,
or outer and inner, primary layers of the blastoderm. Between
these two layers, as they become more differentiated, at a subsequent
but still very early stage of blastodermic development a third or middle
layer makes its appearance, producing thus a trilaminar structure,
As the result of all modern embryological research has shown that the
first origin and formation of the several systems, organs, and textures of
the embryo stand in definite relations to the several layers before men-
tioned or their derivatives, it will be apparent that the history of em-
bryomic development, more especially in its earlier stages, is in a great
measure the narrative of the organogenetic changes occurring in the
upper, middle, and lower layers or cellular strata of the blastoderm.

1. Preliminary Notice of some of the Fundamental Phenomena
of Development.—Before proceeding to consider the somewhat intri-
cate and still imperfectly understood subject of the nature and origin of
the blastodermic layers, and their relation to the phenomena of develop-
ment, 1t may assist in some degree the L'UIII]II'[iII:]]HiuI! of what is to
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follow if we state here as briefly as possible the nature of the earliest steps
in the development of the ovum and first appearance of the rudiments of
the embryo. In this statement reference will be made chiefly to the
phenomena as they occur in the bird’s egg, while at the same time it
may be mentioned that they are esacutiall;%]m game in the other Amniota.
Under the influence of the heat of incubation in the fowl’s egg, the
germinal disc expands at its periphery and as a whole; the outer
gu‘l;, becoming thicker by the accumulation of formative elements
erived from the yolk, constitutes the opagque area, and the central
ﬁart., remaining much thinner, forms the transparent area. The upper
yer of the blastoderm extends over the whole of this dise; the lower
layer in its primary condition reaches only as far as the inner margin
of the opaque area, becoming there continuous with the formative
substance of the yolk in the thickened part which is named the
germinal wall.  After a few hours of incubation the transparent area,
from being at first nearly circular, hecomes oval and then pyriform ;

Fig. 6335,

Fig. (G35, —TRANSPARENT AREA OF THE BLASTODERM OF A CHICK AT A VERY EARLY PERIOD,
SHOWING THE COMMENCEMEXT OF THE PRIMITIVE STREAK. (From Balfour.)

pr.s, primitive streak ; a.p, area pellucida ; a.op, area opaca.
Fig. 636.—PyRIronM TRANSPARENT AREA OF THE CHICK'S BLASTODERM WITH THE PRIMITIVE
6roovE. (From Balfour.)

pr, primitive streak and groove; af, amniotic fold commencing ; the darker shading
round the primitive streak indicates the extension of mesoblast.

and on that side of the oval which afterwards becomes the narrow end
of the pyriform space, and therefore near the margin, a sickle-shaped
opacity appears (Kupfler, No. 113), which is gradually prolonged
into the middle of the area and even beyond it, and as the marginal
widening contracts, the whole takes the appearance of a strap-like
thickening of nearly uniform diameter throughout. This is the primi-
five streal: or trace, which is the first indication of the lineaments
of the future embryo. A groove very soon appears in the upper
surface of the streak, the primitive groove, in which we shall afterwards
have to notice certain depressions or perforations. of the blastoderm
which are of great embryological interest, About the sixteenth hour
there is formed in the wider forepart of the transparent area a consider-
able thickening of the upper layer, which is soon divided by a median
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ove into two ridges, extending backwards so as to enclose partially
tgl-:g front of the rinﬁ?w streak ; they unite or run into one at the fore-
part. These ridges and the thickened plates within them are the dorsal
ridges and medullary plates which form the commencement of the brain
and spinal marrow or cerebro-spinal axis of the embryo. It will after-
wards be shown that the primitive streak and groove are comparatively
evanescent and unimportant stroctures as regards the organs of the

future embryo. = o _
The dorsal ridges and medullary plates, continuing to grow steadily.

extend themselves from before backwards, go as to encroach more and

Fig, 637. — BURFACE VIEW Fig. 637.
ANT DIAGRAMMATIO SECTION
SINOWING THE RELATION OF
THE PRIMITIVE STREAE AXD
BLASTODERM TO TIE YULK
I¥ A FOWL'S Ena AFTER
TWELVYE HoURs oF Imcu-
Barion.  (A. T.)

A, surface view, natural
size ; op, opaque area; fr,
transparent area, pyriform,
and showing the primitive
streak in ite narrower portion ;
4, haloes of the yolk sur-
rounding the germinal disc;
B, section across the dise, and
a part of the yolk in the re-
gion of the primitive streak,
magnified about ten dia-
meters; vm, vitelline mem-

brane indieated by a dotted 1 Fp & ar

lino; e, the epiblast in the _,,,__,,..{/_?L i

region of the primitive streak, It T o A el
showing the depression in the - -ﬁ“r"“g’f.: S I G e N e A e

. 1 ﬁ' " :H-.d“- i '-l:-l o o o '.': 'J.‘.:‘T:'-"F r:".-._.\:.-‘"
middle of the upper surfacs 3 fﬁ‘:-'._-:.qd.;a?f;.i.._.,IJ_.::*.L;} iy JU}')%;J"’ o A
. aew pad U TR O E};\;}"jh. B RN o o jg W
formed by the primitive 2 0 B 3‘8 PO ’{*:_—-‘,{J‘p A0 20393
groove : m, the mesolilnst "I"'Gg‘."-:' Dﬂ% oo Gl Al it nﬂg:‘
beginning to be formed, and ‘516"3" o0
spreading outwards from the

epiblast at the primitive stieak ; &, the hypoblast, extending across below amd passing

at the sides into the germinal wall of the yolk, gw ; 1, the white ; and ¥, the yellow or
granular yolk substance,

more upon the primitive streak, which they, along with the meso-
blastic columns on either side of them, partly extrude and partly
enclose ; and the ridges, rising and approaching one another, unite
together along the dorsal line, first at a limited space and then more
completely till at last they form a closed medullary tube, wider anteriorly
i 1ts cephalic part, the whole thus giving rise to the primitive form of
the brain and gpinal marrow.,

Below the medullary tube there is formed about the same time the
cellular column named ehorda dorsalis or notochord, which occupies the
place of the centres of the future bodies of the vertebre and basis of the
cranium, and by a somewhat later process the rudiments of the vertebra
themselves in their centra or bodies, which enclose the notochord, and
their neural arches which surround the medullary canal, together with

the muscular plates, which are the sonrce of the voluntary muscles, come
to be developed from the middle layer,
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The formation of blood-vessels and blood an ' 7
lopment of the heart follow in another part of t%i:]}:;é?iﬁgﬂﬁ? [;Es[(l:c!:ls:
what later stage there take place the inflection and other changes of the
whole blastodermic layers which mould the body of the embryo into a
semblance of its later form, give the distinction of head trunk, and lim]}.?:
and lay the foundation of the alimentary canal, its a-::mmimnyin’g glauﬁulm:

Fig. 638, Fig. 639,

e

Fig, 638.—SURFACE VIEW OF THE TRANSPARENT AREA OF A BLASTODERM oF 18 Hovns,
BOMEWHAT DIAGRAMMATIC (from Dalfour, )

pry-primitive groove, closed in front by the coalescence of the two lateral ridges ;
e, medullary groove, having on each side the medullary folds or ridges A, which also
meet in front to enclose the groove, but diverge behind so asto enclose the primitive

streak ; in front the fold of the amnion is commeneing.

Fig. 630.—AREA PELLUCIDA AND RUDIMENTS OF THE EMBRYO-CHICK OF THE SECOND
vay, 4§ (From Kolliker.)

pr, primitive streak and groove ; Kw, dorsal or medullary ridges meeting in front ; Rf,
medullary groove near its middle ; sfz, axial zone ; Pz, parietal zone ; P2, two vertebral
somites ; O/, notochord ; FIf, cephalic fold ; v, anterior intestinal fold shining through ;

v.Af, anterior or amniotic fold ; Ap, area pellucida,

and other organs, together with the extra-embryonic structures, snch as
the amnion, yolk-sack and allantois, constituting the coverings of the
embryo and membranes of the developed ovum.

2, Relation of the Layers of the Blastoderm to the Develop-
ment of Different Systems and Organs.—In this complex develop-
mental process, according to the views of Remak, with such slight
modification as is necessary to bring them into conformity with the results
of more recent discovery, the upper layer of the blastoderm, which we
name epiblast (or newro-epidermal), is the exclusive source of the organs of
the nervous system, central and peripheral, with the organs of sense, the



RELATION OF BLASTODERM TO DEVELOI'MENT. Tol

enticular covering of the body and lining of the mouth, together with its
accessory glands and other parts. The lower layer or hypoblast (the
epithelio-glandular) gives rise to the epithelial lining of the alimentary
canal and air-passages, the principal gland-ducts and the cellular ele-
ments of the glands.

Fig. 640,—DoRSAL VIEW 0F A BLASTODERM AXND EM- Riv. B0,
BRAYD CHICKE HAVIXG FIVE MESOBLASTIO S0OMITE
(from Balfuurj.
a.pr, anterior part of the primitive streak ; p.pr,

posterior part ; the medullary ridges have come to-

gether in the greater part of their extent, but have

Tt _'-'L'I-llllih"l: the eandal swellings are visible on

each side of o.pv.

The mesoblast undergoes subdivision and
has a much more complex destination. Dy
its inner colnmn it forms the matrix of the
eranio-vertebral skeleton and the associated
voluntary museles. By the upper plate of
ite lateral part (Somalic or parwlal Meso-
blast) it gives rise, in association with the
epiblast, to the osseous, fibrous, muscular,
and tegumentary snbstance of the body-
wall and limbs ; while its lower plate (visceral mesoblasf), separated
from the upper by the body-cavity, supplics the formative material
for the fibrous and muscular wall of the alimentary canal, the lymph and
blood-vascular system, and the nrinary and generative organs.

The two divisions or plates of the mesoblast now referred to (parietal
and visceral mesoblast) in extending themselves peripherally in the

Fig. 641, — TRAXSYERSE SECTION THROUGH THR
EMUEYO-CHIVE REFORE AND BS0ME TIME AFTER
THE CLOSURE OF THE MEDULLARY CANAL, TO
SHOW THE UFWARD AND DOWXWARD INFLECTIONS
OF THE BLASTODERM (after Remak).

A. At the end of the first day. 1, notochord;
2, medullary canal ; 3, edge of the dorsal lamina :
4, epiblast ; 5, mesoblast divided into upper and
lower plates : 6, hypoblast ; 7, section of proto-
vertebral =omite.

. On the third day in the lumbar region. 1,
mnotochord in its sheath ; 2, madullary canal now
closed im: 3, section of the medullary snbstance
of the F‘|Fi.tt!'i| chorl = 4, cuticular ]:t:‘i'rul‘mlihl;irﬂ -
o, somatic mesoblast ; §', visceral mesoblast {(one
figure is placed in the body cavity); 6, hypoblast
layer in the intestine and spreading over the
yolk; 4 x5, somatic wall going to form the
amnion ; ', 6, visceral wall passing into the

yolk-sack.

embryo and ovum, are more or less associated with the upper and lower
layers, the upper with the epiblast, the lower with the hypoblast, so as
to form two composite sheets of the blastoderm, the upper of which we shall
name the parielal or somatic wall, and the lower the visceral or splanchnie
wall (the Somatopleure and Splanchnoplenre of Foster and Balfour,
No. 30). Of these the upper gives rise by its inflection to the amnion



752 THE FECUNDATED OVUM.

ar profper embryonic covering, which is continuous with the abdominal
wall of the embryo at the mmbilicus ; while the lower sheet forms in its
extension the greater part of two other membranes which are in direct
continuity with the wall of the alimentary canal, viz., the yolk-sack and
the allantois, all of which will be deseribed later.

It requires to be noticed however that the foregoing account, though
true of the great majority of mammalia, does not apply tothem all. %[;
has been long known, according to the discovery of Bischoff (No. 21,iv.),
that in the guinea-pig the order of the position of the blastodermie
layers is inverted in such a manner as to place the epiblast internally
and the hypoblast externally, with a corresponding difference in the
relative position of the parts developed from the several layers : and it
has been recently shown by A. Fraser that a similar inversion of the
layers exists in the rat and mouse. (Brit. Assoc. Aug. 1882.)

The existence of several laminm in the germinal substratum was first sng-
gested by C. F. Wolff in his celebrated work Theorin Generationis, published in
1759, and in his later Memoir on the Development of the Intestine first published
in 1767 and republished in German by J. F. Meckel in 1812, It is, however,
to the more exact researches of Pander, conducted under the direction of Dil-
linger of Wiirzburg, and published in 1817, and the modifications of them by Von
Baer (1826-1837), that we owe the first consistent attempt to connect the de-
velopment of the several organs and systems of the embryo with the different con-
stituent parts or layers of the blastoderm. Pander recognised a trilaminar
structure of the blastoderm and distinguished the three layers composing it, in
their order from above downwards, or from without inwards in the egg, as the
sevons, vascwlar, and mueows layers (see Nos. 9, 10 and 12).

In 1850-54 a further important advance was made in the knowledge of the con-
gtitution of the blastodermic layers, by the discovery by Remak (No. 25) that the
greater part of the middle layer soon after its formation comes to be divided into
two laming, and separated by a space which corresponds to the perivisceral
cavity—a fact which had been partially foreseen by Von Baer. So marked a
division of the middle layer and distinction of the parts which are afterwards
developed from its two lamine, might seem almost to warrant the recognition of
four distinet layers in the blastoderm ; but it will be found on the whole more
convenient to consider the fundamental layers as only three, to which, following
the nomenclature of Foster and Balfour, we shall henceforth apply the designa-
tions of epiblast, mesoblast, and hypoblast, terms which are synonymous with
those of ectoderm, mesoderm, and entoderm, employed by many authors, °

3. Origin and Constitution of the Blastodermic Layers.——
Returning now to the consideration of the constitution of the h]ustm]epn,
we shall find some difference of opinion prevailing among embryologists
on this snbject, and more especially as to the mode of origin of the
middle layer. We cannot enter into a full discussion of this question
here, but we shall endeavour to present a very brief view of the results
of the most recent researches regarding it. .

In the class of birds, as already noticed, the discoid blastoderm
presents from the first, or from a very early period of incubation, a
bilaminar arrangement of its cells, and there is no difficulty in identify-
ing the greater part of the upper and more advanced layer with that
which is afterwards known as epiblast. The lower layer consists ab first
of larger, more scattered and loose granular cells, but these or a part of
them soon assume the more definite form of a distinet layer of flattened
cells oceupying the lowest place and therefore corresponding, according
to most embryologists, to that which is later known as ]l}'&lﬂhlﬂﬁt. As
yet there is no appearance of mesoblast or middle layer; but between
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the eighth and twelfth hour of incubation in the fowl's egg, during
which time the primitive streak has been formed, the blastoderm under-
Toes mnnid&mhle change in connection with the development of the
middle layer. The primitive streak consists in fact of a linear or strap-like

Fig. 642,

Fig. 642.—Microscoric VIEW OF A VERTICAL SECTION THROUGH HALF THE BLASTODERM
OF A NEWLY-LAID B3G, (From Stricker.) =

8, upper layer of small nucleated cells ; D, lower layer of larzer granular cells ; M, seg-
. ment spherules lying in the subgerminal cavity ; A, substance of the white volk below the

=erm.

mass of cells, formed by direct proliferation from the lower cells of the
epiblast, and continuing to adhere to that layer along the whole length
of the streak. This is the axial plate of His and Kolliker, and, as first
shown by the latter observer, is undoubtedly the commencement of a
middle layer developed in connection with the epiblast.

At this time, that is, after the formation of the primitive streak and
previous to the appearance of the medullary plates and chorda dorsalis,
the blastoderm in the forepart of the germinal area, both of birds and
mammals, consists of only two layers, and it is not till some time later
that the mesoblast which gives rise to the protovertebral plates is found
to have extended itself into this region,

Fig. 643,
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Fig. 643.—TaA%svERSE SECTION THROUGH THE FRONT ESD OF THE FRIMITIVE STHEAK AND
BLASTODERM OF THR cHIcK. (From Balfour. ) :

pr, primitive groove ; m, mesoblast ; ep, epiblast ; hy, hypoblast,

With regard to the much debated question of the mode of origin and
extension of the mesoblast two different views mainly prevail among the
embryologists who have most recently investigated the subject ; according
to one of which, maintained by Kolliker (Nos. 28 and 99), Braun (No. 11¢ )

and others, the mesoblast is entirely derived from the axial plate of the
YoL. IL o o



T4 RELATION OF BLASTODERM TO DEVELOPMENT.

eﬁrhluat before referred to, and spreads from that sonrce outwards into all
the other parts of the embryo or ovum where it afterwards forms the
foundution of new parts. According to the other view, held by Balfour
(Nos. 32 and 96), His (No. 111) and others, while it is admitted that the
mesoblast has the axial origin from epiblast before mentioned, it is main-
tained that there ave probably two other sonrces from which it proceeds,
viz., from the primary lower layer in the greater part of its extent, and
from nuclei of the germinal wall of the yolk at its periphery, r

Fig, 644,

Fig. (44.—LsXGITUDINAL SECTION OF THE BLASTODERM OF THE CHICK THROUGH THE
PRIMITIVE STREAK AND THE PART I¥ FRONT oF IT (from Balfour).

pr.s, primitive streak ; ep, epiblast ; Ay, hypoblast in front of the primitive streak ;
n, nuclei in the yolk wall ; gk, yolk,

In a recent revision of the whole evidence on this question as applied to birds,
Balfour and Deighton (No. 108), founding their opinion upon new and very careful
observations made by them on the common fowl and duck, state that after the
lateral expansion of the layer of mesoblast formed in connection with the axial plate
there takes place both in the region of the primitive strenk and in the fore part of
the germinal area a rapid proliferation of cells presenting a stellate character, and
connected below with the upper surface of the lower layer over the whole extent
of the transparent aren. These cells are at first separnte from the lateral parts
of the axianl mesoblastic plate, but below the primitive streak they are so inti-
mately united with both epiblast and hypoblast as to render all three layers
continuous in that situation, Balfour and Deighton therefore, while admitting
with Kélliker the origin of a main sheet of mesoblast from the axial primitive
streak plate, are inclined to differ from him so far as to attribute the origin of
the lateral mesoblastic plates which form the mesoblastic somites in the region of
the embryo to the differentiation of hypoblastic or lower layer cells, which
however they allow are continuous with the wing-like or lateral extensions of
the primitive streak or axinl mesoblast. These authors further believe that a
third set of mesoblastic elements may be derived from the peripheral portion of
the blastoderm, viz., from the nuclei and cells of the germinal wall, from which
elements the primitive blood and blood-vessels of the vascular area originate.

The latter view is one which has long been advocated by various embryologists,
more especially by His (No. 20 and No. 111, i. and ii.), who in 1568 described the
origin of the vascular as well as the connective tissues as taking placein the lower
layer, and forming a special part of the mesoblastic elements under the name of
parablastic, Similar views as regards the origin of the blood and vessels from
peripheral blastodermic elements were brought forward by Peremeschko and
maintained by Stricker and others of the Vienna school (Nos. 91 and 93).

In mammals the vesicular form of blastoderm, which results from the
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holoblastic segmentation of the ovum, seems to determine some modifi-
cation in the mode of formation of the layers. As already stated, the
completion of the primary segmentation leads to the covering in of the
whole ovom with a layer of flattened nucleated cells, within which,

Fig. 645. Fig. 618,

Fig. 645.—EMBRYONIC AREA FROM THEZ OYUM OF A RABBIT OF SEVEN DAYS. %, (From
Killiker.)
prr, first rudiment of the primitive streak.

Fig. 646, —Exurro¥ic AKEA FROX THE OVUM OF A RABRIT oF EIGAT pAYS. % (From
Killiker.)

aryg, border of the embryonic area ; pr, primitive streak with groove,

besides the fluid remains of the original yolk-substance, there is the
1nner mass of granular cells or segmental spheres, which by their further
development and extension come to produce one or more deep or internal
layers, which gradually spreading over the interior give a bilaminar or
trilaminar structure to an increasing area of the blastoderm.

Fig. 647.

Fig. 647.—Exnryonte AREA, WITH OUTLINE OF PART OF THE VASCULAR ARRA, FRONM A
RABBIT'S OVUM oF SEVEN DAYS %, (From Killiker.)
00, vascular ares ; ag, embryonic area ; pr, primitive streak and groove ; 7f, medullary

It is in the central of the blastoderm, at the fifth dav i
rabbit, and wheq tha m layer has advanced over about haf ’1)1} :ﬁ:
wnterior, that a. diseoid thickening or opacity occurs which gives rise to

d3c2
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the embryonal area (lache embryonnaire of Coste) ; and it is now ascer-
tained by the observations of Hensen, Kolliker and others, that the first
appearance of the primitive streak and its groove and the commencement
of the medullary canal and vertebral rudiments take place in a manner
essentially the same as in birds. Dut the same or even a greater degree
of doubt exists in mammals as in birds as to the mode of origin of the
mesoblast, and there arises also in them the further question, viz., in
how far the external vesicular layer of cells corresponds precisely to the
later epiblast, as was for some time generally believed to be the case, or
whether the deeper or internal layer of cells may also contribute to the
formation of that layer,

Fig. G48. Fig. 648.—Eumnyo oF THE DoG SEEN FROM ABOVE, WITH
A PORTION OF THE BLASTODERM ATTACHED,

The medullary canal is not yet closed, but shows the
dilatation at the cephalic extremity with a partial division
into the three primary cerchral vesicles; the posterior ex-
tremity shows a rhomboidal enlargement. The cephalic
fold crosses below the middle cerebral vesicle. Bix pri-
mordial vertebral divisions are visible; s0, the upper
divigion of the blastoderm ; sp, the lower division, where
they have been cut away from the peripheral parts.

Some part of the difficulty now wmentioned has
arisen from the observations of A, Rauber (No. 101),
who in 1575 detected the presence, in addition to two
other layers of the blastoderm in the rabbit, of a thin
layer of flat cells elosely adherent to the outer surface,
which he found to have only a temporary existence,
and gradually to disappear in the course of the de-
velopment of the other layers. Lieberkiihn a few
vears later (No. 104) ehowed that the outer layer of
flat cells described by Rauber, which form the whole
of the outer covering of the blastodermic wvesicle
regulting from the primary segmentation, is not the
principal jgource of the permanent epiblast, but that that layer as well as the
hypoblast or lower layer are the product of differentiation of the cells which
form the internal mass of segmentation spheres or * yolk-rest.”

Fig. 649,

[ Caes
&hﬁzﬁr

=0

ey T e
e

Fig. 649.—Two TRANSYERSE SECTIONS THROUGH THE EMBRYONIC AREA OF THE LABBIT
oF SEVEN DAYs, (From DBalfour.)

A, throngh“the snterior part of the embryonic area for abont half its breadth; B,
through the postecior part of the primitive streak ; ¢p, epiblast ; Ay, hypoblast. .

Killiker, who was led by earlier observations on the blastodermic vesicle of
the rabbit to coincide with the views of Rauber as to the transitory nature of the
outer layer of flat cells, has more recently (1882) (No. 99, ii.) reviewed the
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whole subject and has described the result of renewed observations made on the
rabbit as follows :—

The embryonal area of the rabbit’s blastodermic vesicle consists at the fifth day
of three layers, of which the upper, corresponding to Raul::eru ﬂu.t. cells, is the
same with the outer layer of the primitive blastodermic vesicle, while the other
two layers arise by the widening out of the mass of inner cells, and its subsequent
division into two lamins, The outer layer of cells is transitory, and is not the
source of the permanent epiblast, which is formed, as Rauber supposed, from the
upper of the two internal layers of cells, while the lower of these gives rise to the
hypoblast. After the disappearance of Rauber’s cells the blastoderm becomes for
a time distinetly bilaminar, the cells of the upper layer being more regularly set

Fig. 650.

Fig. 650, —A s£cTION THROUGH PART OF A RILAMINAR BLASTODERM OF THE CAT.
{Eﬁ -l'. s"'}

ecl., en., ectoderm, entoderm ; =.p., thinned out zona pellucida.

and columnar in form ; those of the lower being large and flat, as well described
by Hensen (98) and Schifer (No. 100).

The mesoblast first makes its appearance in the course of the seventh day in
connection with the formation of the primitive streak, and according to Killiker
is formed entirely by proliferation of cells belonging to the epiblastic layer. This
cellular multiplication takes place in an axial plate very similar to that previonsly
described in the bird's egg, and the mesoblastic sheet which results extends in the

Fig. 631.

Fig. 651.—820T108 0F TRILAMINAR BLASTODERM OF THE RABBIT OF EIGHT DAYS AND
wixk Hovms, (Kolliker,)

ect., end., ns before; mes., mesoderm continuous in middle (pr.) with ectoderm,

same manner forward along with the primitive streak from the margin of the
embryonal area where their development begins.

According to Killiker the cells of the mesoblast have from a very early period
of their existence a marked spindle and stellate character, and in this respect
differ obviously from those of the epiblast and hypoblast ; and thus the sheet of
new formation is easily recognisable both on surface views and in sections, as it
expands from its median attachment to the axial plate laterally over the surface
of the germinal aren. The sheet of mesoblast spreads out at first only to the sides
of the primitive streak and backwards, being widest behind ; but after a time it
also extends forwards in the form of two lateral plates which spread into the
anterior part of the germinal area, in which previously the blastoderm was only
bilaminar, and finally it passes from the embryonic area into the whole extent of
the surrounding vascular area.

The observations of Heape, made like those of Lieberkiihn upon the blasto-
derm of the mole, confirm those of Killiker upon the rabbit in so far that
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they show the larger portion of the mesoblast to be produced from epiblast in the
axial plate of the primitive streak ; but he is led by his researches also to advo-
cate the view that a portion of the mesoblast is derived from hypoblast in the
anterior region of the embryonal area in the same manner as Balfour holds to be
the case in birds. He is also inclined to believe that the flat cells of Rauber
combine in part with, or are converted into, the upper layer of the prismatic
internal cells to form the epiblast (No, 107).
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Fig. 652,—SEcTION OF THE RABBIT'S BLASTODERM AT SIX DAYE. (From E.
Yan Beneden.)

ect., upper layer, or Rauber's cells ; mes., middle layer; ent., lower layer.

E. Van Beneden takes quite a different view of these phenomena (No. 105).
Not admitting the transitory nature of the upper layer as described by Rauber, he
holds that this layer, which is co-extensive with the whole blastodermic vesicle,
becomes the epiblast, that from the more restricted plate of deeper cells
there is first formed a primitive lower layer, and that subsequently there takes
place a separation or differentiation of this into a smaller central intermediate
plate of rounded mesoblastic cells and a wider lower layer of flat hypoblastic
cells (zee fig. G52),

Fig. 653,

Fig., 653.—OvuM oF AMPHIOXUS 1N THE THREE STAGES OF BLASTULA, INVAGINATION
AND GASTRULA. (From Haeckel, after Kowalevsky. )

i i ' i tation ; I, in-

A. blastula stage, or single vesicular layer of cells resulting from segmentation ;
vagination stage Efu;-ming two layers ; C, gastrula stage iu _wlunh a primitive nl:m»;.»ntarj:
cavity is enclosed by a bilaminar blastoderm ; &, segmentation cavity ; _ﬂ‘t.: E?u_:;r ayer ;
end., inner layer ; al., primitive alimentary cavity formed by invagination ; b, blastopore.

GENERAL RELATIONS OF THE BLASTODERM TO THE OVUM.

- brilliant discovery

Invagination of the Blastoderm, Gastrea Theory. Tl.m '
by Kowalevsky in 1867 (No. 83) of the production of a bilaminar condition of the
blastoderm in Amphioxus and some invertebrate animals, by the infolding or m-
vagination of a primary simple cellular blastodermic membrane (blastula) resulting
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from the primary segmentation, and the attempt of Haeckel (No. 89) which fol-
lowed to show that a somewhat analogous process is universal throughout all
animals in which the distinction between ectoderm and entoderm exists, gave rise
to an entirely new mode of viewing the relation of the blastoderm to the ovam and
its embryonic development. In the Amphioxus the invagination uomi!.ltsin the
doubling back or inwards of one half of the primary blastodermic vesicle upon
the other, so that the two at last come into contact, by the gradual disappearance
of the intervening cavity. At the same time the double wall thus produced
bends round and converges at the margin of reduplication =0 as to enclose a new
cavity which communicates with the exterior by a narrow aperture ; this con-
stituting the gastrula form of the developing ovum and embryo. The two
layers forming the wall of this gastrula correspond with ectoderm and entoderm
or the primary outer and inner layers of the blastoderm, and the now contracted
aperture of invagination receives the name of blastopore appropriately given to
it by Ray Lankester (No. 44). Now although it is very apparent that in the higher
vertebrates, as well as in many of the lower animals, there is no actual infolding
or invagination of the blastoderm such as that now described, yet there are
ciroumstances connected with the origin of the layers, and their continuity at
the place where the first traces of the embryo appear, which seem to make it
possible to vefer the phenomena of blastodermic and early embryonic develop-
ment to a general principle in sgome degree consistent with the invagination and
gastraa theories of Kowalevsky and Haeckel,

We cannot in this place enter npon the consideration of this extensive and
difficult subject ; but it may be proper to refer briefly to one or two points in
connection with its history in the higher vertebrates as bearing upon these
theoretical views.

Blastopore and Neurenteric Canal.—We have had occasion more than once
to refer to the existence of the blastopore aperture or indications of it in the
higher vertebrates, The more trustworthy of these indications are to be found
entirely in the primitive streak and its groove, and in certain depressions nni
passages through the layers of the blastoderm which have been detected in their
vicinity. It is more immediately in the space between the hinder extremity of the
notochord and primitive medullary canal and the fore part of the primitive streak
that in birds and reptiles the deepest aperture has been observed, in the form
of a downward passage, which comes to be established some time after the forma-
tion of the mesoblast and protovertebral somites, and which leads from the
exterior or from the hinder part of the still open medullary canal into the
archenteron or primitive glimentary cavity round the hinder extremity of the
notochord, and to which the name of newreateric canal is given. The fact that
the first development of a primitive trace takes place in all vertebrated animals
at the margin, and not, as was formerly held, for the higher tribes, in the centre
of the germinal area, affords some explanation of the very obscure relation
subsisting between the outer and inner primary layers of the blastoderm, and
opens up a way for the application of the theory of invagination to the early
phenomena of development in the amniota as well as in the lower vertebrates,

In endeavouring to explain this matter we cannot do better than follow closely
the able exposition of the subject given by Balfour, whose own researches have
done much to demonstrate the applicability of the theory of invagination to the
early development of the higher vertebrates, A careful consideration of the
relations of the primitive trace and its groove to the ovum and earliest
phanu:em of development, its transitory existence as discovered by Dursy in
1867 (No. 90), the occasional perforation of the layers of the blastoderm in a
part of it, and its intimate connection with the origin of the mesoblast. has led
Balfour, and after him several other embryologists, to the view that the primitive
trace is the vestige of a blastopore or aperture of invagination of the blastoderm.
and that its groove and prolongation as a trace arise from the very early and
rapid extension of the blastoderm round these structures,

In illustration of this subject we may refer to the diagram contrived by Balfour,
to show the relations between the medullary groove, the primitive trace, and the
rest of the blastoderm in three different forms of development as presented by
the Amphibia, the Elasmobranchs, and the Amniota.
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We shall suppose that in all the three sets of animals here referred to, the
primitive blastoderm already consists of two layers or groups of cells, viz., an
external epiblastic. and a deeper or internal set representing the primitive hypo-
blast, and (leaving in the meantime the mesoblast ont of Yiew ) BUppOsIDgE further
that the outer laver or epiblast has to a greater or less extent covered in the
deeper layer, there is seen in A, which represents the frog's ovum, a round spot,
wlk, where the inner larger cells or yolk spheres are etill exposed, and at a¢ a
depression where the outer and inner cells are continuons, These together repre-
gent the blastopore or place of invagination ; and it will be seen further that it is
at this point and from it forwards, that is towards the head end of the embryo,

Fiz, G64.

Fiz. 654, —DIAGRAMS ILLUSTRATING THE POSITION OF TIK BLASTOPORE, AND THE RE-
LATION OF THE EMBRYO TO THE YOLK IN VARIOUS MEROBLASTIC VERTEBRATE OVA.
(From Baltour. )

A, type of the Frog; B, elasmobranch type ; €, amniotic vertebrate ; wng, medullary
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plates and groove ; se, neurenteric canal ; &/, portion of blagtopore nr.'.‘!ulnm;; this "f""‘.] -
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ik, part of yolk not yet enclosed by the blastederm ; in B and €, & iz the seat of the
primitive streak.

that the medullary canal, mg, is developed. By the extension of the outer layer
the round spot, long known as the anus of Ruseconi, is covered ;.I'_r'nll_u:ﬂ[‘_v over by
the epiblast, and the aperture of invagination reduced in size, 18 #]1]:1|._1.' closed ;
the neurenteric canal being left, however, for a time more deeply. The permanent
anus i= of later formation., :

In the elasmobranch fishes (B), of which the ovum is mercblastic, the
blastoderm is seen to have extended only a certain way over the yolk, but in
such & manner as to involve or surround the blastopore aperture, which may be
:4||;-|:rr.-1'|| to have been pn-viuﬂﬂ}' ‘.'l'l:lt'j..'it]il] or at the I1|!Ii't'-‘|_l of f_]l': outer and
inner blastodermic layers. and thus to give rise to a prolongation of the aperture
in the form of a l_'t'l.!-ll-.'\.l'. Ll. by the meeting of the blastoderm from the WO sides.

In the amniota, C, the :~I-1':|:1':1[5||11 of the embryonic area still further from the
margin of the blastoderm is effected by the rapid extension ol the latter beyond
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the aperture of invagination, and thus the blastopore and its prolongation as a

primitive trace and groove are brought more fully within the embryonic area,

while the medullary groove stands in the same relation as in the lower animals,

It will be seen, however, that the first indication of the primitive trace even in

the amniota arises marginally, and it is probable therefore that it essentially
in position with that of the lower vertebrates,

From this it appears that the first traces of embryonic formation in these
several groups of animals stand in a constant and determinate relation to the
blastopore, or if we do not go so far as to admit the occurrence of actual invagi-
nation, to the place of continuity between the upper and lower primary layers of
the blastoderm, and to the seat of primary differentiation of the principal part of
the mesoblast,

Fig. 655,

Fig. 655.—Diacramuaric Loxaitunisan Skerions or Erasuoprascn EMBRYO AND
Brastopers. (From Balfour.)

A, younger stage with two primary layers ; B, more advanced stage with three layers
and invagination at the hinder end of the embryo ; C, still more advanced ; the l::{:[o
ruised from the blastoderm with neural and primitive alimentary canals and neurenteric
communication between them.

«p; epiblast ; m, mesoblast ; », epiblast continuous with hypoblast ; me, neural eanal ;
ch, notochord ; al, alimentary cavity ; #y, segmentation cavity ; n, nuclei of the yolk.

3 It may be proper to make mention here of the remarkable observation by E.
Van Beneden of the existence of a small aperture or deficiency in the external
layer of cells on that side of the rabbit’s ovum where the inner cells or segmental
spheres (forming the yolk-rest) adhere to the outer, which appeared to him
to have the effect of establishing continuity between the outer and inner layers
of the hlml:od?::m in the manner of a blastopore. But there are difficulties in the
way of mnnm]mg_' thiz view of a mammiferous blastopore with those of Balfour
and others on this subject as founded on the observation of invagination in
the lower vertebrates. (See No. 75.)

The ﬂ;istarl_w of a neurenteric canal or blastopore in birds was discovered by
;Zime:hx;wrﬂ [E:.ilua}, and has been confirmed by Balfour and Braun : and
rom observations it a that it is subject to intion i iti
and exteut in that class of am ; | Al s
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This discovery was extended to the class of Reptiles (Lizards) by Kupffer and
Benecke in 1879 (No. 112), and confirmed by original uhaﬁlfv&tionﬂ :}iajrj]ria.lfgnr ; and
& further series of researches by Kupffer (No, 113) in the present year, have shown
that the neurenteric canal exists in Ophidia and Chelonia.

We owe to Hensen the first clear account of the development of the primitive
streak in mammals (rabbit), and his observations have been ably followed
ap by Kolliker. The observations of Schiifer on the early blastoderm of the
guinea-pig have shown more clearly the connection subsisting between the lower

Fig. BG6.

Fig. 656.—Dracraxuatio Losarrupisat Skeriox or o5 Exenrvo or Lacerta. (From
Balfour, )
#1p, body cavity ; em, amnion fold ; we, neurenteric canal ; ek, notochord ; Ay, hypo-
Lilast ; ep, epiblast of the medullary plate ; pr, primitive streak. In the primitive
streak all the layers are partially fused.

layer in the medullary or embryonic region and the epiblast and mesoblast in the
anterior extremity of the primitive streak, and aceording to Balfour a comparizon
of this with the conditions observed in reptiles and birds leaves little doubt that
this union may be looked upon as the dorsal lip of a blastopore. In the mole (and
partially also in the rabbit) Heape has ascertained the existence of a neurenteric
canal gimilar to that observed in other vertebrates (No. 107). This appears first
a8 o pit at the anterior extremity of the primitive streak, and in later stages per-
forates the floor of the hinder end of the medullary groove. A. Fraser also has
seen the neurenteric canal in the rat.

Direction of the Embryonic Axis.—It is well known that in the common
fowl and other birds the line of the primitive streak continued through the

Fig. 657.

Fig. 657, —0UTLINES SHOWING THE RELATION OF THE AXIS OF THE EMBRYQ TO THE oVUM
IN BIRDS AXD aamumars, (A.T.)

A, Fowl's egg opened after 85 hours’ incubation, showing the embryo chick within the
transparent and vascular area on the surface of the yolk ; at right angles to the long axis
of the egz; B & C, two early stages of development in the ovum of the dog, showing
the primitive streak (in B) and the commencing embryo (in C) ; the line of ﬂl_l! nterine
tube and long diameter of the ovum being at right angles to the vertebral axis of the
embryo.
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wmedullary groove which represents the vertebral axis of the embryo is during the
first two days of incubation always placed at right angles to the long axis of the
egr, and in a determinate position, so that if one looks down upon the germinal
area in an incnbated egg the emall end of which is placed towards the right
hand, the cephalic extremity of the embryo is directed forwards, and the candal
extremity and primitive streak backwards.

There is some reason to believe that the line of the first cleavage of the
germinal area may be the same with that of the first embryonic axis as now
described both in birds and amphibia, but this is not fully known, It deserves to
be noted, however, that the position of the cicatricula in the yolk or ovarian egg
is also fixed, being invariably close to the pedicle of the ovicapsule, and all this
seems to indicate some constant relation between the position of the egg, the
mode of cleavage, and the attitude of the first lineaments of the embryo.

In mammals also numerous observations show that the axial line of the embryo
is constant, and is placed so as to eross the long axis of the uterus, as may be
seen in the dog, pig, sheep, rabbit, rat and guinea-pig. But in both mmmmals
and birds this first determinate position is soon lost, and a more variable one is
assumed by the embryo when its development has advanced so as to separate the
body from the rest of the blastoderm by an umbilical constriction. The cause
of these relations of position is still entirely unknown.

III. SPECIAL HISTORY OF THE DEVELOPMENT OF
THE OVUM.

In the ova of the higher vertebrates the phenomena of development
fall natorally into two gm::!ln, accordini as—1st, they ocenr in parts
belonging strictly to the body of the fature embryo, and are therefore
embryonic ; or 2nd, they are connected with the production of parts which
being situated external to the body of the embryo may be regarded as
acecessory and called extraembryonic.  We shall begin with the second of
these divisions as affording a convenient opportunity of explaining some
general relations of connection between the embryo and the other parts
of the developing ovum.

I. DEVELOPMENT OF EXTRAEMBRYONIC PARTS.

Membranes of the Ovum in General.—In the three higher classes
of vertebrates the extraembryonic structures consist of the membranes
named yolk-sac, amnion and allantois ; and to these may be added a
fourth, existing only in mammals, and which may best be named the
chorion, We shall first state the most general facts as to the develop-
ment of the membranes ; and then in connection with human utero-
gestation describe the formation of the placenta, which is the organic

medinm of connection between the ovum with its embryo and the
maternal nterus,

It is to be noted that this description will not apply to many of th
¥ o & poeEnomend
observed in the exceptional forms in the guinea-pig. rat and mouse, i

The Yolk-sac.—This name is given to an organised and vascular
covering formed by the extension of the layers of the blastoderm over
the surface of the yolk, and existing in all vertebrate animals,

The yolk-sac is the seat of the first circulation of the blood in the
vitelline or omphalo-mesenteric vessels of its vascular area, and in
oviparous animals especially these vessels spread at a later period over
the whole surface of the yolk in the membrane which forms the sac.
In birds the food-material of the yolk is absorbed by these vessels and
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conveyed by them as nourishment into the system of the embryo, through
a special structural arrangement of the membrane, which is thrown into
folds and beset with tufted groups of cells surrounding the vessels of its
mterior. (Courty, in Ann. d. Se. Nat, 1844.)

In mammals as in birds the vascular area spreads over the surface of
the yolk, but does not in all cover it entirely. In some the yolk-sac
grows with the embryo and other parts of the ovum to a large “propor-
tional size, which it retains up to an advanced stage of development,
while in others its growth ceases at an early period, and this is followed
in some by the atrophy and complete disappearance of the yolk. The
cavity of the yolk-sac is in most occupied chiefly by a coagulable fluid
without the peculiar yolk corpuscles which belong to the yolk-substance
of birds and reptiles. A

The differences which are observed in the extent of development of

Fig. 658.

Fig. 658.— VERTICAL SECTIONS OF AN INCUBATED FOWL'S EGG, LOXGITUDINALLY AND
TRANSVERSELY, AT THE THIRD DAY.

The figure is diagrammatic and is intended to show the early relations of the membranes
to the embryo and rest of the egg. The parts of the embryo and those near it are
represented as proportionally larger than natural. A, longitudinally in the egg, and
across the embryo ; B, across the egg and longitudinally in the embryo; sk, shell and
external covering of the egg ; sp, air space at the larger end ; y, the yolk partially covered
by the spreading layers of the blastoderm, viz., ep, epiblast, Ay, hypoblast, and me, visceral
mesohblast as far as the vascular area extends ; vm, vitelline membrane ; w, space occupied by
the albumen of the egg ; ¢, the embryo (shaded dark) consisting of its medullary and pro-
tovertebral axis, and partially surrounded by the commencing folds of the amnicn in con-
nection with epiblast (ep); i, the place of communication of the primitive intestine
with the yolk-sac. For the sake of clearness the parietal mesoblast has been omitted.

the yolk-sac and its blood-vessels may be traced to differences in their
relation to the chorion in utero-gestation. In rodentia, and to some
extent also in insectivora and cheiroptera, it comes into contact or union
with the non-placental part of the chorion, and furnishes blood-vessels to
that membrane. In ruminants it is very soon drawn out into two at-
tenuated tubes which extend towards the ends of the greatly-clongated
ovum. Inearnivora it is of considerable size, stretching throngh fhe ovum
towards its opposite poles, but without vascular union with the ehorion.

In the human species the yolk-sae, which is also named the umbilical
vesicle, retains its vascularity for a short time, and continues to grow up
to the fifth or sixth week, at which time it has assumed a pyriform
shape, and is connected by a tubular vitelline duct with the intestine.
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In an ovom of from five to six weeks it is about a quarter of
an inch in diameter, and lies loosely in the space between the amnion
and chorion. At a later period, the duct elongating with the umbilical
cord, the vesicle remains flattened and atrophied in the same relation to
these membranes as before. In the third month its duct is found con-
nected with a coil of intestine which in the form of a hernia occupies
the umbilical cord outside the abdomen of the embryo (see fig. 789,
P. 882). At a later period the much elongated and attenuated duct
with the vitelline vessels, now shrunk and impervions, may still be traced
through the umbilical cord, while the flattened vesicle may be found even
up to the end of the term of uterogestation.

The Amnion.—This vesicular covering of the embryo does not exist
‘in amphibia or fishes, but is present in all reptiles, birds, and mammals,

Fig. 659, —DIAcnAMMATIC OUTLINES OF LOX- Fig. 659.
GITUDINAL SECTIONSE OF THE EMBRYO-

CHICE AT SUDCESSIVE FPERIODS DURING / - A
THE FORMATION OF THE MEMBDRANES. ¢
(4. T.)

A, at the beginning, B, towards the end
of the second day of incubation ; C, on the . n
third day ; D, on the fourth day, showing
also a section of the whole egg In A
all these figures the embryo and the ;
neighbouring inflections of the membranes
are represented proportionally larger than ] C
nataral, The dark-shaded indicates o
the embryo: ep, epiblast ; Ay, Lypoblast ;
ifor the sake of clearness the mesoblastic
Tolds aceompanying these are not represented ),
In A, the cephalic fold of the amnion has
begun ; in B, it has increased, and the caudal
fold has commenced ; in C, the two folds ap-
proach one another, leaving the amnion still
apen dorsally ; in D, the outer fold or false
amnion has separated from the inner or true
~amuion which is now completé ; ys, the cavity
of the yolk being gradually surrounded by the
yolk-sac formed of all the three layers of the
Wlastoderm, and communicating at ¢, with
the alimentary eanal ; al, in D, shows the
allantois beginning to expand from the in-
testine; in C, it is just beginning to appear.

‘which are hence named Amniola. Tt begins to be formed at an early
stage of development, and sulsequently becomes distended by a fluid in
which the embryo floats and is attached by means of the umbilical cord
1o 1ts amniotic enclosure,

_The structure and mode of formation of the amnion are essentially
similar in the three classes of animals in which it exists. It generally
consists of two layers, derived respectively, the inner from the epiblast,
and the outer from the parietal layer of the mesoblast ; the first formed
of distinet nucleated cells, the second presenting in later stages a fibrous
strocture. The external layer possesses considerable musenlar contractil ity
and in some animals is partially vascular,

T'he formation of the amnion takes place by the gradual inflection in
a dorsal direetion from the flat part of the blastoderm adjoining the
embryo of the two layers before mentioned, first at the cephalic, and
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somewhat later at the candal extremity and at the sides (see fig. 659, A, B

C and D), so that the two layers of which the amnion is composed are
lifted up and separated from the remaining two lower layers (visceral
mesoblast and hypoblast) of the blastoderm, by a space which is a
peripheral extension of the pleuro-peritoneal cavity, The embryo thus
comes to sink into a hollow produced by the rising of the amniotic folds
round it. The backward folds deepening more and more, gradually
converge on the dorsum of the embryo, and at last come together, the
margins of the refiection narrowing rapidly and being finally completely
obliterated or lost by their convergence and by the subsequent dissociation:
of the inner from the outer divisions of the folds (fig. 659, D). The
separated inner division now becomes the entire closed sac of the
ammnion, connected only with the rest of the parts at the umbilical con-
striction where it is continuous with the intezument of the embryo., The
outer dissociated division is the false amnion of Pander and Von Baer,
passing out into the peripheral part of the blastoderm, and constituting
for a time an external covering of the ovum, which in birds and reptiles
appears afterwards to be lost by thinning or absorption ; but which in
mammals is probably connected with the development of the permanent
chorion in a manner to be referred to hereafter.

In birds at a more advanced stage of incubation the true or enclosed
amnion is surrounded externally by the expanded allantois. In mam-
mals its relations vary somewhat according to the nature and extent
of the proportional development of the yolk-sac and allantois. In the
advanced stage of the development of the human ovam the amnion is to
a greab extent in contact with the interior of the chorion ; but its origin
and formation do not differ materially from those of animals,

In the human embryo, as in that of most animals, the amnion is at
first and for some time after its completion very close to the surface of
the body, but after a time, corresponding to the fourth day of incubation
in the chick and the fourth or fifth week of gestation in man, the in-
creased accumulation of fluid within the amnion expands the membrane
rapidly so as to remove it to a considerable distance from the embryo.

e muscular contractility of the amnion doubtless resides in its onter
layer derived from the parictal mesoblast. The contractions appear to
be rhythmie, and they may be seen in the opened incubated egg of the
fowl, or even in the entire egg, by means of a bright light in a dark
chamber, from the sixth or seventh day of incubation ; and it is probable
that they are of a similar nature in mammals.

The homan amniotic flnid contains about 1 per cent. of solid matter,
consisting chiefly of albumen, with traces of urea, which is probably
derived from the urinary secretion of the feetus.

It would appear that there is a difference in the structure of the re-
flected or false amnion in birds and in mammals. In the former it is
composed of the same two layers as the amnion itself, their position
being reversed, but in mammals the development of the mesoblast
appears to cease at the place of reflection of the true into the false
amnion, 8o that the latter consists only of the epiblast.

The Allantois.—This membrane, sometimes also called urinary
vesicle, exists as a feetal structure in all the amniota, but not in fishes or
amphibia ; and yet in the latter animals a corresponding vesicle is de-
veloped in the adult. In reptiles, birds, and mammals it originates at a
very early period as a diverticulum from the hinder part of the primitive
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intestine, but there are great differences in the degree and rate of its
extension, a rapid and wide expansion oceurring in some, while in
others it remains of comparatively small size. It is the seat of an
extended distribution of mmified and capillary blood-vessels which
perform important functions in connection with the nutrition of the
embryo and the aération of its blood.

The allantois at its origin consists essentially of a thickened bulging
portion of the visceral mesoblast, and a corresponding extension of the
intestinal hypoblast within ; and from recent researches in reptiles
( Kupffer No. 113) would appear to have close relations with the neuren-
teric canal. The capillary network of commencing blood-vessels makes
its appearance in its mesoblastic layer at a very early stage, and these
become connected with the main vessels of the embryo by means of two

Fig. 660,
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Fig. 660, —BXLARGED DIAGRAMMATIC OUTLINE OF A LONGITUDINAL VERTICAL SECTION OF

r‘:"Tﬂ?‘ﬂ AXD EEIGHBUURING PARTS OF THE PLASTODERM ON THE FOURTH DAY.

ep, epiblast ; #m, parietal mesoblast, together forming the somatic plate ; hy, hypo-
blast ; vm, visceral mesoblast, together forming the risceral plate ; af, cephalic fﬂ:ln;
f, candal fold of the amiion ; a@m, ecavity of the true amnion; ws, yolk-sae,
ending by vi, the vitello-intestinal aperture to 4, the intestine ; s, the stomach and
gullet ; @, the future anus still closed ; m, the buccal cavity or mouth formed in
epiblast and still closed from the pharynx at the fances, which are not shown ; me, the
mesentery ; al, the allantoid vesicle communicating by its pedicle with the hinder intes-
tine ; the space between the outer and inner folds of the amnion, which is an exten-
sion of the body cavity or pleuro-peritoneal space within the embryo between the parietal
and visceral mesoblasts. The shaded part of the figure represents the head and trunk of
the embryo in which the eye and the jaws with the branchial bars and clefts are indicated.
The epiblast and hypoblast are dmwn with entire lines, the parietal mesoblast with an in-
terrupted and the visceral mesoblast with a dotted line,

arteries and two veins. The allantoic arteries are at first separate
branches of the two primary divisions of the abdominal aorta, and subse-
quently, when the two aortas coalesce, they are derived from the hypo-
gastric arteries, and have been called umbilical. The two returning
vessels or allantoic veins E:m into connection with the principal veins of
t]lllr: {g!:w, anid wli)th 1;}. I m form the umbilical veins, e name of
allan sugees four is preferab ili
. E{ P le to that of umbilical for the
The allantoid diverticulum soon takes the form of a flask-like
vesicle, connected with the intestine by a narrow pedicle, as may be well
seen in the chick on the fourth day, and in the embryo of the rabbit
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or dog at a corresponding period. In all birds, as also in reptiles, it
undergoes rapid dilatation and extension, and its inner hypoblastic
portion being filled with fluid, and the doubled membrane flattening
out in the space which intervenes between the parietal and visceral
mesoblast, as far as is allowed by the separation of these two layers, viz.
to the margin of the vascular area of the yolk, it follows the gradnal ex-
tension of that area over the surface of the yolk; and ﬁ:ﬁll}', as the
albumen gives place by its absorption into the yolk cavity, the allantois
comes to oceupy more and more of the intermesoblastic interval, and to
fill the whole space between the ammnion and yolk-sac on the one hand
and the lining membrane of the egg shell on the other.

The allantoic blood-vessels are distributed both in its internal and ex-
ternal folds, but form a vicher network on the latter, and there they

Fig. 661, — Dracraxsaria
OUTLINE OF A LONGITO-
DINAL SEOTION OF THE
FOWL'S EGG ABOUT THE
MIDDLE OF INCUBATION.

(A.T.)

: sh, the shell and its mem-
rane ; sp, the airspace much
enlarged ; am, the amnion
with the enclosed embryo now
placed towards the large end
of the egg and air space ; ys,
the yolk and yolk-sac; al,
the allantois expanded as a
doubled vesicular membrane
over a considerable part of
the internal surface of the
. egg ; of', in dotted lines in-
dicates the manner in which its expanding folds will nltimately meet and cover the
whole of the deeper parts; s, the hardened remains of the white or albumen which
towards the end of incubation lie between the yolk-sac and the allantois.

exhibit in the arteries and veins a marked difference of colour which
indicates the action of the air upon the blood through the egg-coverings
analogous to that of a respiratory organ.

It is also worthy of notice that from the time when the allantois has
attained some size, it, like the ammion, is possessed of contractility, which
regides in its mesoblastic layer ; and accordingly on opening an incubated
ega, from the effect of change of temperature or other stimuli, active
motions may be perceived, caused by the alternate contraction and re-
laxation of different parts of the membrane.

In some of the mammalia the origin and early development of the
allantois is nearly the same as in birds, but in a more advanced stage of
development the relations of this membrane to the other parts of the
ovam are greatly modified by its combination with the chorion, more
especially in the region of the placenta.

In most mammals the external or mesoblastic Jamina of the allantois
undergoes greater extension than the inner hypoblastie sae, and this is
remarkably the case in the human sabject, in which it is still doubtful
whether any internal vesicle is present beyond the limits of the nmbilical
cord. In the human ovum the external or mesoblastic vascular element
probably spreads at a very early period over the whole interior of the
chorion (placental and non-placental parts), while the internal or hypo-
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blastic vesicle either shrinks and atrophies at a very early period or is
comparatively small and has never reached the interior of the chorion.
This snbject will again be referred to in the account of human utero-
gestation.

Fig. 062.

Fig. 082, —DIAGRAMMATIO SECTIONS OF THE MAMMIFEROUS OVUM IN DIFFERENT STAGES

OF DEVELOPMEST TO SHOW THE PROIRESS OF FORMATION OF THE MEMBRANES,
(From Kolliker.)

1. Ovam in which the chorion las begun to be formed, with the hlastoderm and rudi-
wment of the embryo within, 2. Ovum in which the cephalic and caundal folds have con-
tracted the umbilical aperture towards the yolk-sae, and the amniotic folds are turning
towards the dorsal l.?od. 3. The amniotic folds being completed have met in the dorsal
region 3 the umbilical opening is more contracted, and the allantois has begun to sprout.
4. The true amuion is detached from the reflected or false amnion which has disappeared
or combined with the chorion ; the cavity of the amnion is more distended ; the yolk-sac
is now pediculated, the allantois projects into the space between amnion, chorion, and
Yolk-sae, and the villi of the chorion begin to ramify.

d, external membrane or primitive chorion ; d', commencing villi of the chorion ; ak,
subzonal membrane or chorion ; &, villi of the chorion more advanced ; am, amnion ; ah,
its cavity ; ks, cephalic fold ; 22, caundal fold of the amnion ; «, the embryonal rudiment
in the epiblast; m, that in the hypoblast, and ', in the mesoblast; #f, margin of
the vascalar area in its early stages ; dd, hypoblast ; &h, hollow of the vesicular blasto-
derm, becoming afterwards da, the hollow of the yolk-sac ; dy, ductus vitello-intestinalis ;
«tl, allantois ; ¢, embryo ; r, original space between amnion and chorion ; v, wall of the
thorax in the region of the heart ; Ak, pericardial cavity.

The urinary bladder of mammals is produced by a dilatation in the
pedicle of the allantois near the cloaca and within the body of the
embryo. The urachus is the tubular extension of the walls of the

bladder towards dnd in part throngh the umbilicus to join the allantois,
VL. IL, 3o
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but the extent to which its hollow is prolonged varies greatly among
animals, and in the human embryo this does not in general pass beyond
the root of the umbilical cord.

The Chorion.—Under this name there has been long known in
human embryology a most characteristic but rather complex membrane
which surrounds the ovum from the earliest period at which it has been
observed within the cavity of the uterus, and which ]:-rn:ulmhI;r begins to
be formed about the ninth or tenth day after conception. This is the
villous or shaggy vaseular chorion, a part of which takes an important
share by its further development in the formation of the feetal portion of
the placenta, while the remainder may be recognised as persistent during
the whole of uterogestation. A

An external covering of the ovum having a very similar origin and
structure; and with analogous relations to the other parts, exists for a
time in all mammals, and though in many less developed and less per-
sistent than in the human ovam, still deserves the same name.

The mammiferous ovum when it enters the uterus has still a covering
from the ovarian zona pellucida, but in the rapid expansion which
the blastodermic vesicle undergoes within the first or second day after
the completion of the segmenting process, the zona seems either to be
much attennated and finally lost, or may possibly be combined with the
outer layer of the blastoderm, which then surrounds the whole ovam.
In some animals, such as the rabbit, dog, and cat, and the same is pro-
bably the case in man, previous to the appearance of any trace of the
embryo, but when an embryonic area may have been formed, villi begin
to project from the surface of the ovum, and from the primitive cellular
structure of the villi it is almost certain that they proceed from the
outer layer of the blastodermic vesicle, to which therefore must be mainly
attributed the first origin of the chorion. These villi extend over a
large portion of the surtace, }:erhapa only excepting the embryonic area
and a Fpm:l'. of the ovam where 1t is not in contact with the uterine
wall. They are at first destitute of blood-vessels and are of simple
cellular structure. They soon become pervaded in their interior b
connective fibro-nuclear tissue derived from the mesoblast, which
extends itself below the primitive epiblast. Some time later or after
the development of the vascular membranes of the yolk and allantois,
and after the completion of the fold of the amnion and the separation
of the false amnion, the villi acquire blood-vessels which penetrate the
connective tissue of their interior, and are in some animals wholly, in
others partially derived from those of the allantois ; in the latter case,
as before stated, the chorion receives blood-vessels also from the yolk-sac.

In birds the separation of the parietal and visceral mesoblast, and
the intervention of the allantois between them, leads to the formation
of an external membrane, composed of epiblast and parietal mesoblast,
which lies close to the outer covering of the egg ; but this membrane
afterwards unites with the visceral mesoblastic layer of the allantois and
thus loses its independence.

In mammals, however, this external membrane formed of the false
amnion and its peripheral continuation in the blastodermic vesicle consti-
tutes the basis of the chorion, and is the same as that to which Turner
proposes to give the name of subzonal menibrane. |

he further history of the development of the chorion will be given
in connection with the formation and strncture of the placenta, but




HUMAN UTEROGESTATION, 771

previously to entering upon that subject, it will be proper at this place
to give some account of the early development of the human ovam and
embryo.

HUMAN UTEROCGEETATION.

1. Barly Stages of the Human Ovum.—(reat obstacles have
stood in the way of the study of the earlier stages of the development
of the human embryo and its membranes from the extreme rarity of
the opportunities for observing the ovam in perfectly natural conditions
within the uterns after death, and from the frequency of abnormal
changes in aborted products in the first two months of pregnancy.
Within the last few years, however, some important contributions have
been made to the knowledge of this subject, among which is deservin
of ial notice the elaborate Mon Eh, by Professor His, in whic
much new information is supplied and the first systematic attempt has
been made to investigate the human embryo by the method of sections
(No. 132, 1880-82).

The impregnated ovum has never been detected in the course of its
descent through the Fallopian tubes of the human female, From the
analogy of animals and some observations on the changes in the uterus
it is believed that the human ovum may arrive in that cavity at the
seventh or eiﬁhth day after imgregnutiou, but although instances are
recorded in which at the eighth day a delicate vesicular body was found
mﬁnﬂy imbedded in the inner wall of the uterns, which from the pro-

ility of impregnation having taken Elwe might possibly be an ovam,
yet these bodies were not observed with sufficient accuracy to determine
their nature, and it does not appear that the human ovam has been with
certainty distinguished in the uterus before the tenth or twelfth day.

In a certain number of such observations the ova were fonnd to
have attained the size of a small pea or nearly a quarter of an inch in
diameter, and were already more or less beset with villi on the outer

Fig. 663.—Froxt AXD SIDE VIEWS OF AN EARLY Fig. 663,
HUMAN OVUM FOUR TIMES THE NATURAL SIZE
(from Reichert). A B

This ovum is supposed to be of thirteen days
after impregnation. The surface bare of villi is
that next the wall of the uterus, showing at e,
the opacity produced by the thickened em-
bryonic dise. The villi covered chiefly the
marginal parts of the surface,

surface of the chorion; no embryo
was to be seen in these cases, nor such
a structure of the membranes as to
make it probable that the process of embryonic development had made
:m{']I advance,

. Une case of this kind deserves especial notice from the very favourable
circumstances under which it was examined (Reichert, la?rg, No. 125).
It was found in the uterus of a woman who committed suicide, and
from the facts known as to her history it was believed by Reichert to
be of twelve or thirteen days after conception. Tts largest diameter was
55 mm. Its shape was that of a flattened spheroid, and the simple villi
which partially beset its surface extended mainly over the equatorial
marging, and left the two flatter surfaces bare to the extent of 25 min.,

4dp3
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or 5th of an inch. No traces were anywhere to be d
embryo ; but the membrane of the ﬂ\'llliw from which Eﬁiﬁﬁmﬁﬁ
spranﬁ was of cellular structure, and in the middle of the smooth part
turned towards the uterus, there was an opaque spot which might be
taken for an embryonic area, and which presente internally a thin
layer of finely granular nucleated cells. The ovam lay on the inside of
the posterior surface of the uterus near the upper border, imbedded in
the thickened mucous membrane or decidua, and having a thin covering
of the same substance, which with the included ovum formed a rounded
projection into the cavity of the uterns.

1t may be doubtful how far the process of development had advanced

Fig. 664, Fig. 605,

Fig. 664, —Huaax ovuy or 12 1o 13 pays (from Allen Thomson),

1. The ovum of the natnral size with simply villous chorion.
2. The same opened and magnified seven times, The large yolk-sac is seen with the
embryo seen sidewise lying flat upon the yolk-sac.

Fig. 665.—Huumax ovuy axp Exaryo or Anovr 14 pavs (from Allen Thomson).

A. The ovum opened, half the chorion laid to one side and the embryo and yolk-sac
seéen in the other ; natural size.

B. The embryo and yolk-gac viewed from the dorsal aspect, magnified about ten times ;
t, yYolk-gac ; &, hind brain portion ; here for a space the medunllary canal is closed ; ¢,
the mid-brain open superiorly ; d, hinder part of the medullary canal also open ; ¢,
portion of membrane, perbaps belonging to the torn amnion.

in this ovum, but supposing Reichert to be correct in holding that no
parts of the embryo had vet been formed, it would appear that in the
human embryo villi may be developed from the blastoderm, as occurs
in some animals, previous to the formation of a reflected amnion, _

A somewhat similar case was observed by T. Wharton Jones (No. 118),
in which also the side next the uterus was devoid of villi and there was
no appearance of an embryo. Another instance observed by Breuss
presented nearly the same phenomena. (No. 126).

The first appearance of the human embryo as a primitive trace, or with
a simple medullary groove, has not been observed. Among the earliest
human ova in which features of embryonie structure are distinetly recog-
nisable are two first deseribed by the writer of this section in 1839 (No.
119), and another deseribed by His (No, 132), which may have been
even of a slightly earlier date. !

In this stage the embryo, which consists almost entirely of its
primary axial parts, lies prone on the surface of the yolk-sac, after the
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manner of a chick on the second day or the rabbit on the tenth. The
heart exists, and doubtless a vascular area on the surface of the yolk-
sac, though not fully observed, was already the seat of the first circula-
tion. From the researches of His it seems probable that in the two

Fig. 666.
A

Fiz. 668.—Tungs gAnLy HUMAY EX8RYOES (from Dalfour after His).

A. An Nuhr:ru of less than fonrteen -.E:I_"E‘II_ described '|:|_'.' His. a 1L, amnion ; um, um-
bilical vesiele ; ¢k, chorion to which the embryo is attached by a stalk.

B. Eml;r_\'u of about fourteen Itll.:_i!'l. deseribed l1_1,.' Allen Thomson. wm, umbilical
vesicle ; md, medullary groove,

C. Embryo of sixteen or cighteen days, described by His. wm, umbilical vesicle.

first mentioned specimens, the amnion, althongh imperfectly observed
nevertheless already existed, but had been accidentally destroyed, and His
i of opinion that in these and other similar cases the allantois, which
in the human ovam is undoubtedly formed at a very early period, had

Fig. 667.—Huvaax Eumuryo or 15—I18 Fig. 667,
DAYS, WITH YOLEK-SAC, AMNION AXND
uMpinical rEprcne,  Magnified (from
Killiker after Coste).

f, nortie bulb; ¢, heart ; o, margin of the
wide abdominal opening ; e, asophagus ;
f, branchial arches ; 1, hind-gut ; n, m,
vitellina vessels : o, volk-sue, ite vessels
not fully representod ; «, stalk of allantois;
a, allantois with distinet vessels form-
ing a short umbilical cord united to
chorion ; v, amnion ; ah, its cavity ; ok,
chorion,

already grown out from the hinder
part of the body of the embryvo
80 88 to become attached to the
iterior of the chorion, as illus-
trated by the accompanying dia-
gram. (Fig. 670.)

Somewhat more advanced than
the foregoing is the ovam well
described by Coste (No. 22, iii.),
which was probably of from
fifteen to eighteen days, and of which the whole diameter was 13 mm.,
or fully half an inch. The embryo, of 44 mm. in length, lay upon a
vitelline sack at one gide of the cavity within the chorion, and was there
fixed by an umbilical cord to the interior of that membrane, while a
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distinet amnion enveloped its other side. The parts of the heart with
the pericardium were distinctly recognisable, as well as several other
points of structure belonging to the embryo, which will be referred to
at a later period. The ce halic portion of the intestine was formed and
enclosed, but the larger hinder part was no more than a groove opening
widely into the :E’Ulk*ﬂ&ﬂ (fig. 667). The vitelline vessels were distinct
on this last. The chorion was uniformly covered with villi, which
were hollow ; and the vagcular layer of the allantois ran inside it with-
out however yet penetrating the villi.

An embryo degeribed by His, marked I in his Monograph, presents
gome of the same features. (Iig. 666, A.)

In human ova which may be estimated as approaching the term of
three weeks after conception, the body of the embryo is found to he
curved, the cephalie flexure has also taken place, several of the pharyngeal
bars and clefts appear below the cranium, and the communication hetween
the intestine and yolk-sac is much reduced in size, though still wide.

Fig. 668,

Fig. 668.—0OUTLINE OF HUMAN EMDRYO ov ApouT THREE weeks. § (A.T.)
Fig. 609.—OUTLIKE OF HUMAN EMBRYO OF ApouT FoUR WeEEkS, § (AT.)

am, amnion ; uv, yolk-sae ; al, allantoid pedicle ; ae, anterior extremity ; pe, pos-
terior extremity ; /&, heart,

In the next stage, of which the age may be reckoned as of fully three
weeks (sce fig. G68), the extremities begin to appear as semi-circular
lates projecting from the lateral ridge of the body. The Wollfian
odies are formed, the visceral arches are now four in number, ineluding
that of the lower jaw, with the clefts between them, the intestine has
become tubular and the vitello-intestinal communication is diminished in
width. At four weeks (fig. 669) these features are more pronounced, the
‘olk-sac is pyriform, its duct is thin and elongated, and the extremities
egin to divide into proximal and middle segments.

In the earliest stage at which the human embryo has been observed, or near
the end of the second week, the symmetrical rudiments of the bedy lie prone
upon the surface of the yolk-sac enclosed in an amnion and with an allantoid
adhesion to the chorion. In the course of the third week, the midgut becoming
more and more tubular, the head and tiunk of the embryo undergoing incurva-
tion, and the abdominal walls converging ventrally, the umbilical aperture,
which is at first very wide, contracts and embraces more closely the diminishing
vitelline duct and the allantoid vessels; and by the sixth week the amnion,
which was at first very close to the body of the embryo, is separated from it by
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EARLY HUMAN OVA. 770

the increase of the amniotic fluid, and the umbilical attachment begins to
elongate into a cord over which the amnion is inflected.

Up to this time the human embryo presents a remarkable resemblance to that
of most mammals, and also to some extent of birds and reptiles of a corresponding
stage of development ; but in the period which follows, or from the sixth to the
eighth and still more to the tenth wecks, the changes which it undergoes,
though agreeing in their general nature with those which take place in other
animals, are s0 modified as gradually to bring out the peculiar features which
are characteristic of the human form and type of organisation. Among these
the most marked are the large and early development of the cerebral hemis-
pheres which gives peculiar prominence to the forehead and upper part of the head,
together with the comparative small size of the maxillary and mandibular parts of
the face, the form of the external auricle, and the form and attitude of the limbs.

Fig. 670.—DracRAMMATIO SECTION OF THE Fig. 670,
EARLY HUMAN OVUM ACCORDING To His, i
(From Balfour after His). e

Am, amnion ; Nb, umbilical vesicle.

It would have been desirable to give >
some account at this place of the rate of g
progress and the peculiarities of form =
and strncture belonging to the successive =
stages of early growth and development
in the haman embryo ; but the want of i
‘space and the paucity of materials for
such an account as would be satisfactory
forbid the attempt for the present, and oblige us to refer the reader to the useful
plates of Erdl (No, 23), and to the important contribution to the subject made
by His in the second part of his work on the human embryo (No. 132),

Returning to the subject of human uterogestation it is to be observed that
- the mode in which the connection of the embryo with the chorion is established

Fig. 671.—Draarammaric Fig. 671,
OUTLINE OF SECTION OF
HUMAX OVUM AT THEEE
wiEks (A. T.)

¢h, chorion ; ep, epiblast
of reflected amnion ; sm,
parietal mesoblast; am,
amnion ; ys, yolk-sac; all,
allantois ; wvm, visceral
mesoblast (vascular layer);
ky, hypoblast,

by the allantoid pedicle
and as well as
the early condition of
the amnion, present
gomeé peculinrities of
which direct observa-
tions have not yet fur-
nished a full explana-
tion, or one which would

bring the phenomena into conformity with the modes of development of the mem-
branes hitherto most familiar to embryologists. But several recent observations
seem to show that important deviations from the better known types of develop-
ment among mammals may still be discovered by future investigations,

The view taken by His (No. 132, L) that the outer lnyer of the human allantois
is from a very early period in close proximity to, if not in actual union with the
primitive chorion, would not be inconsistent with what is already known of the
development of the membranes in most animals, if it could be supposed, as seems
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necessary, that the mesoblast of the allantois extends itself in the intermesoblastic
space, and is therefore at first within a caundal or equivalent fold of the ammnion
It is difficult indeed to conceive how the vascnlar layer of the allantois could pm
round the whole interior of the chorion, except in a space formed between the
outer and inner folds of the amnion.

Ec’i}ﬁfar's observations in the guinea pig (No. 100, ii.) and Fraser's in the Rodentia,
sufficiently show how early the vaseular layer of the allantois may extend itself
towards the chorion in some tribes of animals, and the researches of His on early
human ova, as well as those of Coste and others go far to prove the early union
in & peculiar manner of the outer layer of this membrane with the chorion,

2. Enclosure of the Ovum in the Uterine Decidua.—It iz now
well known that the uterus is prepared for the advent of the ovam by
the increased development of certain parts of its mucons membrane which
give rise to the decidua, ;

A similar change takes place previous to every menstrual period, but
in case of pregnancy occurring there is no exfoliation of the -membrane
such as follows in menstruation, but on the contrary the development of
the decidual elements of the mucous membrane progresses to a much
greater degree. These changes are probably of two kinds, the first
consisting mainly in the inereage of the subepithelial cellular elements of
the mucous membrane, together with a dilatation and subsequent atrophy
of parts of the utricular glands, and the other in a great enlargement

and change of structure of the uterine blood-vessels, which together

prepare the way for the formation of the maternal part of the placenta
in the more limited area occupied by that structure.

Embryologists were for long at a loss to understand how the human
ovum, which enters the cavity of the uterus quite free from any redu-
plication of the uterine lining membrane, hecomes very soon completely
enclosed, or incapsulated in its substance. Nor have the actua} steps
of the incapsulation ever yet been directly observed. But the fuller
knowledge of the nature of the change which the lining membrane of
the uterus undergoes before and after the arvival of the ovam in its
cavity, and the closer observation of the nature and relations of the
material by which the ovum is enclosed make it extremely probable that,
as was first sugoested by Sharpey (No. 15, iii.,, p. 1580), the minute
ovum, on entering the uterine eavity, and posgibly being sunk in one of
the depressions which lie between the bulging areas of hypertrophied
mucous membrane, is gradually surrounded by a wall of the decidual
gubstance, which rising from helow encroaches more and more upon
the suwrface of the ovum, and comes at last to cover it entirely and
to exclude it from the uterine cavity.

When the ovom has been fully imbedded in the decidua, as at the
third or fourth week, it forms along with the decidua a swelling or projec-
tion within the uterine cavity, on ﬂ]ge]lillf? which the villous chorion
i found everywhere surrounded by the substance of the decidua ; bus
the part of the latter substance which passes over the free surface of the
ovum, or that which is towards the uterine cavity, is thinner and simpler
in its structure than at the place of attachment of the ovum and in other
parts of the uterine surface ; and its appearance at the most projecting
part or summit, different from the rest, indicates, by a sort of cicatricial
mark, the place where the substance of the decidua, as it gradually
covered in the ovum, may be supposed to have finally closed.

The decidual thickening of the mucous membrane affects nearly
equally the whole of the lining of the uterine cavity, but towards the os

et
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internum, and across the fundus to the Fallopian tubes, the thickening,

first suddenly and then gradually, decreases, and the membrane assuuies

the unaltered condition which is maintained in these passages.
By the changes now described there has become apparent the distine-
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Fig. 672.—=View or THE INTERIOR OF THE HUMAN GRAVID UTERUS AT THE
TWENTY-FIFTH DAY (from Farre after Coste).

&

i, utering wall ; o, villi of the chorion of the ovam ; de, decidua vera and enlarged
uterine glands ; dr, decidua reflexa, divided round the margin of the ovam, and turned
down =0 as to expose its pitted surface, which has been removed from the ovum, The
right ovary is divided, and shows in section the plicated condition of the early corpus
lutenm.

tion of the three portions of decidua usually recognised by authors, viz.,
decidua vera, reflexa, and serotina.  The first of these is that portion of
the altered membrane which lines the general cavity of the uterus in
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every part except that occupied by the attachment of the ovum ; the
decidna reflexa is that which covers the ovum as it projects into the
uterine cavity, and which is continuous with the decidua vera round the
base of the swelling. The name of decidua serotina (or late formed) is
most frequently employed to denote the layer or layers of decidual sub-
stance which intervene between the developed placenta and the uterine
wall ontside it ; but hy some it has been made to include also the part
of this structure which originally enters into the formation of the
maternal part of the placenta, thus including a placental and a uterine
decidua serotina,

Fig. 673. — SeMI-pracram-
MATIC OUTLINE OF AN
ANTERO-POSTERIOR SECTION
OF THE GRAVID UTERUS
AXD OVUM OF FIVE WEEKS
(A.T.).

This drawing is taken from
a very perfeet specimen of
the uterus obtained from the
body of a woman who died of
cholera in 1549,

a, anterior uterine wall in-
gide which was situated the
placental attachment of the
ovum ; p, posterior uterine
wall (the accessory parts being
omitted) ; m, muscular sub-
stance of the wall; =,
thickened lining membrane
forming decidun vera, and
showing grooves and cmi-
nences on  its surface and
enlarged glands and vessels
in its substance ; g, the glan-
dular or deep layer; », the
decidun reflexa ; «, indicates
the uterine cavity ; & decidua
gerotina ; ¢, cavity of the
cervix uteri ; eh, chorion with
its willi, which are more
highly developed on the pla-
cental side; e, the embryo
enclosed in the amnion, with

the allantoie vessels passing into the placenta, and the umbilical vesicle.

The hlood-vessels and the glands of the mucous membrane also un-
dergo great enlargement and modification. The whole of the decidua vera
and the adjoining part of the reflexa are at first penetrated by blood-
vessels derived from those of the uterus, more especially in the latter part
of the seccond month, when the decidual structure may be considered as
having reached its highest degree of development. After this time the
blood-vessels of the decidua reflexa, and later those of the whole lining
decidua of the uterus, except in the immediate vicinity of the placenta,
shrink and ultimately disappear, so that the membrane formed by the
united deciduge becomes in the end wholly non-vascular, The same retro-
grade process, leading to atrophy and disappearance, occurs in the blood-
vessels of the chorionie villi E which the decidua reflexa is penetrated,
and, although the villi themselves never entirely disappear, but may be
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ftraced even in the advanced stages of Eregnancy as sparse and shrivelled
jirregular arborescent processes, the blood-vessels very soon begin to
sshrink and disappear from all the villi which do not form part of the
iplacental structure. To the changes occurring in the decidua serotina
1a8 connected with the placenta reference will be made further on.

"The Placenta.—The general relations of the feetal and maternal
sstructures of the human placenta are illustrated in an interesting manner

] Fig. 674,—CmoR1ostc VILLUS FROM THE FLA- Fig. 674.
CENTA AT THE TWELFTH WEEE. Ex-
pAnoRp 180 prameress (from Leishman
after Ecker).

From a to b, the epithelial covering is left
i entire ; from a to a it has been removed and
i the fibrous core with the capillary blood-
¢ wessels is shown.

by the study of the different forms
which they present in various orders
of mammals, or as it is called of
their placentalion ; but limitation of
gpace prevents our entering upon any
full account of this subject, and the
reader is referred to the works of
Turner (No. 150, ii.), Ercolani (No.
147, iv.), and other authors.

The general result of recent researches
on the Comparative Anatomy of the pla-
centa may be thus stated. Im all mam-
mals, so far as is yet known, excepting
the monotremata and marsupials, the true placental structures consist in the
establishment of a close relation between finely ramified fatal blood-vessels
derived originally from the outer or mesoblastic layer of the allantois, with
minutely or widely distributed blood-vessels belonging to the uterus. Both of
these are originally at least,if not throughout the whole of gestation, accom-
panied and supported by cellular and other constituent elements of the fetal and
maternal structures to which the blood-vessels respectively belong ; as, on the
part of the fotus, the villous ramifications of the chorion, and on the side of the
mother a corresponding development of a part of the lining membrane of the
uterus ; while the uterine glands do not appear to take any direct or important
part in this combination of feetal and maternal elements,

a. Early Development of the Human Placenta.—The human
placenta and that of the Apes are characterised, 1st, by the fact that
the chorion derives its blood-vessels exclusively from the allantois,
which are ramified in the villi to a very great extent and degree of
minuteness, and, 2nd, by the enormous dilatation of the uterine vessels,
and the very marked changes undergone by the decidnal or perivascular
tm‘ane,lwhim give rise to a structure different from that of any other
animal.

All are now nearly agreed on general grounds that some combination
of feetal and maternal parts occurs in the formation of the placenta ; but
we are gtill far from having an exact knowledge of the manner in which
the union is effected. Sufficient observations are in fact wanting to
show in a series the successive conditions of the placenta during the
period of most getive change, i.e., from the 5th or 6th week up to the
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the dilated cavities of the uterine glands, but are sunk in erypts of the
decidua which lie between the glandular orifices. Nor is there any
reason to believe that the villi enter the uterine glands in the forma-
tion of the human placenta. On the contrary, the observations of
Schriider van der Kolk, Kolliker, Turner and others are quite opposed
to such a view,

b. Structure of the Advanced Human Placenta.—Afier the
middle of pregnancy, the placenta forms a large discoid or lenticular mass,
of from four to five inches in its larger dinmeter and about three-quarters
of an inch in thickness, interposed in a limited space hetween the foetal
membranes and the uterus. It presents a feetal and a uterine surface, the

Fig. 676.

Irig'. 676.—DIAGRAMMATIC REPRESENTATION OF A SECTION OF THE HUMAN PLACENTA NEAR
THE MARGIN AT FIVE OR siX MONTHS (slightly enlarged). (A.T.)

am, amnion ; ¢h, chorion ; fr, stems of feetal vessels passing into two of the placental
lobes in the villi of which they undergo capillary ramification ; m, museular wall of the
uterns with divided arteries and veins; o, decidua vera; #, d. reflexa; s, decidua
serotina placentalis ; &, d. serotina uterina ; ds, septa of decidua passing from the
serotina between the lobes, branching into their interior, and reaching the chorion ; in
their bases are seen the maternal coiled arteries and the divided veins ; cs, cireular sinus ;
#ch, the subchorionic decidual layer. An attempt is made in this diagram to show the
union between the penetrating processes of reticulated decidua serotina and the villi of the
lobes, the union extending in this, which is a marginal part of the placenta, as far as the
subchorionic layer of the decidua.

former having implanted into it, usually near the middle, the nmbilieal cord,
containing the allantoic or umbilical vessels, and covered by a tubular pro-
longation of the amnion. The placenta continues to increase in size with
the foetus, and when it has attained its full dimensions, it has a width of
from seven to eight inches, or even more, and a thickness of about one
inch and a quarter. Towards the circumference it rapidly thins, where it
becomes continuous with the chorion and decidua. The feetal surface is
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covered by the chorion and amnion, and is traversed by the larger divi-
gions of the umbilical vessels before they dip into the substance. The
aterine surface shows a subdivision into a number of large lobes, some-
times called cotyledons, which are covered with a layer of decidua serotina
passing over the whole of this surface, and sending septal prolongations
nto the placenta between the lobes, which may be traced in some places
as far as the feetal surface. o

The more uniform parenchyma of the placenta within these lobes,
which to the naked eye presents the appearance of a minutely divided
sponge, consists in greatest of highly-developed and complicated
tufts of feetal villi which adhere to the chorion by vascular stems of
considerable size and strength, and subdivide again and again into
minute and complex ramifications. Between the innumerable sub-
divisions of these tufts are the irregular vascular spaces or lacunse,
the outlines of which follow closely the ramifications of the villi
throughout every inflection of their surface. These spaces, which are
filled with the maternal blood and are continuous with the uterine vessels,
are doubtless to be regarded as belonging to the maternal system, but
their minate structure and anatomical relations have been so greatl
modified in the progress of the placental growth, that, as already sl:ate&‘,
it has been found very difficult to determine their exact nature in the
fully formed condition.

On its outer side the placenta is united to the uterine wall by the
decidua serotina, consisting, as already mentioned, of two lﬂ{ﬂl‘ﬂ, of
which the inner alone enters directly into the formation of the placenta.
From this inner layer of the serotina septa are prolonged between and
surround more or less completely the lobes, so as to separate them from
one another with very obvious but interrnpted bands of decidual tissue ;
and from these interlobular septa irregular branched processes run into
the interior of the lobes and through the placenta, so as even to reach the
chorion in many places, and to unite with the subchorionic layer of
decidua which extends from the margin of the placenta upon the chorion
for a considerable distance, if not over its whole placental surface ; and
it thus becomes apparent that both feetal and maternal (or decidual)
structures are intimately intermixed throughount the whole thickness of
the placenta.

A minuter examination of the spongy or finely divided portions of the
acental lobes shows that in these the innumerable terminal villi of the
ranched faetal placental tufts lie or hang for the most part free in

i spaces (intervillous lacunm) filled with the maternal blood ;
but they are not entirely loose, for, beside the stalks on which they are
set, in numerous E;hfm they are attached at their tips and also on their
gides by slender bands and sometimes finer filaments of very irregular
form and of a granular fibro-nuclear substance, which pass from one
to another of the villi, and between them and the processes of the
decidua serotina, and which seem to be composed of decidual elements ;
fnrmn:fm thus according to Turner a network of trabecule derived
from the decidua serotina in the interspaces of which the villi are
contained (150, iii.).

The maternal blood spaces present the most varied and irregular
forms, which scarcely admit of description, and, as they all intercom-
municate freely, may rather be com to a labyrinth, the walls of
which are entirely formed by the villi over which they are moulded ; so



T84 HUMAN TUTEROGESTATION,

that it is obvious that the villi, with whatever covering they may
are in full contact with the maternal blood which permeates all the
intervillous spaces or lacunze,

The foetal villi present from a very early period, and long hefore they
have entered into any combination with the uterine structures, a distinet
external covering of epithelium which may be called chorionic, and as
soon as they become vascular their interior is occupied by a core of
connective tissue in which the fine divisions of the allantoic vessels are
imbedded. In the more advanced stages of placental growth an increase
of the feetal vessels corresponding with the prodigious ramification and
extension of the villi takes place, and besides the deeper loops of
capillary and other vessels which occupy the interior of the villi there is
devulﬂgd also a more mt})arﬁciﬂl capillary network (Schrider van der
Kolk, No. 141) ; but in other respects the individual or terminal villi do
not appear on a superficial inspection to differ greatly from those of the
earlier stages. X

On the other hand, there is good reason for regarding the maternal
blood-spaces of the advanced placents as essentially enlarged and altered
decidual blood-vessels ; for though the whole steps of the process of con-
version have not been traced with sufficient fulness or accuracy, we are
not without evidence from observation (Virchow, No. 142, and iestley,
No. 144) that the intervillous lacunse must owe their origin to the dis-
appearance of the decidual arteries and veins as such and the enormous
dilatation of their capillaries around the villi, and to the thinning away
of the decidual tissue in which they were previously distributed.

Microscopic observation has shown that the peculiar coiled vessels
which pass through the serotina as the prolongations of the uterine
arteries are destitute of the middle and outer arterial coats, but are lined
with epithelinm, and open directly by sudden enlargement, and without
the intervention of any capillary vessels, into the wide cavities of the
placental sinuses, and further that these sinuses are brought into direct
communication with the larger uterine veins by means of considerable
venous canals, lined with epithelium, which E@ma in a slanting manner
through the decidua serotina, as well as by others which join the venons
plexus named the cirenlar ginus situated round the margin of the

placenta.

Relation of the Feetal and Maternal Elements in the fully-developed
Placenta,—Such being the history of the foetal vessels, and the matermal blood-
spaces in the placenta, there still remain the important and difficult questions
which have been long discussed, and which have not yet received a satisfactory
solution—vwiz,, What has become of the decidual tissue, and the maternal vas-
cular lining in the developed placenta?! Hawve they been entirely removed by
atrophy and absorption, or are they still persistent, and are their remains still to
be found as coverings of the villi, or in any other form !

As holding the first of these views Virchow, Koilliker, and Leopold may be
quoted ; and as supporters of the second, Schrider van der Kolk, Ercolani, and
Turner,

It would occupy too much epace to attempt any review of the arguments
adduced in favour of these opposite views; and we must therefore refer the
reader to the works of the authors quoted in connection with this subject,
remarking at the same time, that while the greatest share of probability seems
on general grounds to belong to the first view, or that of Kolliker, viz., that the
villi retain their original epithelinm, and that the maternal structure must have
suffered atrophy and disappearance ; the other opinion is not without some
evidence in its favour. And more especially if it could be shown, as Ercolani
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asserts—and in this he is supported by Romiti (No. 157)—that in the villi of
the tenth week both the foetal and maternal epithelium are still present together,
while the feetal or deeper epithelium appears to be undergoing atrophy prepara-
tory to its removal. the view taken by that author, that in the formation of the
placenta the decidual cells are substituted for the foetal epithelial covering, and
possibly also that a thin layer, representing the lining epithelium of the maternal
vessels, overlays it externally on the surface of the villi, might receive important
confirmation.

But, as before remarked, further researches are still required in the period of
placental development, extending from the fifth or sixth week onwards into the
third and fourth months, to enable us to determine the precise manner in which
the peculiar condition of the maternal sinuses in the human species and in Simia
is brought about. There can be little doubt that this condition is essentially
different from that which has been well shown by the researches of Turner and
Ercolani to prevail in other animals, in which it appears that, along with the
fwtal capillary blood-vessels, and the epithelinm of the villi, there are always
present distinet maternal elements, in the form of capillary or other vessels
thlinndwithep&mah'um,und:mrbdnmmtuf obvious decidual tissue surrounding

em,

Relation of the Uterine Glands to the Placenta.—It has already been stated
that the villi do not penetrate into the uterine glands of the human placenta.
These glands undergo, it is true, in the earlier three months of uterogestation
great enlargement and modification of their form. In the decidua vera especially
the enlarged state of the glands is well known and very apparent in the early
months of pregnancy ; but as the membrane thins out in the later months, they
are much flattened and atrophied, but are not entirely lost. In the inner layer of
the decidua serotina they very soon become obliterated and disappear, but in the
outer or uterine layer their cavities remain in a moch widened condition, thongh
drawn out and flattened ; and it seems as if they gave rise in part to the separation
of the outer and inner layers, where the severance afterwards occurs in parturition.
In the outer layer, however, the glands are preserved in such a state as to be
<capable of restoration after parturition in that part of the mucous membrane.

The outer layer of the serotina is also the principal seat of the development
in the latter half of pregnancy of the largest or giant multinuclear cells, which
are characteristic of that layer in man, as well as in many animals. In connec-
tiu_n with these cells, it is proper to mention the important discovery made by
Friedlinder (No. 152), and confirmed by Leopold (No. 156), according to which it
appears that the main v of the serotina and the adjacent part of the uterine
wall undergo in the stage of pregnancy a process of gradual obliteration
by the ingrowth of the giant cells into the interior of the veins—a process which
begins in the eighth month, and goes on progressively up to the end of gestation,
and which seems to have the effect of producing stagnation and stoppage of the
passage of the blood through the veins, and may probably be a factor in the
induction of the act of parturition.

Placental Circulation.—The existence of a distinet circulation of blood in the
foetal and in the maternal vessels of the placenta, discovered by the Hunters, has
long been placed beyond doubt by the experimental investigations of all those
who have injected the two sets of vessels with sufficient care and success. By
artificial injections fluids can be made to pass from the umbsilical arteries through
the capillaries of the villi into the veins, or in the reverse direction from the
veins into the arteries. Nor does there ever occur, except from ascertained acei-
d““’{"'] rupture of the vessels, either extravasation of the injected material into
the intervening tissue, nor any escape into the maternal sinuses,

The result of artificial injection of the blood-vessels in the pregnant uterns
equally demonstrates the nature of the cireulation in the maternal part of the
placenta, for it is easy to show by this method that a flnid thrown into the
uterine arteries passes through the coiled vessels and fills all the maternal hlood-
spaces of the placenta, surrounding everywhere the chorionie or fwetal villi, and
returns thence into the uterine veins by the slanting venous channels, the uferos-
placental sinwses, lined with epithelium, which issue from the placenta at its

uterine surface by piercing the decidua serotina, and which are also very
VoL, IL iz
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numerous towards the cireumference of the organ, where they are in communica-
tion with the venouns plexus or so-called circular sinus. Some of these veins may
even be traced for some distance into the placenta, in the septa of decidual
substance, which are prolonged from the decidua serotina between the lobes.
(See Turner, Kdlliker, and others), ;

Separation at Birth and Restoration of the Uterine Membrane.—In the
act of birth a large part of the decidual structures which have Leen formed in
human uterogestation, including that which is strictly placental, the whole of
what remains of the d. reflexa and a considerable part of the d. vera. now fused
into one thin covering of the chorion, are separated from the utems. together
with the feetal placenta, the membranes, and all that belongs to the ovum.
Thus in parturition, by the effect of uterine contraction, the foetus is first ex-
pelled ; the detached placenta follows, and carries with it the inuer layer of
serotina, the coiled arteries and the slanting veins being broken throngh ; next
come the inverted membranes of the ovum, together with the remains of decidua
reflexa and part of the vera, which are finally peeled off the whole of the interior
of the uterus. On the uterine surface a part of the decidua vera remains,
and also the uterine decidua serotina lying next the muscnlar wall of the uterns,
In this layer are imbedded the remains of the convoluted uterine glands, which
extend ountwards into the substance of the muscnlaris mucose, These are
soon prolonged to the uterine cavity, a ciliated epithelial lining is formed on
the inner surface, and the natural structure of the whole membrane is thus
completely restored,

II. DEVELOPMENT OF THE SYSTEMS AND ORGANS OF
THE EMBRYO.

Tt will be convenient to treat of this, which is the most extensive
division of our subject, under the following sections, viz. :—1. The
External Form and Framework of the Body ; 2. The Nervous System ;
3. The Vascular System; 4. The Alimentary Canal and Associated
Organs ; 5. The Urinary and Generative Organs.

I, EXTERNAL FRAMEWORK AND WALLS OF THE BODY; THE
SKELETON, VOLUNTARY MUSCLES AND INTEGUMENTS,

In the most general morphological view of the development of the
external frame-work of the body, its parts may be regarded as being
moulded in certain definite relations according to the vertebrate type
upon the cerebro-spinal nervous centre and its containing cranio-vertebral
cavity, and in their commencement they present the form of hody-seg-
ments or somites, which in the trunk correspond in number with the
vertebrae, but in the head follow a somewhat different arrangement. It
will be convenient to begin with a short statement of the earliest phe-
nomena of the development of the embryonic axis.

1. FIRST RUDIMENTS OF THE EMEBRYO.

These consist mainly of four parts which, named in the order of their
commencement, are the primitive streak, the medullary canal, the noto-
chord, and the protovertebral somites. The first of these is essentially a

smporary and evanescent structure ; the third, round which the column

of vertebral bodies is formed, though also traunsitory, 1s smpowlmti more

gistent than the first ; the second and fourth, as the foundation of
important organs, may be regarded as permanent.
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1. The Primitive Streak or Trace.—The carliest indication of the
formation of the embryo is in the primilive streak which appears about
the twelfth hour of incubation in the chick, and on the seventh day in
the ovum of the rabbit, in that part of the embryonic area which, with

Fig. 677, —PraironM TRANSPARENT AREA OF Fig. 677.
iR CHICE'S BLASTODERM WITH THE
PRIMITIVE GROOVE, !

pr, primitive streak and groove ; af, am-
niotic fold commencing ; the darker shading
round the primitive streak indicates the ex-
tension of the mesoblast,

reference to the position of the em-
bryo, may be culm the hinder, and
which also is the narrower part when
the area has become pyriform. It
has not at first a linear or elongated
form, but begins as a comparatively
short sickle-like thickening of the
blastoderm at the margin of the
embryonic area, and subsequently
stretches inwards upon the area,
in the form of a narrow strap-like opacity, as previonsly described
ab p. 748, It is closely connected with the epiblast or upper layer, and
its formation seems to consist more immediately in a proliferation of
cells from the lower surface of that layer which results m the develop-
ment of the mesoblast or middle layer throngh the whole length of the
primitive streak, in which the epiblast and mesoblast are thus rendered
continuous,

Fig. 678.—EMBRYONIC AREA FROM THE OVUM OF A Fig. 678.
RABBIT OF E1GHT pAYS, P (From Killiker.) ;

ary, border of the embryonic area ; pr, primitive
nttuk' with groove. br} ;

In the course of its formation the primi-
tive streak acquires a groove, the primitive
groove, which arises from a depression in the

iblast at its upper surface. This groove

not usunally extend to either end of
the streak, but presents near its anterior
extremity most uently, but elsewhere
also and somewhat variably in birds one or
more depressions which are found to run
through the blastoderm and indicate an interesting relation of the
streak to the blastopore and neurenteric communication previously re-
ferred to (p. 759). The hypoblast takes no share in the produc-
tion of the primitive streak, but runs across the arvea free and flat
beneath it,

The primitive streak and groove were at one time confounded with
the commencement of the true cerebro-gpinal axis ; but it was shown by
the observations of Dursy in 1867 (No. 90), and has been fully proved
by His (No. 29, i.) and others following him, that it does not give rise
to any part of the nervous centre nor to any other important organ,

4n2
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but on the contrary, is in a t measure transitory and evanescent
In 1ts nature; for though at first it indicates truly the direction of the
embryonie axis, we shall find that it is thrust more and more backwards
by the medullary and vertebral rudiments as they progressively grow in
front of it, and it seems at last to be lost in the tissue below the caudal

Fig. 679,

T
T

Fig. 679.—TRARSVERSE SECTION THROUGH THE FRONT END OF THE PRIMITIVE STREAK
OF THE CHICK OF ABOUT 12 nmours, (From Balfour.)

pr, primitive groove ; m, mesoblast ; ¢p, epiblast ; Ay, hypoblast.

extremity of the embryo. Its real significance therefore lies mainly
in its relation to the origin and connection of the layers of the blasto-
derm and their apparent invagination at a period preceding the first de-
velopment of the cerebro-spinal nervous axis of the embryo,

Fig. 630. Fig. A80.—SuRFACE VIEW OF THE TRANS-
PARENT AREA OF A BLASTODERM OF 18
HOURS, S0MEWHAT DIAGRAMMATIC, (From
Balfour. )

pr, primitive groove, closed in front by
the coalescence of the two lateral ridges ;

e, medallary groove, having on each side

the medullary folds or ridges, A, which also

meet in front to enclose the groove, Lot di-

verge behind so as to enclose the primitive

streak ; in front the fold of the amnion is
cominencing.

2. Medullary or Neural Cen-
tre.—The first rudiment of the great
neural centre makes its appearance
gomewhat later than the primitive
streak, viz., in the chick about the
eighteenth hour, and in the rabbit’s
oviun on the seventh day. It takes
place entively within the epiblast or
outer layer, and depends on the
orowth of the cells of that layer in
the anterior part of the embryonic
area where it extends in the same
direction as the primitive streak so as to occupy that part of the area
left vacant by the lat:er.
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The medullary plates which result from the thickening of the epiblast

are at first comparatively short, corresponding mainly to that which will
- = . e =

nltimately become the cephalic part of the nervous centre. They soon,

Fig. AR1.

|

Fig. 631.—EMBRYONIC AREA, WITH OUTLISE OF THE VASCULAR AREA, FROM A RABBIT'S
OVUM OF SEVESX DAYS, T (From Kolliker.)

oo, vascular area; ag, embryonic area ; pr, primitive streak and groove ; rf, medullary
Broove.

however, elongate, and increasing in their thickness at the outer margins,
they rise into lateral ridges, which are separated by a groove or furrow,
while they run into one another, or are joined torether round the
cephalic extremity of the groove. Behind they diverge somewhat, and

Fig. 682, —DoRsAL VIEW OF A BLASTODEEM AXD
EMBEEYD CHICKE HAYING FIVE MESORLASTIC sOMITES.
(From Balfour.)
a.pr, anterior part of the primilive streak ; p.pr,

posterior part ; the medalliry ridges have come to-

goether in the greater part of their extent, but have
not yet united ; the candal swellings are visille on

!f‘.ll'll ."i. L" l"'ll ':-‘r"-'--

there they extend for some distance on either

side of the primitive streak, so as to enclose

nearly its anterior half between them,

As the formation of the medullary plates
and groove progresses, they extend more
and more backwards, so that the addition
of new substance in the primitive or axial
embryo takes place mainly by interpo-
sition between the part already formed and
the primitive streak. As they extend back-
wards the ridges also rise more dorsally so as to deepen the groove, the
cephalic part widens ont into a somewhat conical hollow. while the
spinal part remains of a more equable and smaller diameter.

In the next Blage, which is i‘ll]u[t]-'h'll h}' the 50th or 85th hour in
the chick, and the 9th day in the rabbit, the medullary ridees of the
f‘lJl”tllil-'i[ |J"Il*iillf.f round ||+-t'~'n|.|}' have met in the ]tlilH]l-l line above the
medullary groove, and there coalesce, at first in a limited space near the
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middle, and later both forwards and backwards, so as to effect the union
along the whole dorsal line, except at the hinder incomplete part. By
this union the medullary plates and groove are converted into the neural
or medullary tube, which constitutes the primary form of the brain and
spinal marrow.

> ey
Fig. 683,

Fig, 683.—TuANSVERSE SEC-
TION THROUGH THE EMBEYO
UF THE CHICK AND EBLASTO-
DERM AT THE EXD OF THE
¥irsT pay. Magnified from

¥ N : 40 to 100 times. (From

p wwh A dep dh Kolliker, )

I, epiblast ; dd, hypoblast; sp, mesoblast; Pp, medullary groove; i, medullary
plates ; ¢f, chorda dorsalis ; wwep, proto-vertebral plate ; wwh, commencement of divi-
tion of mesoblast into its upper and lower laming; between R and & are the dorsal
laming or ridges which by their approximation close in the medullary canal,

i -

Fig. 684,

Fig. 684, —TRANSVERSE SECTION OF AN EMBRYO CHICK IN THE LATTER HALF OF THE SECOND
DAY, AT THE PLACE WHERE THE VERTEDRAL SOMITES ceasE, % (From Killiker.)

rie, dorsel ridges: 2/, medunllary groove or canal beginning to close ; uwp, proto-
vertebral plate ; sp, lateral plate of the mesoblast ; X, epiblast ; dd, hypoblast; ae,
primitive right aorta ; sp, commencement of division of the mesoblast which forms the
body ecavity,

Fig. 685.

Pt

£l &r

-En‘ ir " :.d'.'l i'.‘h

Fig, 685,—TRAXSVERSE SECTION THROUGH THE EMBRYV( OF THE CHICK AND BLASTODERM ON
g sEcoxD pAY, (From Killiker.)

did, hiypoblast : ch, chorda dorsalis ; w0, primordial vertebrre ; sy, medullary plates ;
%, corneous layer or epiblast ; wwh, cavity of the primordial vertebral mass § 71y, meso-
hlast dividing at sp into Apl, parietal, and df, visceral Jaming ; wng, Wollfian dues
beginning in the intermediate cell-mass.

3. Notochord.— The third rudiment of the embryo is the chorda
dorsalis of von Baer or the notochord of more recent authors, which lies
in the axis of the vertebral column and cranial base. When somewhat
advanced, it extends throngh the forepart of the embryonic area from the
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anterior extremity of the primitive streak to the front of the medullary
canal ; but, except at its hinder end, it has no immediate connection
with the epiblast in which that canal is formed, and lies beneath it in
the place which is afterwards occupied by the bodies of the vertebrie

Fig. 686,

Fig. 686, —DIAGEAMMATIC LONGITU INAL SECTION THROUGH THE AXIS OF AN EMBRYO-CHICK.

{(From Foster and Balfour, )

The section is supposed to be made at a time when the head-fold has commenced, but
the tail-fold has not yet appeared. A, epiblast : B, mesoblast § €, hypoblast ; FSo, fold
of the somatoplenre ; FSp, folil of the splanchnopleure ; A, commencing (head) fold of
the amnion : NC, nenral canal, closed in front, but still open behind ; €h, notochonl,—
in front of it, uncleft mesoblast in the base of the cranium; 02, the commencing foregut,
or alimentary canal ; H¢, heart ; pp, plenro-peritoneal eavity.

and base of the craninm. When fully formed it is alzo separate from
the hypoblast which runs across below it.  From this it might u]r]palr at
first sight that it belongs to the mesoblast, by a part of which it is
somewhat later surrounded. But there are still :]luubts with respect
to its origin, that is, whether it is from the mesoblast or hypoblast. The
tormer view is held by Kolliker, and for the higher vertebrates is in

; Fig. 687.

ety B TIETEN COEN U Y ‘s

AT C bl b oY AT 4
SR oA g Dt

a. ky.

Fig. 687, —TRANSVERSE SECTIOX THROUGH THE EMBRYONIC REGION OF THE BLASTODERM
OF A CHICK AT THE TIME OF THE FORMATION oF THE ¥0TocHORD., (From Halfour.)

]ml'.l:nfll‘;':":ﬂ"‘; hy, hiypoblast ; ek, notochord ; me, mesoblast ; n, nuelei of the germi-

some respects tenable : but in elasmobranchs Balfour has found the
notochord to arise very distinctly from the lower layer by an actual
infolding of a linear strip of the cells of that layer, and he, as well as
some others, are disposed to attribute the origin of the notochord
in the amniota to a similar source.  With respect to this view,
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it is to be observed that the hinder end of the notochord is directly
continuous with the front part of the primitive streak where the
mesoblast and epiblast are united, and if it does spring from the lower
layer in front of that, it is still possible that in that situation the meso-
blastic elements have not yet heen differentiated from the hypoblastic
in the Trimit—h‘u lower layer.

In the ammiota the notochord is mainly cellular in structure ; but
in some of the lower vertebrates it becomes cartilaginous, and remains

Fig. 6838, Fig. 688, —BroT10¥ THROUGH THE HINDER PART
OF THE TRUNK OF AN EMBRYO-SHARK, To
SHEW THE STRUCTURE AND RELATIONS OF
A LARGE XoTocHORD. (From Balfour,)

spey spinal canal ; ek, notochord within its
sheath ; ao, aorta ; mp, muscle plate; vr, rudi=
ment of vertebral body. The figure is more
fully described elsewhere,

as a permanent substitute for the true
vertebral eolumn. 1t is enclosed in a
delicate, structureless, or enticunlar
sheath, outside which in the lower
vertebrates, but not in the amniota,
another sheath, viz., the elastic, is
formed. It is upon the surface of the
euticular sheath in the ammniota, and
between it and the outer or elastic
gheath in the lower vertebrates, that
the mesoblastic substance derived from
the inner part of the proto-vertebral
column is (f*lmitud to form the matrix
of the future vertebral bodies in a
manner presently to be described.  The notochord itself takes no direct
part in the formation of the cartilaginous or osseous vertebre ; but its
remains are to be found for a considerable time within the bodies of
the vertebrse and intervertebral plates, as described by H. Miiller
(No. 159), and others in the human feetus to a late period, and even
in the child after birth.

4. Mesoblastic or Protovertebral Somites.—There is still another
series of early developmental phenomena, which are nearly contempo-
raneous with the three previously referred to, and which, though not in
themselves immediately concerned in the production of axial rudiments,
are yet intimately associated with some of them, and have an important
bearing upon the whole after-history of development. Soon after the ap-
pearance of the medullary plates and groove, and before the commence-
ment of the closure of the medullary tube, there have appeared on each
side of the dorsal ridges a row of well defined, dark, quadrilateral
masses, situated in the adjacent column of mesoblast, and separated by
clear transverse clefts, or linear intervals.

These masses were for long looked upon as the rudiments of the
ermanent  vertebree, and were called the primerdial or proto-vertelre ;
Ll‘.lt they are now known to be of a more comprehensive nature, and
receive the appellation of mesoblastic or profovertebral somites.

In now proceeding to explain the relation of these transversely
divided segments to the other phenomena of development, we must
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recall the fact, referred to in the account of development in general,
that the great mass of the mesoblast is very soon divided longitudinally

Fig. 65880.—Eusryo-CHICK AT THE END OF THE SECOND DAY,
seex Froy pELOW, '} (From Killiker. )

Vh, forebrain ; Ab, primary ocular vesicles ; Ch, notochord ;

I, tubular heart ; om, vitelline veins ; Ve, entrance to the

of the alimentary canal within the eephalic fold ; in

the middle part of the embryo, the protovertebral somites are

seen (to the number of thirteen pairs) on each side of the canal
of the spinal marrow and notochord.

on each side into an inner thick column, in which
the transverse segmentation into somites more im-
mediately takes place, and which may be therefore
named the profovertebral eolumns, and into flatter
lateral plates, which again very soon become
divided horizontally into an upper, or parietal,
and a lower or visceral lamina, and have between
them on each side the body eavily, or pleuro-
itoneal space. At present we have mainly to
with the inner or protovertebral column,
The transverse cleavage of this column, giving
rise to the protovertebral ents or somites,
ins to appear very early at the side of the dorsal
idges, near the place where they embrace the
primitive streak—a region which the subsequent
condition shows to correspond with that of the

anterior cervical vertebree, But us the columns extend backwards, they
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Fig. 690.— TRANSVERSE SEOTION THROUGH THE DORSAL REGIUN OF AN EMBRYO CHICK OF
P S 46 mouns, (From Balfour.)

s epi 3 ypoblast ; Me, medullary canal ; Pr, protovertebra or mesoblasti
somite .;,.J Wi, Wolffian duct ; 5o, parietal mesohlast ; Sp, ;imarn.l mesoblast ; pp, plunr::'
periton mﬂ%}; ao, left primitive aorta; v, blood-vessels; 1, germinal wall ; ok
:ﬂuchuhl;np,plluuf]unﬂinnatmmutmdnmmm <
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continue to undergo the transverse cleavage, so as to give rise to an in-
crease in the number of the mesoblastic somites ; and by the time when
the medullary canal is closed, there are as many as ten or twelve of
them, This process goes on progressively from the cervical into the
dorsal, lambar, sacral and candal re ions, till & number is attained
which corresponds closely with that of the permanent vertebrie, in which:,
however, the posterior or caudal segments are comparatively late in
being formed,

The wmesoblastic segmentation is at first confined to the inmer or
protovertebral column, and it is most distinet in that part ; but in the

Fig. 6901, Fig. 9].—AREA PELLUCIDA AND RUDIMENTS oF
THE EMBRYO-CHICK OF THE SECOND DAY.
¥ (From Killiker.)

P, primitive streak and groove ; Rw, dorsal
or medullary ridges meeting in front; Rf,
medullary groove ; Stz, axial zone ; Pz, parietal
wone; Pz, two vertebral somites ; Ch, noto-
chord ; Vif, cephalic fold ; /), anterior in-
testinal fold shining through ; vAf, anterior or
amniotic fold ; Ap, area pellucida,

later development of the walls of the
trunk we slml] see that a somewhat
similar cleavage, or at least a differen-
tiation corresponding with it, extends
also into the parietal portion of the
lateral mesoblastic plates, so as to give
rise in them to the costal and inter-
costal divisions of the walls,

The protovertebral colomn is at
firgt solid, being composed of firmer
columnar cells outside, and looser
cellnlar elements internally.  Soon,
however, the somites become hollow
by the liguefaction of the internal
cells ; and it is held that their cavity
may be regarded as an extension of the general body cavity, or the
intermesoblastic space, which is so apparent and constant in the lateral
plates of the mesoblast (Balfour).

The mesoblastic somites by their further changes give rise to the
main constituents of the body wall or framework, that is, the rudiments
of the permanent vertebrae, and the muscular and dermal plates. These
changes consist mainly at first in the separation of a mesial or internal
part, in which the vertebral matrices are formed, from the outer parts
which are converted into the muscular and dermal plates in a manner
which will be more fully deseribed under their respective heads,

II. FORMATION OF THE TRUNE.

1. Vertebral Column.—It is from the inner part of the protovertebral
column before mentioned that the blastema of the permanent vertebra
is derived, the rapidly growing cells of which extending inwards and
upwards from the protovertebral column, surround the whole of the
chorda and the medullary canal with the first, or, as it has been called,
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the membranous matrix of the vertebrae previous to their cartilaginous

differentiation. .
The part of this substance which surrounds the notochord forms at

first a nniform or undivided tubular enclosure of the chord ; but sub-
sequently it shows transverse divisions corresponding to those of the
protovertebral somites. The matrices of the arches, which are con-
tinuous with those out of which the bodies are formed, extend dorsally
round the medullary canal and between it and the superficial epiblast.
s0 as gradually to enclose the neural canal. These rudimental neural
arches are from the first separate or in distinct strips, and thus intervals
are left between them for the spinal ganglia and nerves which grow ount
from the nervous centre.

Fig. 692.

Fig. 602, —TaANSVERSE SECTION 07 AN EMBEYOD EABMT 0° § DAYS AND 2 HOURS IN THZ
MIDDLE DORSAL nEdox, % (From Kiilliker.)

mr, medullary tube ; ww, protovertebral mass ; &, epillast ; Ap, parietal mesoblast ;
dfp, visceral division of the wesoblast ; pp, pleuro-peritoneal cavity between them ;
ung, primitive segmental duct ; 5, vessels in the viseeral mesoblast ; eh, notochord ;
elr, intestinal groove of the hypoblast.

The next step in the formation of the permanent vertebrse is the
chondrification or conversion into cartilage of the primitive or mem-
branous matrix. This takes place nearly simultaneonsly in the bodies
and arches, and is found on the fourth day in the chick, and the eleventh
or twelfth day in the rabbit, and probably in the fourth and fifth
weeks in the iunmn embryo. In the process of chondrification the
position of the divisions between the arches remains the same as in the
original or protovertebral segmentation ; but it is a remarkable fact,
discovered by Remak (No. 25), that in the bodies the chondrification is
accompanied by a change of such a nature that the separation of the
permanent bodies comes to be effected by a new series of clefts, so
situated between the former or protovertebral divisions as to canse the
permanent intervertebral intervals of the bodies now to fall opposite to
the neural arches and muscle plates, and the middle parts of the bodies
consequently opposite to the pl]m:u of the original protovertebral clefts,

While the chondrification of those parts of the vertebral matrices
which are to form the bodies is proceeding, a differentiation of the
blastema in the interspaces leads to the development of the fibrous
substance of the intervertebral discs or lignmentous plates. And here
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it is right to mention the changes of form in the notochord which are
coincident with the formation of the parts surrounding it.

Fig. 603. Fig. 603,—CERVIOAL PART OF THE PRINITIVE VERTEERAL
COLUMN AND ADJACENT PARTS OF AN EMBRYO CHICK
OF THE SIXTH DAY, SHOWING THE DIVISION OF THE
VERTEBRAL SEGMENTS, (From Killiker after Remak. )

1. 1, chorda dorsalis in its sheath, pointed at its
upper end ; 2, points by three lines to the original in-
tervals of the primitive vertebre ; 3, in a similar manner
mdicates the places of new division into permanent
bodies of vertebre ; ¢, indicates the body of the first
cervical vertebra ; in this and the next the primitive
division has nearly disappeared, as also in the two lowest
represented, viz., d, and the one above ; in those inter-
mediate the line of division is shown : 4, points in
three places to the vertebral arches ; and 5, similarly
to three commencing ganglin of the spinal nerves: the
dotted segments outside these parts are the muscular
plates.
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The notochord does not continue to grow
as a whole in the same degree as the perma-
nent vertebral parts, but on the contrary the
greater part of it is in the higher vertebrate
animals greatly rednced in proportional size, and constricted almost to
a lineal filament in the most of its length. In each vertebral segment,

Fig. 694. Fig. 604, —TRANSVERSE SECTION OF EARLY EMBRYO OF
ey PRISTIVRUS (ELASMOBRANCHS), (From Balfour,)

ne, neural canal ; pr, posterior root of spinal nerve ;
x, subnotochordal rod ; wo, aorta ; se, parietal meso-
blast ; #p, visceral mesoblast ; mp, muscle-plate; myp',
portion of muscle-plate converted into muscle ; Vi,
- portion of the vertebral plate which will give rise to
% iz the vertebral bodies ; al, alimentary canal,

o P

&1 "?"  however, it presents dilatations or thicken-
ings which differ somewhat in form and
position in different animals according to the
manner in which the permanent vertebree are
formed.

In mammals the constricted parts of the
chorda are situated within the vertebra, and
the principal dilatations are in the inter-
vertebral spaces, where they widen out con-
siderably, and seem to form the basis of the
pulpy or gelatinous substance which occupies the centre of the discs
(Luschka, 1856, Kdlliker).

In osseons fishes the dilatation is also intervertebral, and the growth of the
chorda proceeds to such an extent as to give rise to the large double cone of soft
and gelatinous substance which occupies the conical hollows of the biconcave
vertebral bodies. But in birds, reptiles, and amphibin, the dilatations of the
notochord are within the bodies of the vertebrse, and as in these animals articular
cavities are developed between the vertebra, the vestiges of the notochord very
soon disappear from the intervertebral spaces, while they remain much longer
vigible in the bodies (Gegenbaur).

In mammals, therefore, the cartilaginous matrix of each vertebral body (and
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the first subsequent ossification) begins in the centre immediately round the
constricted part of the notochord : but it is also to be noted that within each

Fig. 695, —SEcTIoNs OF THE VERTEBRAL COLUMN Fig. 695.

OF A HUMAX FETUS OF EIGHT WEEKS,
(From Kalliker.)

A, tranverse longitudinal section of several
vertebrre, 1, 1, chorda dorsalis, its remains
thicker opposite the intervertebral discs ; 2, is
placed on one of the bodies of the permanent
vertebrie ; 3, on one of the intervertebral
dises,

B, transverse horizontal section through a
part of one dorsal vertebra. 1, remains of
the chorda dorsalis in the middle of the body ;
2, arch of the vertebra ; 3, head of a rib.

vertebra, at a somewhat later period, two
emall dilatations in the narrow part of the
notochord are to be observed, opposite
the intervals between the central ossifying
nnu;euslndt-ha epiphysial plates (see fig.
i

In birds, reptiles, and amphibia, on the
other hand. the formation of cartilage and
the subsequent ossification of the vertebral
bodies begin at the intervertebral surfaces,
and extend from thence inwards upon their
central part.

The neural arches of the vertebrme arise
from a thin sheet of blastema which extends dorsally from the protovertebral
columns on each side, and the two sheets, meeting each other mesially along the
back (membrana reuniens superior of Remak), completely enclose the medullary

Fig. 696.—D1acrAM TO SHOW THE POSITION OF THE Fig. 696.
ENLARGEMENTS OF THE NOTOCHORD IN PASSING
THROUGH THE VERTEBRAL coLumys. Half the
natural size. (After Killiker, A.T.)

: ch, uﬂnchmﬂw p].l;“h bodies of two vertebrm ; iv,
nterverte with the wide enlargement of

the notochord ; &, ossific nucleus of the bodies of

the vertebrme ; e, slight dilatations of the noto- &
chord oppesite the epiphysial plates,

canal. This takes place on the third day in
the chick, and is therefore considerably later
than the investment of the notochord with the sy !
vertebral elements of the bodies, g\

The membranous investment of the me-
dullary canal doubtless contains the elements
not only of the neural vertebral arches, but also
those of the dura mater and other coverings Z
of the central nervous organs, This invest-
ment does not however form a complete tube,
but is interrupted or open at the intervals
occupied by the spinal ganglin and nerves

from the medullary centre, When

chondrification of the vertebral matrices takes
place the neural arches are found to be eonneccted and at first continuous with
ﬂ_lﬂ forepart of each vertebral body as reconstituted by the seconldary transverse
division, the intervals for the spinal nerves and ganglia being opposite the
posterior part of the bodies and the intervertebral plates,
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The history of the further development of the vertebral column belongs rather
to that of the ossification of its several parts, which has been described in the
first volume. It may be stated in addition here that in the human embryo the
process of chondrification of the bodies begins between the fourth and fifth
weeks (Killiker), and is already completed by the sixth or seventh, soon after
which ossification commences. In the arches the chondrification is about a week
later in commencing, mt the ossific deposit, which begins in the eighth week, is
slightly earlier in them than in the bodies.

The whole number of cartilaginous vertebral matrices varies from 33 to 35,
there being occasional subordinate variations in the number developed in each
division of the trunk, The maximum number of coceygeal pieces is six accord-
ing to E. Rosenberg (No, 166).

The formation of cartilaginous matrices for the vertebral arches beging first
in those of the dorsal region, and extends from thence forwards into the cervieal
vertebr: and basis of the skull, and backwards into the lumbar and szacral
vertebrme ; but the dorsal extemsion of the cartilaginous matrix ceases to he
formed in the hinder sacral and coceygeal vertebra: where these arches are
afterwards deficient.

Rathke first showed (No. 14, ii., 1839) that the body of the Atlas vertebra is
merged in the odontoid process of the second or axis vertebra ; and that in the
tortoise the chorda runs through the odento-oceipital ligament, This was con-
firmed for mammals by Joh. Miiller, and later by Robin and Hasse, According
to some the anterior arch of the atlas might belong to the subeentral or hmmal
series of arches; but it would appear that the homology of this part is not yet
fully determined,

2. Ribs and Sternum.—As completing the skeleton of the trunk of
the body, it will be convenient to describe here the development of the
ribs and sternom.

The ribs are extensions of the vertebral blastema in the thoracie
parietal plate of the mesoblast ; and their matrices are at first con-
tinnous with those of the vertebree. They undergo early chondrification
along with the vertebre, but become separate from them before ossifica-
tion commences. At their ventral extremities, as was first shown by
Rathke in 1838 (No. 158), the seven which are afterwards to be sternal
ribs of each side come to be united together by a longitudinal strip of
cartilage ; and the subsequent union of these two strips from before
backwards gives rise to a single median piece of cartilage, which repre-
sents the manubrium and body of the sternum. The xiphoid cartilage
is of later formation. (See Parker, No. 161.) This mode of origin and
development of the sternum is interesting in connection with the
malformation of fissure or median division of that bone which has been
observed in many different gradations,

3. Muscle Plates and Muscles.—The muscles of the trunk
derive their origin from the muscle plafes, which are developed
in the upper and outer part of the protovertebral column, in which the
primary segmentation of the mesoblastic somites remains quite dis-
tinct. When the inner part of the protovertebral column has extended
itself into the vertebral matrices of the bodies and arches (as before
described), the muscle plates are found to consist of two lamine, an
inner and an outer, between which there is a space which is said to be
in communication at first with the body cavity. This space is necessarily
subdivided for each muscle plate. As development proceeds, however, the
opening into the general body cavity being closed, l:hE: onter and inner
layers of the plates lie more nearly applied together.  The process of con-
version into permanent muscular tissue by differentiation of the cells
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has been shown by Balfour to begin first in the inner layer. (See fig.
694 and 698, mp',)

The plates somewhat overlap one another ; and connective tissne is
deposited in the intervals between them, which in the lower animals is
the basis of permanent intermuscular septa, and in the higher of tempo-
rary structures of the same kind, and of the perimysial sheaths, &,

Fig. 697.

Fig. 607. —TRANSVERSE SECTION THROUGIH THE MIDDLE OF AX EMBEYO-CHICK OF THE
THIRD DAY, WITH oPEX AMNION. %, (From Killiker.)

af, fold of the amnion consisting of &, epiblast, and parietal mesoblast ; al, lateral
fold of hypoblast and visceral mesoblast ; wap, musele-plate ; wich, remains of proto-verte-
bral cavity ; v, vena cardinalis ; wy, segmental duet ; wl, segmental tube ; p, peritoneal
eavity ; «fp, visceral mesoblast with vessels ; dif, hypoblast and intestinal groove.

In the progress of growth the muscle-plates extend to near the middle
dorsal line ; they reach also downwards in a ventral direction, and in

. GOR

Fig. 698. — Homzoxran sEcTiox i e
THROUGH TUE TRUNK OF AN EARLY
EMRRYO OF SOYLLIUM, PASSING
THROUGH THE X0TocHoRD, (From
Balfour. )

ch, motochord; ep, epiblast; wr,
rudiment of vertebral body ;  wp,
muscle-plate ; mp', portion of musele-
plate already converted into longi-
tudinal muscles,

under the vertebral bodies, and they pass into the walls
m externally, and thence ultimately iul;rf tl?e limbs. Wdle
.. Both layers of the muscle-plate are converted into muscles, hut while
it 18 undoubted that all the voluntary muscles proceed more or less
directly from the mesoblast and probably from the muscle-plates, it is
still tlluuul:.mned by some whether the hypaxial as well as the epaxial
muscles proceed from this source alone,

In the early stages of muscular development in the amniota the tom
divided by transverse intermuscular septa, and thus retain much uf':H: uhuxc?:;
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of protovertebral segmentation which is familiar as a marked feature of their
structure in the lower vertebrates,—a fact of great morphological significance,

The formation of the longer muscles in the higher vertebrates takes place by
the disappearance of the intermuscular septa and the longitudinal union of the
fasciculi of successive myotomes, In the trunk the direction of these, especially
of those most closely attached to the vertebral skeleton, remains for the most
part longitudinal, but the more superficial muscles, and especially those con-
nected with the limb-girdles, change their direction as well as their form to a
great extent,

According to Balfour, the length of each muscular fibre derived from one of
the cﬁa of a muscle-plate is equal to the breadth of the myotome in which it is
situated.

The division of the trunk muscles into an npper or dorso-lateral and a lower or
ventro-lateral group by a horizontal septum, extending outwards from the trans-
verse processes of the vertebre and corresponding with that which belongs to the
Jateral line of the lower vertebrates, is only faintly indicated in the adult of the
amniota.

4. Body Walls.—Along with the changes now mentioned as leading
to the formation of the principal parts constituting the framework of
the vertebrate body, there is to be noticed a later series of phenomena
which are more immediately related to the production of the outer walls
by which the visceral cavities and viscera are enclosed.

The parts hitherto described, which are mainly axial, lie prone and
comparatively flat upon the surface of the yolk, and they are also chiefly
formed by folding and differentiation of the two upper layers withont any
direct participation of the hypoblast, which passes thin and flat across
the embryonic area below the medullary canal and notochord. But in
the further progress of development, and in part simultaneously with
the changes already deseribed, the inflection of the peripheral parts of
the blastoderm downwards or in a ventral direction, along with their
extension and thickening, gives rise to the formation and enclosnre of
the thoracie, abdominal and pelvic cavities of the trunk.

The first of the folds now referred to, named the cephalic, begins to
be formed much earlier than the rest, indeed its rudiment is to be
perceived very soon after the appearance of the medullary plates and
aroove. It involves all the layers of the blastoderm, and is of such a
nature as to pass downwards on each side, and gradnally progressing
backwards, to enclose a space within the layers which, as 1t is lined b
the hypoblast, necessarily comprehends a %urb of the alimentary canal.
This fold also encloses the rudiment of the heart when that organ comes
to be formed, extending backwards below the cephalic part of the
embryo as far as the fovea cardiaca, and closing in the cephalic part of
the alimentary cavity anteriorly by the inflection of the three blasto-
dermie layers below the primitive brain or craninm.

Somewhat later a similar inflection of all the layers occurs ab the
caudal extremity of the embryo, but this is much shorter than the
cephalic fold, and includes thercfore a comparatively small portion of
the alimentary canal, viz., the caudal and primitive cloacal part, which,
like the anterior, is at first completely closed by the inflection of the
layers. (See fig. 660.) : ;

Between the cephalic and caudal folds, that is, along the sides of the
axial embryo in the greater part of what afterwards becomes the ab-
dominal cavity, the walls of the body also undergo a downward inflec-
tion, and as these are continuous before and behind with the cephalic



BODY WALLS. 501

and caudal folds, the place of their meeting, from being at first a wide
and elongated gap between the cavity enclosed in the embryo and the
yeri})h parts of the blastoderm, mes at last, by the gradual
infolding of the edges bringing them more and more together, the
narrower constriction which, from its later relations, is named Umbilical.

As, however, the infolding parts are everywhere composed of the
parietal and visceral plates separated by the body mvitf*, we have to
distinguish, in the umbilical constriction, the outer wall of the body
formed of epiblast and parietal mesoblast, from the wall of the alimentary
canal composed of visceral mesoblast and hypoblast.

Beyond the umbilical constriction the onter or parietal plate is in
continuity with the amnion, and the deeper or visceral plate, when the
intestine asswmes a tubular form, is continucus with the yolk sac.

It thus appears, as was first shown by Von Baer, as the result of the
earlier changes of vertebrate development, that there are formed two
main tubular cavities, the one above the other below the notochordal
axis ; the uprr being the cranio-vertebral, enclosing the great nervous
centre, and the lower being the visceral cavity, in which the alimentary
canal, heart, lungs and other nutritive organs are contained.

There is not at first any marked distinction between the head and the
trunk in the axial part of the embryo, nor is there apparent any neck or
cervical constriction. The changes which lead to this distinetion are of
later occurrence, and will be considered hereafter in connection with the
description of the development of the head. Here it will suffice to state
that the typhaligdpart of the axial body is at first only cranial, and that
the face is formed later by the outgrowth of various {mm and processes
round the sense-capsules, mouth and pharynx, and mainly from the
anterior and ventral aspects of the cranial part.

The eandal extremity of the embryo always consists of a prolongation
of the vertebral column containing the notochord and covered by the
usual epiblast, This extends beyond the place of the primitive candal
fold, and consequently the hinder part of the alimentary canal and organs
connected with it fall short of the extremity of the tail,

The tail of the embryo is the seat of an incurvation which is most
commonly ventral, but is sometimes combined with torsion, as is seen
n a remarkable degree in serpents and in various degrees in other animals.,

H. Flexion and Torsion of the Embryo.—Simultaneously with the
ccourrence of the early formative changes before adverted to, there
take place others which affect the external form and attitude of the

Fig. 699, —LoXGITUDINAL SECTIOX THROUGH THE Fig. 699,
HEAD OF AN EMBAYO OF FOUR WEEKS, (From

Kolliker,) 1

v, anterior encephalic vesicle, cerebral portion:
%, interbrain ; m, midbrain; &, mrebdlup:u : n:
medulla uhlon,gﬂ._u : no and a, optie vesicle ; o,
auditory depression ; ¢, centre of basi-cranial
flexure ; £, lateral and hinder parts of tentorium;

p, the fold of epiblast which f -
physis cerebri, v ko e

embryo.  These congist mainly of
:!:ree kinds of flexure and inm{rva-
lon accompanied by various degrees of growth in the proportion

: nied 8 of
the parts in- which they take place. The first may lI:e ﬂﬁmed the

YoL. II. R
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principal cephalic flexure, and consists in a strong angular flexion of the
cranial cavity in a ventral or downward direction in the region of the
midbrain and sella turcica of the cranium. The second is, in birds, a
more extended curvature of the vertebral column in the region of the
neck and thorax, but in mammals more frequently in the lower cervical
region only, such as to bend together the head and trunk of the body.
The third inflexion is of a different nature from the first two, usually

Fig. 700,—OvuTLINE 0F THE EMBAYO-CHICK AT
THE END OF THE THIRD DAY, TO SHOW THE
INFLECTIONS OF THE BODY AND THE CoM-
MENCEMENT oF THE LiMps, (After His))

1 to 5 the cerebral vesicles ; &, the mouth ;
mm, the lower jow, and behind that the branchial
bars and clefts ; au, the anditory vesicle ; /i, the
heart ; ae, anterior extremity ; pe, posterior ex-
tremity ; the hinder part of the hody is still prone
upon the surface of the yolk, the head is now
lying on its left side and between is seen the
Emgfﬂ torsion of the wertebral column and
trunk.

preceding them in its commencement,
and is more marked in birds and reptiles
than in mammals ; I;hmlgh it also oceurs
in some of the latter animals. This, as
seen in birds, consists in a torsion of the
embryo on its axis to the extent of a
quarter of a circle, by which, beginning
from the head, the embryo, from being
at first flat and prone, comes eradually
to have the left side lowest and applied
: to the blastoderm. In rare instances
t!:iﬁ direction of this torsion is reversed, and the embryo lies on its right
alie,

This torsion is not so constant in mammals as in birds, and it not
unfrequently happens that along with the ventral incurvation of the
body, the forepart, notched off from the rest of the blastoderm, sinks
deeply into a hollow on the surface of the yolk.

T'here are, however, many differences in the early attitude of the
embryo of mammals in connection with the varieties in the form and
size of the yolk sac and other membranes.

III. ORIGIN AND FORMATION OF THE LIMES,

The limbs arise as outgrowths from the lateral part of the trunk in
determinate parts of the thoracic and pelvie regions, and, thongh not
presenting any original protovertebral segmentation, are in some respects
to be regarded as lateral extensions of vertebral somites in these situations.
They make their first appearance after the completion of the primary
steps in the development of the axial structures of the trunk, about the
end of the third day in the chick (see fig. 700), and in the third and
fourth week in the human embryo. They have the form of semilunar
plates of parietal mesoblast covered with epiblast, budding out as 1t were
from the lateral ridge, near the line of separation of the mesoblast mto
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its parictal and visceral laming, and close to the outer margins of the
muscle-plates. " ‘ k i

Each limb consists of the supporting arch or girdle, thoracic or pelvie,
which is sunk in the substance of the lateral ridge, and makes little or
no appearance externally, and of the free or projecting part which is at
first quite simple, but soon becomes divided into the distal, middle and
proximal segments.

Fig. 701.—LATERAL VIEW OF HUMAN EMRRYO Fig. 791
BETWEEY THREE AND FOUR WEEKS, TO SHUW
ik coMmescine gxrremmies,  (AT.)

am, the amnion surrounding the embryo ;
up, umbilical vesicle; al, allantoid pedicle ;
ae, anterior extremity ; pe, posterior extremity ;
the Wolifian ridge passing between them.

The lappet or bud which first shows
itself appears to correspond most nearly
with the distal segment comprising the
hand or foot, the other two segments
being snccessively developed between
it and the root or girdle at an early

iod, The new part shows itself first
mhe notched separation of a segment between the terminal one and
the side of the body, corresponding to the forearm or lower leg, and
this is followed by the development in a similar manner of the proximal
ent, the n arm or thigh.

ﬁhﬂa these changes in the limbs oceur, other advances in form and
structure are discernible, first, in the appearance of four slight notches
in the free margin of the distal segment, indicating the commencement
of the pentadactylar division into the elements of fingers or toes, the
formation of which is even more marked by the differentiation of the

Fig. 702.—OuTLisEs oF THE ASTERIOR Fig. 704,
EXTREMITIES OF HUMAN EMBRYOES AT
pirrEnEST Ak, (AT, after His )

A, at four weeks ; B, at five weeks ;
(", at seven weeks ; D), at nine or ten
weeks,

deeper substance of the distal
gegment ; second, in the occur-
rence of an inflection between
the middle and ﬂ}mmimnl Bew-
ments, the hollow of which in the
fore-limb looks forward, and in
the hind limb backwards with
relErei:iu:d to the Iit:iﬂ of the trunk ;
and third, in the rapid
of the decper text-ugnl E’tﬂ'&mn-
tiation which leads to the de-
velopment of the geveral components of the limbs, such as the skeletal,
muscular, dermal, nervous and vascular parts.

The rudimentary limbs consist at first entirely of a mass of nearly

3r3
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uniform blastemic cells derived from the parictal mesoblast, covered
superficially by the cuticular epiblast, which always presents at its
1:_}:%:1:?:,-1]::&bgr a peculiar pointed or conical cap of thickened epidermis. (See
g. 703,
The development of the parts of the limb now referred to, both in its
larger features and in its histological characters, is usnally somewhat
more in advance in the anterior than in the posterior extremities.

Fiz. 707

Fig. 703. —TRANSVEREE SECTION OF THE BODY OF THE CHICK AT TUE LEVEL OF THE
ANTERIOR EXTREMITIES. (From Remak.)

am, amnion in its eephalic fold ; ep, epiblast ; sm, parietal mesoblast ; em, visceral
mesoblast ; sp, spinal marrow ; gn, spinal ganglion and _nerve roots ; mp, muscle-plate ;
dp, dermal plate ; ch, notochord, with vertebral matrix round it ; @, aorta (the two
uniting into one) ; ve, cardinal veins; w, mesentery and jﬁ"nlfﬁnn bodies ; @e, anterior
extremities composed of mesoblast, m, and covered with epiblast thickened at the point ;
i, intestinal canal open below into the yolk sac ; Ay, hypoblast.

Attitude and position of the Limbs.—From the manner in which the
primary lappet or limb-plate grows from the side of the axial part of the trunk,
it is obvious that at first it must present a dorsal and a ventral surface, corre-
gponding respectively with those of the embryo body, and if we trace the subse-
quent changes which bring out the features of the later form, we shall find them
such as to show that the original dorsal aspect is the extensor and the ventral
aspect is the flexor surface of the limb ; and further that when the distinetion of
the subordinate parts begins to be established, the thumb and great toe, reckoned
in deseriptive anatomy as the first of the series, and corresponding with the radial
and tibial borders of their respective limbs, are directed forwards or preaxially,
while the fifth toes, with the ulnar and fibular borders of their respective limbs,
are directed backwards or postaxially. .

As development proceeds, the two primary lappets, from being at first simple
lateral extensions from the trunk, come to be folded ventrally or against the
body of the embryo, the anterior with something of a backward, and the posterior
with a forward direction. But they have now also undergone other changes, by
which the attitude of the distal segments is affected differently in the two limbs,
in this respect, that in the fore-limb the flexure between the proximal and the
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middle segments is directed forwards or ventrally, while in the hinder limb it is
in the reverse direction, that is backwards or dorsally. In the human body this
flaxure does not involve any considerable departure from the original relation of
the extensor and flexor surfaces to those of the trunk, although in the adult it
may appear to do so in consequence of the limb hanging somewhat obliquely in
a direction parallel to the main axis of the trunk, But in the hind limb it is
obvious that there must be from an early period a certain amount of rotation of
the whole limb or from the hip-joint downwards, which brings the extensor
surface of the thigh, lower leg and foot forwards, and carries the flexor surface
of these parts backwards,

Fig. 704 . — Draoramumaric
OUTLINE OF THE PROFILE
YIEW OF THE HUMAN EM-
BRYD OF AROUT SEVEX
WEEKS, TO SHOW TIE PRIMI-
TIVE RELATIONS OF THE
LIMBS TO THE TRUNK.
(Allen Thomson. )

7, the radial (preaxial),
and w, the ulnar (postaxial)
border of the hand and fore-
arm ; ¢, the tibial (preaxial),
and f, the fibular (postaxial)
border of the foot and lower '

Jeg. (The foot is represented at a somewhat more sdvanced stage than the rest of the

embryo. )

In quadrupeds, however, it is different ns regards the fore-limb, for in them,
while there is the same kind and degree of rotation in the hind-limb, equal to a
quarter of a circle, as in man, there is also a rotation of the humerus outwards,
and frequently a forward displacement of the upper end of the radius with more
or less complete pronation of its lower extremity, which brings the palmar aspect
of the fore-limb towards its original ventral position ; this becoming most com-
pletely restored when in the state of extension more or less of the forefoot
supports thahod_]-nn the ground. In this the pollex, like the hallux, is placed
towands the mesinl side. This rotation of the fore-limb, amounting in all to half
a circle, is made up of an outward rotation of the humerus at the shoulder-joint
and an inward rotation of the fore-arm at the elbow-joint. -

In the development of the several deeper components of the limbs it
is to be observed in the first place with respect hﬁhe skeleton, that the
formation of the bones with their accessory parts takes place by a
primary differentiation of the blastema into cartilaginons matrices and
fibrous or membranous parts, and the subsequent calcification of the
cartilages and subperiosteal ossification, in the manner fully described
;1]1 tﬁ;&smh;guﬁﬂ part of thiJ:n votigmn (p. 101), to which, as well as to

e ry of the progress of ossification in the several bones, given i
the first volume, the reader is referred, oo

It may be further stated here that in all the bones of the limbs, with the
exception of the t-urminu_.l phalanges, the processes of cartilaginous calcification
and true u-iﬁgn.tiun begin at the middle and extend thence towards the ends of
the bone-matrices, but in the terminal phalanges these processes commence in
the distal ends and proceed from thence inwards upon the rest of the bone-
:,];:md m of.t mmhla morphological significance with reference to

on o omologies of the terminal elements i
t.h; lower n?;ta;am (Dixey, No. 172)) % e iaen
t may mentioned here that it has been found by Henke and Revh
(No. 165) that in the human embryo of the seventh and eighth weeks t.he{a?:
a distinct cartilage, representing the os centrale of animals, placed between the
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gcaphoid, magnum and trapezium eartilages, but this central cartilage gradually
di:miniahes and passing dorsally disappears in the course of the third month,
without either uniting with any of the neighbouring bone-matrices or under-
going ossification,

Muscles.—With respect to the muscles of the limbg, it seems still
doubtful whether they proceed directly from the muscle-plates, which it
is admitted reach the root of the limbs by their outer mf , or whether
they arise locally. It may be that the museles take their origin in both
of these modes, the trunk-museles which are attached to the limbs
being most probably formed in connection with the muscle-plates.

The Joints.—The differentiation of the blastemic tissues into the
parts which are to form the joints takes place at the same time that the
primary chondrification shows itself for the formation of the bone-
matrices, and is coincident also with the commencement of the peri-
chondrium and the fibrous and vascular osteogenic elements. There are
at first no joint-cavities, and the fibrous or connective tissue, forming a
sort of articular plate between the bone-matrices, may therefore be said
to unite them by syndesmosis. But very soon, or in the human embryo
of from seven to eight weeks, when chondrification is complete, narrow
glits make their appearance in the places of the futare joint-cavities, and
the fibrous structures retiring from the interior towards the surface, the
cavities undergo enlargement into their permanent form,—a process
which approaches completion in the human embryo of four months.

The ligaments are developed from the remains of the fibrous matrix,
in connection with the earlier perichondrium which becomes converted
afterwards into permanent periosteum.

Nerves and Blood-vessels.—1'he nerves of the limbs probably
differ from their other constituents as recards their origin, in this
respect, that they are prolonged into the limbs by extension from the
nerve-roots which emanate from the spinal marrow. Similarly the blood-
vessels of the limbs arise to some extent by prolongation {rom those of
the trunk ; but no doubt there are also many blood-vessels formed locally
or within the mesoblastic tissue of the limbs ; and it is not known to
what extent the growth of the nerves in the peripheral paits of the trunk
and limbs may be due to a similar local development.

IV. EXTERNAL COVERING OF THE EODY AND LIMBE.

The epiblast which is not employed in the formation of the nervous
centre or other deeper parts remains as the source of the epidermis and
its appendages. This covers all the external surface of the body and
penetrates into such cavities as the mouth and nasal fossee, &e., whose
surfaces are in original continuity with it. Besides the two layers dis-
tinguished as corneous and mucous in the epidermis, it gives rise to
the hairs and nails, and the teeth of mammals, to the feathers of birds
and to the scales and horny plates of these or other animals. It is,
however, closely united with the subjacent del'ml.'i'fd tissue, from the
blood-vessels of which the materials for its formation and that of its
appendages are derived. )

The true skin or dermis, of a much more complex structure, is formed
entirely from mesoblast, and arises in close connection with the muscular
plates. The fascize and connective tissues spring from the same source,

The ecellular structure of the sebaceous and sudoriferous glands, and
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also of the mammse, is all of true epiblastic origin ; but their blood-
vessels, connective tissue, and other superadded parts are derived from
mesoblast.

V. FORMATION OF THE HEAD.

The distinction between the head and trunk by the formation of a
cervical constriction is a change of comparatively late occurrence, but even
lunﬁlhefure this constriction appears, the characteristic features of the parts
in these three regions have become apparent. The head may be said to
consist at first wholly of the cranial part,—the face being devel at a
later period from a series of outgrowths or bars which proceed down-
wards and forwards from the base and front part of the cranium. The
head in its primitive cranial form is, of course, covered externally like
the rest of the body by the epidermis derived from the epiblast, and
between this and the primary medullary wall of the great nervous centre
a layer of mesoblast 1s soon in from which originate the cover-

A Fig. 705. B

2 -‘ﬁi‘:'-f"-J:""i':'f-Lif'i'.-'f""
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Fig. 705.—VERTICAL SEOTION OF THE HEAD IN EARLY EMBRYOES OF THE RABBIT.
Magnified. (From Mihalkovies. )

A. From an embryo of five millimetres long,

B.  From an embryo of six millimetres long.

In A, the faucial opening is still closed ; in B, it is formed ; ¢, anterior ecerebral
vesicle ; me, meso-cerebrum ; mo, medulla oblongata ; m, medullary layer ; if, infundi-
bulum ; am, amnion ; spe, spheno-ethmoidal, be, central (dorsum sellse), and spo, spheno-
occipital parts of the basis cramii; A, heart; f, anterior extremity of itive ali-
mentary canal and opening (later) of the famees; i, cephalic portion of primitive
intestine ; ch, notochord ; py, buceal and pitnitary involution.

ings of the brain, the muscular plates, the cartilaginons and bony
clements, the true skin, the connective tissue, blood-vessels, and other
components of the more advanced cranial walls. This mesoblast may
be regarded as a cephalic prolongation of the protovertebral plates of the
trunk, but as we shall see hereafter without undergoing obvious meta-
meric segmentation.

The notochord, as already stated, extends for some distance into the
base of the cranium, and is there imbedded in a mass of tissue, the -
vesting mass of Rathke, which afterwards becomes the parachordal car-
tilages forming the principal matrix of the future bony walls of the
cranial base, as far forward as the sella turcica. From ‘this place the
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cartilaginous rudiments are continued forwards in two more or less united

bars named the trabecule erandi by Rathke, and having a space between

them posteriorly which is afterwards the seat of the pituitary gland.

The trabeculee streteh forward until they reach the region of the olfactory
its, and enclose that depression on each side with the nasal cartilages
eveloped from them in front.

The basis eranii in this view may be considered as composed of a
posterior chordal part the oceipito-sphenoid, and an anterior achordal
part the spheno-ethmoid.

The facial part of the head, on the other hand, is mainly composed of
plates or bar-like growths from the front and sides of the base of the
cranium which may be distingnished as of two sets, according as they
are placed in front of or behind the mouth or buccal cavity. But the
mouth as we know it at a later period, either in the form of a cavity of
the face or as the anterior aperture of the alimentary canal, has at first
no existence, the anterior extremity of that canal being closed by the
original cephalic fold of the blastoderm, and the forehead, nose, cheeks,

jaws and lips being as yet entirely absent.

Fig. 708.

Fig. 706. —SIDE YIEW OF THE HEAD OF AN EMBRYO-
CHICK OF THE THIRD DAY, (From Balfour.)

('H, cerebral hemispheres ; FB, thalamen-
cephalon ; M8, midbrain; Ch, cerebellum ; HB,
medulla oblongate ; N, nasal pit; eof, aunditory
vesicle not yet closed externally ; op, optic vesicle,
with {, the lens, and elf, the choroidal fissure (in
mesoblast) ; 1, the first visceral fold or plate, the
superior maxillary fold slightly indicated above it ;
2, 3, 4F, the second, third and fonrth visceral plates
with the visceral clefts between them.

The mouth thercfore is formed by a transverse cleft or depression
between facial bars or plates, and owes its production as a cavity more
to the development outwards of these bars, than to the depression in-
wards of the anterior cranial wall in which it is situated. The later
formed bueecal aperture or communication with the pharynx is produced
only on the fifth day in the chick by a wearing through or a%jaﬂrptiuu
of the epiblast and hypoblast of the original cephalic fold at the fauces
or anterior part of the primitive alimentary cavity. The facial plates
which are in front of the future mouth, and are sometimes named
preoral arches, consist mainly of the single or median fronto-nasal plate,
and in lateral pairs of the external nasal and maxillary plates, the last
constituting the basis of the upper jaw, and arising in connection with
the mandibular next mentioned.

The subcranial plates or bars which lie behind the mouth, and are,
therefore, named posforal arches, consist in the amniota of five pairs of wall
plates, meeting each other ventrally below the mouth and pharynx. The
first of these, named mandibular, is that in which the lower jaw is
formed. The second pair of bars is the seat of development of the upper
part of the hyoid bone, and is therefore named hyoid. The three follow-
ing bars correspond in their relations with the most anterior of the
arches which support the developed gills of aquatic vertebrates, and may
therefore be strictly named branchial,—a name which was not inappro-

riately given to tﬁe whole series by their discoverer, Rathke.

The skull like the rest of the skeleton is at first entirely membranous ;



THE CRANIUM. 509

chondrification then takes place in certain parts of the blastema ; and
ossification follows in the third stage, partly in the cartilaginous and
partly in the membranous matrices. h
1. The Cranium.—The basal portion of the cranium, as already
stated, consists primarily of two fundamental parts. Of these the
rior is distinguished, as hefore stated, by the presence of the pro-
ongation of the notochord within it as far forward as the part of the
skull which afterwards becomes the dorsum selle. This portion, com-
prehending the parachordal plates which surround the anterior extremity

Fig. 707.—Tug LOWER OR CARTILAGINOUS PART OF
THE ORANIUM OF A CHICKE OF THE SIXTH DAY.

(From Huxley.)

1, 1, chorda dorsalis; 2, the shaded portion here
and forwards is the cartilage of the base of the skull
at 2, the occipital part; at 3 the pro of
ﬂh;;minh tha*mm’ I];;rt of the skull ulln}

culos eranii ; it space ; §, parts o
o e g

of the notochord, contains the matrix of the
future basi ital and basi-sphenoid car-
tilages. By its later extension to the sides,
it forms the matrix of the exoceipitals and
the otic mass of cartilage which suar-
rounds the primary auditory vesicles. The main part extends forward
below the posterior and middle primary encephalic vesicles, ending at
the Tﬂi:uim fossa,

spheno-ethinoid portion of the basis eranii contains the matrix of
the presphencid, and the septal-cthmoid cartilages. It is mainly pro-
duced in connection with the trabecule eranii, which are in direct
continuity with the anterior !m-t of the parachordals.

The trabecular part lies below the anterior encephalic vesicle, and
Iecomes grmtlf modified in connection with the expansion of the
cerebral hemispheres and the development of the nasal fosswe and mouth,
together with the other parts of the face.

The three principal sense organs, it may here be stated, the nose, eye,
and ear, formed in connection with their several primary nervous parts
derived respectively from the cerebral hemispheres, the thalamencephalon,
and the third primary vesicle, are interposed between the rndimen
parts of the head as follows, viz. : the nose between the frontal,
ethmoid and maxillary ; the eye between the frontal, sphenoid, ethmoid
and maxillary ; and the ear Detween the basi-occipital, exoceipital and
alisphenoid. Of these the auditory vesicles come to be surrounded by
a thick cartilaginons wall which s continuous with the parachordal
cartilage and seems to take the place of that cartilage as a part of the
general cranial wall,

While the base of the cranium, to the extent already mentioned, is
cartilaginons in its origin, the lateral and upper walls are chiefly of
membranons formation, as in the squama oceipitis, the suamo-zy gomatic
of the temporal, the parietal and the frontal bones,

The membranous tissne in which these flat bones of the cranial vault
are formed is regarded by Kolliker as of dermal origin, and the bones as
belonging to'the group of investing bones. Their formation is however
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in part supplemented by the extension upon them from bel

of cartilage which is placed internally to Eﬂe memhmuuu;}!:nﬂ&f. @
The trabecula stretch forward to the anterior extremity of the head

and maintain the foremost place in the seat of the nasal cartilages and

external apertures of the nose. Behind these the coalesced trabeenls

Fig, 708. Fig. 708.—VIEW FROM BELOW OF THE @ARTI-

: LAGINOUS BASE OF THE CRANIUM WITH ITs
OSSIFIC CENTRES IN A HUMAN FETUS OF
ABOUT FoUR MoNTHS. (From Huxley, slightl
altered. ) PR

The bone is dotted to distinguish it from the
cartilage, which is shaded with lines. 1, the
basilar part, 2, the condyloid or lateral parts,
and 3, 4, the tabular or superior part of the
oceipital surrounding the foramen magnum ; 5,
centres of the presphenoid on the inside of the
optic foramen ; 6, centres of the post-sphenoid ;
7, centres of the lesser wings or orbito-sphenoid -
8, septal cartilage of the nose;  and 10, parts
of the labyrinth.,

form a narrow ethmo-vomerine ecar-
tilage, the nasal septum, round the back
of which the vomer is formed as a
bony splent covering ; while in the hinder lyre-shaped interval of the
separated trabeculs is placed the infundibulum in connection with the
pituitary body.

From the side of the presphenoid cartilage the matrix of the orbito-
sphenoids or lesser wings, containing the optic foramina, is developed :
and from the sides of the basi-sphenocid proceeds the matrix of the
greater wings, which are also cartilaginous in their origin.

In the periotic or cartilaginons rudiment of the temporal bone three
centres of formation are distinguished by Huxley, viz.: 1. Opisthatic, or
that surrounding the fenestra rotunda and cochlea ; 2, proofic, or that,
which encloses the superior semicireular canal ; and 35, epiotic, or that

Fig. 709. Fig. 700.—BASILAR PART OF THE PRIMORDIAL CRANIUM
OF A HUMAN FETUS OF THREE MONTHS, SEEN FROM
ApovE. (From Kolliker. )

e, upper half of the squama occipitis ; &, lower half of
the same ; ¢, cartilaginons plate extending into it; d,
tin the forwmen magnum) the exoccipital ; ¢, basi-oceipital ;
Ji petrous, with the meatus auditorius internus ; g, dorsum
selle, with two nuclei belonging to the basi-sphenoid
bone ; %, nuclei in the anterior clinoid processes ; i, great
wing nearly entirely ossified ; &, swall wings; I, crista
galli ; m, cribrethmoid ; n, cartilaginous nose ; o, strip of
cartilage between the sphenoid and the parietal; p,
osseous plate between the lesser wings and the eribriform
plate.

AR |

which surrounds the posterior semicirenlar canal and extends into the
mastoid portion. They soon unite into one so as to form the petro-
mastoid hone,

Here it may be stated that, in addition to the parts of the skull before-
mentioned, the ethmo-turbinals and cribriform plate, the styloid process
and the three auditory ossicles are of cartilaginous origin ; but the
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tympanie ring, the nasal, maxillary and other facial bones are all formed
in membrane. To these, however, we shall recur hereafter.

In the craninm of the human embryo chondrification begins in the
basilar portion in the fourth and fifth weeks, and is nearly completed
for the prineipal the eighth week, soon after which in the course
of the tenth w ilaginous cssification sets in. But in some of the
membrane bones, as for example in the lower jaw, ossification begins at
a much earlier date, probably in the sixth week.

The form of the head is greatly modified at an early period of deve-
lopment by the cranial flexure as well as by the changes which accom-
pany the development of new parts.

The Cranial Flexures—The earliest and the most important of the
cranial flexures is that, previously mentioned, which takes place at the
anterior extremity of the notochord and in the region of the mid-brain
or middle encephalic vesicle. At this place the medullary tube, and the
substance forming the wall of the craninm especially, undergo a sudden

Fig. 710.—LoXeITUDINAL SECTION THROUGH THE Fig. 710,
HEAD OF AN EMBREYO OF FOUR WEREKS., (From
Kolliker,) 1o,

v, anterior encephalic vesicle, cerebral portion ;

z, inter-brain ; m, mid-brain ; &, cerebellum ; n,

medulla oblongata ; no and a, optie vesicle ; o,

auditory ion ; ¢, centre of basi-cranial

flexure ; ¢, and hinder parts of tentorinm ;
py the fold of epiblast which forms the hypo-
physis cerebri,

bending downwards and forwards, =o
as to cause the projection of the
thickened cranial base in a marked manner upwards, This coincides
with the place where the parachordals and the trabecula meet, and where
inferiorly the pituitary body, and superiorly the infundibulum come into
close relation,

Above and behind this, the mid-brain gives greatest prominence to
the part of the cranium occupied by it, a feature which remains cha-
racteristic of the embryo head for a considerable time.

The great cranial flexure thus marks the division between the strietly
basi-cranial, or occipito-sphenoidal, and the basi-facial, or spheno-
ethmoidal part, the chorda terminating between those two portions of
the cranial hase, with a thinner pointed part. Here the end of the
chorda is bent downwards and forwards, and terminates in the post-
sphenoid body, at the dorsum sellz.

Other flexures also occur in connection with the development of the
hrain, but these d{_:‘ not affect materially the external form of the head.
In man and the higher mammals the greatest modification of that form
resulis primarily from the expansion of the ecerchral hemispheres, and
secondarily from the formation and proportional increase in the size of
the jaws and other parts of the face.

1. The Pace.—The formation of the facial part of the head takes
place superficially by the downward and forward growth from the
front and base of the simple cranium of the median Sronto-nasal
and the lateral mazillary and mandibular plates, and more dec ly by
the development of parts in connection with the cmnin-fm.-iul AXis
which 18 formed by the spheno-ethmoid extension of the trabecnlse
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cranii. These formative changes are of a very complex kind, and com-
prehend the production of the external nose, the lips and cheeks, the
jaws and palate, the deeper nasal fossee and their labyrinth, the buecal
cavity and the orbits, the auricle, anditory meatus and tympano-
Fustachian passages, together with the various cavities of the bones in
comumunication with the involuted nasal passages, such as the ethmoid,
maxillary, sphenoid and frontal sinuses.

These parts all arise mainly in mesoblastic tissue, but are covered
externally by epiblast, or are lined internally by that layer, excepting
the tympano-Eustachian passage, which has a hypoblastic lining. The
basi-facial axis is at first necessarily very short, as it lies only below the
undeveloped first cerebral vesicle, but it speedily assumes greater propor-
tions as it is elongated forward with the enlargement of the cerebral hemi-
spheres and the simultaneons development of the nasal and bueeal fossw,

The nasal fossee take their origin in the form of two simple depres-
sions, the primary olfactory or nasal pifs, which appear on the lower

s it Fig. 711.—CRANIUM AND FACE OF THE
Fig. 711. HUMAN EMBRYO, SEEN FROM BEFORE.
(From Ecker.)

A, from an embryo of about three weeks :
1, anterior cerebral vesicles and cerebral
hemispheres ; 2, inter-brain ; 3, middle or
fronto-nasal process ; 4, superior maxillary
plate ; §, the eye; 6, inferior maxillary or
mandibular plate (first postoral); 7, second
plate ; 8, third ; 8, fourth, and behind each
of these four plates their respective pharyn-
geal clefts. DB, from an embryo of five
weeks : 1, 2, 3, and 5, the same as in A ;
4, the external nasal or lateral frontal pro-
cess ; G, the superior maxillary plate ; 7,
the mandibular ; =, the tongue ; 8, the first
pharyngeal cleft, which becomes the anditory passage.

surface of the wall of the anterior cerebral vesicle at a very early period
when no other parts of the face have yet been formed. DBut the trabe-
cular part of the cranial wall, now extending forwards and doubling
itself at its anterior extremity, curves ronnd both the nasal pits from the
inside and above, 8o as to cover them in some sort with a dome (Parker),
in connection with which are afterwards formed the forepart of the septum
and the lateral nasal cartilages. The nasal pits have at first no connec-
tion with the mouth, which forms a transverse depression in the lower
and hinder part of the future face ; but later, or by the fifth week in
the human embryo, these cavities are brought into communication hi
the formation of the nasal grooves which run backwards one from eac
olfactory pit into the mouth, and at the same time the nasal fosse begin
to extend themselves upwards as narrow passages on each side of the
enlarging septum, the lower part of the fosse being still left in open
communication with the buccal cavity. ‘ ¥
Fronto-nasal Plate—The external nose owes its origin to the
development of the fronto-nasal plate, previously mentioned, which
forms a broad median lappet in the fifth and sixth weeks of the human
embryo, descending from the front of the cranium between the two large
ocular vesicles as far as the transverse buccal cleft. It is free in front
and inferiorly, but behind it is in union with the parts developed from
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the trabecular axis. Its lower border encloses the nasal pits which come
to form deep notches in it, and it is thus divided into a median and two
lateral nasal processes. The central division forms the prominent part
of the future nose with its eolumella below, and its further prolongation
downwards gives rise to the lunwla or central part of the upper lip;
while the parts outside the nasal notches, the external nasal processes,
receding somewhat, reach the orbital fissure, and are the source, later, of
the alee of the nose.

The further development of the nose consists mainly in the formation
of the deeper t:nrta, guch as the septum, cribriform plates, and the
labyrinth or turbinal portions, which will be noticed in connection with
the olfactory organ. Here we have only to do with its relation to the
face and mouth,

The Mouth.—The Imeeal cavity arises as a wide cleft or depression
in the lower part of the face, having above it the fronto-nasal
in the middle, and the superior maxillary processes on each BE£:‘ and

Fig. 712.
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Fig. T12.—OvrLixes SHOWING TIE EARLY CHANGES IX THE FORM OF THE HEAD OF THR
( HUMAN EMBRYO,

A, profile view of the head and fore part of the body of an embrvo of abont four weeks
(from mature, ') ¢ @, the auditory vesicle; 1, nnm'lihi]nr arch, a.nrjt.l hehind this are seen
the Hu:u following arches with the corresponding pharyngeal clefts. B, embryo of
nh:uut. Eix weeks (from Ecker, §); 1, the lower jaw : 1', the first pharyngeal cleft, now
mduum% at the dorsal end, where it forms the meatus externus; the second cleft is
still visible, but the third and fourth eclefts are closed and the corresponding plates have
nearly disappeared. ), from a human foetus of nine weeks (from nature, {); the features
of the face are now roughly formed ; the meatus is forming in the dorsal end of the first
pharyngeal cleft, and the auricle is beginning to rise from its outer bonder,

below it the first pair of visceral arches or mandibular plates, whic
meet each other in the middle, and are continuous l'ﬂl:llllld Tﬁc uub:}tl'
angles of the mouth with the maxillary processes ; the deepening of the
buccal cavity itself being mainly due to the outward development, of
thﬁ several processes,

e primitive mouth (sfomodaeum) is therefore lined entirely by epi-
blast, and is separated from the fore-end of the pharynx by t in:{at-};:-
as well as by the inflection of the visceral mesoblast and the hnmiﬂunlz
which close that cavity anteriorly. The establishment of & communica.
tion between the mouth and pharynx by the wearing through of the
severul blastodermic layers named, in the form at first of a vertical lit,
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takes place on the fifth day in the chick, and probably ab the eighth or
ninth week in the human embryo. To this change, which gives rise to
the aperture of the faueces, reference will again be made in the history of
the development of the alimentary canal.  From what has been said pre-
viously, it is apparent that the upper lip is formed in part by the fronto-
nasal and maxillary plates which are at first separated by the orbital
fissures, and that the lower lip is a part of the mandibular plates. The
integrity of the upper lip is established by the inward advance of the
superficial part of the lateral maxillary processes, which, coalescing with
both the internal and external nasal processes, elose in the nasal notehes
inferiorly as the nostrils, and obliterate in great part the orbital fissures,

Fig. 713. Fig. 713.—Hgap OF HUMAN EMBRYO OF EIGHT WEEES, SEEX
I FROM BELOW, THE LOWER JAW HAVING BEEN REMOVED. §.
Wy (From Killiker.)

n, the external nasal apertures; ¢, premaxillary process, and
. outside this the internal nasal aperture ; i, palatal process advane-
B ' ing from the side to form the partition between mouth and npose ;
/ p, common cavity of the nose, mouth and pharynx.

leaving only more deeply within them the lachrymal
canals or nasal ducts. While the upper lip is thus
completed superficially, a deeper development and union of the maxillary
and intermaxillary matrices oceurs, which leads to the completion of the
alveolar arch. ;

_ The separation of the cavity of the mouth strictly so called from the
nasal fosse, is effected by the development of the palatal or pterygo-
palatal processes of the maxillary plate, which advancing inwards from
the two sides meet and coalesce with each other and with the septum
descending from above in the middle line. But this median union does
not in the same form extend to the anterior part which is occupied by
the intermaxillary process; for here the maxillo-intermaxillary cleft is
double, and, when the union of the opposite parts takes place, the naso-
palatine canal is left as the vestige of the previous fissures.

Fig. 714.—OvuTLINE OF A
TRANSVERSE VERTICAL
SECTION THROUGH THE
¥OSE AND UPPER JAWS
OF A SHEEP'S EMBRYO
WITH OPEN PALATE.
(From Kélliker)slightly
magnified.

The Jlower jaw and
tongue are removed ; m, the
mouth ; d, dental germs ;
p, the palate plates ap-
proaching each other in
the middle ; f, the nasal
fossw ; ¢, nasal eartilage ;
3, septal cartilage ; j, the two organs of Jacohson with their cartilages internally.

i ' eing in f t the eighth

The median union of the palate begins in front abou o
week in the human embryo, and reaches the back part, when completed,
‘1 the ninth and tenth weeks. There are thus formed the hard and soft
palates as the floor of the lower or respiratory part of the nasal fossw,
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leading posteriorly into the ph and the roof of the proper bueeal
cavity. The mﬂmﬁm of double hare-lip and maxillo-intermaxil-
lary clefts, which usually accompany it on one or both sides, together
with that of the single or median cleft palate in its various degrees,
receive an interesting explanation from the study of the developmental
phenomena now referred to.

Tt is in connection with the lower part of the septum and intermaxillary plate
that there are found at an early period in the human embryo as well as in that
of other mammals the rudiments of the Organ of Jacobson and the inferior
internal nasal cartilages which surround them externally (see fig. T14).

It may further be mentioned at this place that from the roof of the mouth at
a very early period, as by the third or fourth week in the human embryo, there
is formed the diverticulum lined by epiblast. which in its combination with the
infundibulum and farther development, gives rise to the pituitary body (see
later, p. 831).

In the superficial part of the maxillary plates are formed the superior maxillary
and malar as membrane or investing bones, and on the inside of the orbit in
comnection with the nasal duct the lachrymal bones,

There is o marked difference between the bones which arise in connection with
the trabeculw, such as the pre-sphenoid. orbito-sphenoid, septal ethmoid, eribri-
form and ethmo-turbinal, which have all cartilaginous matrices, and those which
are of membranous origin and have an investing character, such As the nasal,
lachrymal, vomer, internal pterygoid, palatal, superior maxillary, malar and
mandibular bones of the face. It is, however, an interesting fact (Killiker) that
the various sinuses which come to ocenpy places within some of the cranial and
facinl bones, such as the ethmoid, maxillary, sphenoid and frontal, all arise by
extension of the epiblastic lining of the nasal passages, and are preceded by the
formation of cartilaginous capsules, within each of which the epiblastic exten-
sion is situated, and that these epiblastic and cartilaginons capsules make their
way gradually into the interior of the respective bones afterwards occupied
by the sinnses, the bones being gradually hollowed out by absorption to receive
them. In this process the ethmoid sinuses are the earliest to be formed, begin-
ning at the sixth month in the human embryo ; the maxillary follow very soon, or
nearly at the same stage, but continue to grow for along time. The sinuses do not
penetrate the sphenoid till about the seventh year, having peculiar relations with
the bones of Bertin (see vdl. 1., p. 72), and the frontal sinuses are the latest in
appearing, not having made much progress till the age of puberty, when they
expand rapidly, and when also all the others undergo a greater extension,

2. Postoral Visceral Arches—Branchial Arches.— The formation
of the lateral and lower parts of the face, including the month and
lower jaws, the hyoid apparatus, the anricles and tympano-Eustachian
passages, 18 intimately connected with the development of the sub-
cranial pairs of processes which are most appropriately named the
Visceral Arches, as enclosing the mouth and the anterior or pharyngeal
portion of the primary alimentary cavity. The visceral arches now
referved to were first deseribed by Rathke in 1825, (No. 178,) and from
their general homology with the arches of the gills in aquatic animals were
named by him the branchial arches. Their development was subsequently
very fully investigated by Reichert (1837, No. 174).

n the amniota the postoral visceral arches are four, or, according to
some, five in number.  The first or anterior of these plates, which forms
the posterior margin of the mouth, and is named mandibular, is the seat
of formation of the lower jaw : the second, named Ayeid, gives origin in
{mrt to the hyoid apparatus ; the third arch, in which the remainder of the
1yoid bone is formed, and which may be named thyro-hyoid, corresponds to
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the first of those which in aquatic animals undergoes full branchial de-
velopment, but which in the ammniota, like the two following it, never
bears gills,

The fourth and fifth arches have no special names, but might be
termed post-hyoid or cervical, as being situated in the place where the
elongation of the neck ocenrs at a later period,—a process which gives
rise to some of the peculiar features familiar to anatomists as character-
ising the parts oceupying the cervical region.

Visceral ('lefts.—Behind each of these visceral arches there is
placed on ecach side a cleft which runs through the wall of the body
from the external surface into the cavity of the pharynx, thus bringing
epiblast and hypoblast into continuity. The first of these elefts, which
from its position may be named kyo-mandibular, is afterwards the seat
of the formation of the Eustachian passage and cavity of the tympanum

Fig. 715.—SIDE VIEW OF THE HEAD OF AN
EMBEYO-CHICK OF THE THIRD DAY, (From
Balfonr. )

(', cerebral hemispheres ; FB, vesicle of the
third ventricle ; M8, mid-brain ; C'b, cerebellum ;
M, medulla oblongata ; N, nasal pit; oef,
auditory vesicle not yet closed externally ; op,
optic vesicle, with I, the lens, and ch.f, the
orbital fissure (in mesoblast) ; 1F, the first
visceral fold or plate, the superior maxillary fold
slightly indicated above it ; 2, 3, 4F, the second,
third, and fourth visceral plates with the visceral
clefts between them,

internally, while the meatus anditorius is developed externally round the
dorsal part of the cleft by the ontgrowth of the neighbouring parts of
the two arches ; the membrana tympani growing up between them.
The external auricle is developed from the integument behind the
meatus. The three remaining clefts, which represent branchial aper-
tures of ar{uutic animals, are all closed in the amniota at an early period,
corresponding to the sixth or seventh week in the human embryo.

In some of the lower vertebrates, as in the elasmobranchs and cyclostomes,
the hinder branchial arches are more numerous than in other animals, and in
some the hyoid arch possesses a developed gill. In aquatie animals generally the
gill arches have cartilaginous bars, but in man and mammals it is only in the
three first visceral arches, that is, the mandibular, hyoid and thyro-hyoid, that
cartilaginous bars are formed,

Through each of the visceral arches there rune a considerable arterial vessel,
which is one of the five pairs of vascular arches formed by the division of the
aortic bulb, and which in the embryoes of amniota reunite dorsally, without sub-
division into branchial vessels, to form the aorta (see Vascular System, p. 8G8).

It is an interesting fact stated by Balfour that in the early stages of develop-
ment of the branchial plates in elasmobranchs there is in the onter part of
each of them a cavity extending from the ventral to the dorsal ends, which he
regards ns having been derived by extension from the general body-cavity in the
same manner ns oceurs in the vertebral somites of the trunk of the body ; and
further that muscle-plates are formed round these head cavities, which probably
furnish the rudiments of a certain number of the head muscles,

Farther Destination of the Visceral Arches—Some of the remaining
facts respecting the development of the visceral arches will be most
conveniently described along with those relating to the formation of
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the ear and other organs with which they are associated. Here it will
be sufficient to state shortly the principal destination of each of
them,

The cartilage of the first or mandibular visceral arch has long been
known as the carlilage of Meckel, which occupies the deeper part of the
arch from a very early period, and, attaining considerable size, remains
visible in the human feetus up to the sixth or seventh month. Its
proximal portion is now known to be converted into the malleus of
mammals, and into the homologous guadrate bone of reptiles and birds.

In mammals the lower jaw, corresponding mainly with the dentary
bone of other animals, is developed at a very early period first from

Fig. 716.—Puaw or THE skvLL, &o., Fig. 716.
OF THE EMBRYO FIG, SEEN FROM
pELow. Magnified ten diameters,
{From Parker.)

tr, cartilage of the trabeculm ; ofr,
cornua trabecularum ; pn, prenasal
cartilage ; ppg, pterygo-palatine car-
tilage ; mwn, the mandibular arch
with Meckel's cartilage; auw, the
auditory vesicle; Ay, the cerato-
hyoid arch ; thh, the thyro-hyoid;
Py, the pituitary fossa; ch, the
notochord in the eranial basis, sur-
rounded by the parachondals (ir) ;
v11, facial nerve ; 1x, glosso-pharyn-

geal ; x, pnenmogastric ; xi1, hypo-
glossal nerve.

membrancoutside Meckel's car-
tilage ; but it is also partially
incorporated with those car-
tilages at their lower or distal
part where they meet each other
in the symphysis. A part of
Meckel's Cartilage between the
jaw and the malleus is con-
verted into the so-called in-
ternal lateral ligament of the
jaw.

The second or hyoid visceral arch is originally closely united with
the first arch at its cranial extremity below the auditory capsule. It
contains in its proximal the cartilaginous matrix of the incns,
which becomes articulated with the head of the mallens formed in the
adjacent proximal part of the mandibular arch. The remainder of this
cartilaginons bar forms the tympano-hyal and styloid processes, the stylo-
hyoid ligament, and the lesser wings of the hyoid bone (cerato-hyal).

The third visceral arch or thyro-hyoid gives rise, by its cartilaginons
matrix, to the great wings and body of the hyoid bone. It supports the
rudiment, of the thyroid cartilage, and is closely connected with the
development of the larynx,

The fourth and fifth arches, as already remarked, may be considered
as belonging to the neck rather than to the head. e congenital
tigsures of the neck which have been observed as a malformation, and

which usually open externally far down in that region, may be due to
YoL. 1L g
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the istence of one or more of the branchial elefts, much drawn out
by the cervical elongation.

The tongue is formed, according to Killiker, in connection with the
three first visceral arches, but mainly with the mandibular. Its covering

Fig. 717.—SIDE VIEW OF THE MANDIBULAR AKD
HYOID ARCHES TN AN EMBEYO PIG OF 1} 18cH
I¥ LENGTH. (From Balfour, after Parker.)

g, tongue ; mi, Meckel’s cartilage ; mi, body
of malleus ; mb, its manubrium or handle ; ¢.ty,
tegmen tympami ; 4, incus; sf, stapes; i.hy,
inter-hyal ligament ; sf.k, stylo-hyal cartilage ;
h.k, hypohyal ; bk, basibranchial ; ¢h.h, rudi-
ment of first branchial arch ; 7a, facial nerve,
Hee also fig, 745, p. 830,

is derived from the epiblast of the month, its muscular snbstance
probably proceeds from the muscle-plates of the visceral arches, and it

rests by its base on the mesial process of the third arch, the basihyoid
element,

Relation of Developmental Facts to the Morphology of the Head.—
It may be freely admitted that there is no primary segmentation of the
formative elements of the head similar to the division of the vertebral or meso-
blastic somites of the trunk; and yet there are not wanting proofs that the
development of the head takes place in its earlier phases on essentially the same
plan, and from the same blastodermic elements as the axial part of the trunk ;
while there are also sufficient grounds for recognising in the later stages of the
formation of the ecartilaginous matrices. and in the ossification of the bones,
indications of some degree of segmentation of the cranial and facial elements.

These indications arve to be found mainly in 1, the prolongation of the noto-
chord and its parachordal investment from the vertebral axis of the trunk into
the eranial base; 2, the enlargements of the notochord at certain places cor-
responding with the later separation of the bones; 3, the division of the
visceral arches and the extension of the body cavity into their substance, together
with the formation of muscle-plates in each of them; 4, the general similarity
in the relations of the cranial and facial bases and the neural arches to the
nervous centre and the issue of the nerves on the one hand, and of all these to
the viseceral or alimentary.cavity on the other. But while these considerations
would seem to indicate a morphological correspondence between cephalic and
vertebral rudiments, much is still wanting to fill up the details of the comparison
between them ; and, admitting the serial homology to exist, the number of meta-
meric somites or divisions of the head is not as yet by any means determined.

II. DEVELCPMENT OF THE NERVOUS SYSTEM.

It is one of the most important generalisations resulting from modern
embryological inquiry, as has been well remarked by Balfour, that all
the organs of the nervous system take their origin from the epiblast, or
from the same source as the cuticular covering of the body. And this
fact is not confined to vertebrate animals, but is universal throughout
the whole of the Metazoa.

I. THE CEREBRO-SFINAL CENTRE.

In Vertebrates the fivst of these orguns to appear is the great nervous
centre comprising the brain and spinal cord i their primary rudimen-
tary form of a simple medullary tube (as previously stated at p. 749) ; and



THE CEREBRO-SPINAL CENTRE. §19

it is now ascertained that while the central organs are produced by an
involution and rapid growth of the epiblast in the line of the vertebral
axis of the body, the roots and part at least of the peripheral nerves are
developed by secondary extension from the primary medullary centre.

Fio. 718. OUTLINE FROM ABOVE OF THE Fig. 718. Fig. 719.
EMBRYO CHIOK IN THE PIRST HALF OF
THE SECOND DAY.

1 1o 2, the three pri encephalic
vesicles enclosed in m at the sides
TS S

' i
into a rhomboid in which is the
primitive trace ; 4, 4, seven proto-vertebial
somn ites.

Fig. 719.—Expryo oF THE DOG MORE
ADVANCED, SEEN FPROM ABOVE, (After
Bischoff. )

The medullary canal is now closed in ;
¢, the anterior encephalic vesicle ; o, the
primitive optic vesicle ; an, the primitive
auditory vesicle opposite the third en-
cephalic vesicle ; am, the cephalic fold
of the amnion ; ov, the vitelline veins
entering the heart posteriorly ; pr, the
protoverteliral somites,

But it is not yet fully ascertained whether the whole of the peripheral

nerves are derived from this source or are formed by secondary ditferen-

tiation from blastema in the more remote seats of their origin.

From what has been previously stated it will have been seen that the
rudiment of the cerebro-spinal nervous centre is formed more immedi-
ately from the thickened medullary plates of the involuted epiblast, the
ridges of which, rising from the surface of the blastoderm, become united
dorsally along the middle line so as to close in a hollow medullary tube of
a cylindrical form. This tube is wider at its anterior or cephalic extre-
mity, and this dilated portion becomes divided by partial constrictions,
first into two, and very soon after into three primary cerebral or
encephalic  vesicles, which represent anterior, middle and posterior

DooDOOD 00D I

PFig. 72).—TRANSYERSE &Re- g
TION THROUGH THE EMEREYOD ‘,-
OF THE CHICK AND HLASTO- ¥ .
DEREM AT THE EXD Op
THE FIRST DAY. MAGXIFIED
yroxM 90 To 100 TrMEs.
(Prom Kélliker.)

ey #;.-;-ﬁ- J.ni .r.i.? ..'.ni

h, epiblast ; dd, hypoblast; sp, mesoblast; Pr, medullary groove ; m, medullary
plates ; ch, chorda dorsalis ; wip, proto-vertebral plate ; wich, commencement of division
of mesoblast into its upper and lower laminm ; between Rf and A the dersal laminm or
ridges which by their approximation close in the medullary canal.

primary divisions of the brain. The spinal portion retains a more

uniform cylindrical shape, excepting towards the caudal extremity,

where it is longer in being formed, and remains for a time a flat open

rthomboidal dilatation. The continuous cavity enclosed within the

primitive medullary tube is the same with that which, variously modi-
302
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fied, afterwards constitutes the central ventricles of the brain and canal
of the spinal cord.

The formative cells composing the medullary substance are at first

Fig. 721,
TJw
a

Fig. 721,—TRAXSVERSE SECTION OF AX EMBRYO CHICK OF THE LATTER HALF OF THE
BECOND DAY, AT THE PLACE WIERE THE VERTEBRAL SOMITES CEASE. %. (From
Kolliker. )

7, dorsal ridges ; vf, medullary groove, or canal beginning to close ; wip, proto-
vertebral plate ; sp, lateral plate of the mesoblast ; &, epiblast ; dd, hypoblast ; ao,
primitive double aorta ; #p, commencement of division of the mesoblast which forms the
body-cavity.

gpherical, but they afterwards hecome elongated and spindle-shaped,
and increase rapidly by multiplication. They represent at first the
grey substance, or the nerve-cells and non-medullated fibres. The

Fig. 722.—TRASSYERSE SECTION OF THE EMBRYO CHICK IN THE LATTER WALF OF THE
SECOND DAY, IN THE REGION OF THE PROTO-VERTEBRE. % (From Killiker.)

a, medullary tube ; &, epiblast now separated from the medullary inflection ; ww,
proto-vertebral mass; Ap, parietal or somatic mesoblast ; dfp, visceral mesoblast ; p,
pleuro-peritoneal or body-cavity between these two layers ; ch, notochord ; ao, aorta still
double ; ent, hypoblast,

cylindrical cells which, from the first, line the whole eanal, I'Emuil_‘l.per-
manently in some parts of it, and frequently present the ciliated

glructure.
THE SPINAL CORD.

The internal grey substance of the spinal cord is first formed; the
white substance is produced later on the exterior. The sides acquire
considerable increased thickness, while the dorsal and ventral parts
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remain com ively thin, so that the cavity assumes in section the ap-
pearance of a slit, which becomes gradually narrower as the lateral
thickening increases; and at last the opposite surfaces uniting in the
middle divide the primary central canal into an anterior or lower and
posterior or upper part (see figs. 724 and 725).

The lower % divisions becomes the permanent central canal, the
upper or dorsal is afterwards so far obliterated that it is filled with a
septum of connective tissue belonging to the pia mater, and becomes the
E‘oat-erinr fissure of the cord (in human anatomy) (Lockhart Clarke,
No, 188).

In hirds and mammals there is no distinction to be seen at first
between the outer or corneous layer of the involuted epiblast and the
cells which by their increase more immediately constitute the medullary
plates. In batrachia, however, the dark colour of the corneous layer
shows it to be distinct from a deeper layer which is the more strictly
nervous. In Osseous fishes, and some other animals, there is no open
medullary groove or canal at first, but an involution of a solid column
of epiblast, which subsequently becomes hollow for the formation of a
ventricular cavity.

Fig. 723.—TuAXSVERSE SECTION OF THE CERVICAL
‘PART OF THE SPINAL CORD OF A HUMAN EMBRYO
or six weeks. (From Kolliker.) ¥

~ This and the following fignre are only sketched, the
white matter and a of the grey not being shaded
in. ¢ central s ¢ its epithelial lining, at ¢
(inferiorly), the part which becomes the anterior
commissure ; at ¢ (superiorly), the original place
g closure nfm]thu w:ié @, the white mhlunnfu of

ﬂmhnpr' nmns, in to be separated from
the grey matter of the hm, and extending round
into the lateral column, where it is crossed by the
line from g, which points to the grey substance; p,
posterior column ; ar, anterior roots ; pr, posterior
roots. i

The masses of grey matter first formed in the spinal marrow cor-
respond chiefly with the anterior columns. These are succeeded by
lateral masses or columns, and somewhat later by small ior
columns. There are at first no commissures except by the passage of
the deepest layer of cells across the middle line, but the fibres from the
roots of the nerves when formed are traceable into the grey substance of
their respective anterior and posterior columns.

The white substance is formed external to or on the surface of the
deeper grey substance ; but it is not yet determined whether it is wholly
developed out of the cells composing the grey matter or from separate
blastema to which the mesoblast may in part contribute. It is certainly
combined with connective tissue elements, and its mode of formation is
different from that of the grey substance, which is the more direct product
of differentiation of the involuted epiblastic cells. How far the mesoblast
takes part in the formation of the latter is still doubtful (see p. 192).

On the fifth and sixth days in the chick, according to Foster and
Balfour, the white columns mcrease rapidly in size, and the anterior
median fissure beging to be formed between the anterior columns by
their swelling outwards and leaving its interval between them. 1t is at



822 THE NERVOUS SYSTEM,

first wide and shallow, and soon receives a lining of vascular connective
tissue or pia mater. The commissures ave now also formed ; the anterior
grey commissure first, then the posterior grey, and somewhat later the
anterior white commissure.

Fig. 724.—TRANSVERSE SECTION OF HALF
THE CARTILAGINOUS VENTEBRAL COLUMN
AND THE SPINAL CORD IN THE CERVICAL

" PART OF A HUMANX EMBEYO OF FROM NINB
T0 TEX WEEKS. (From Kolliker,) ¥

¢, central canal lined with epithelinm ;
¢, anterior column ; p, posterior column ;
#, band of Goll ; g, ganglion of the
posterior root ; p 7, posterior root; ar,
anterior root passing over the ganglion ;
o an, dura-matral sheath, omitted near p 7,
to show the posterior roots: &, body of
the vertebra; ¢ h, chorda dorsalis; = a,
neural arch of the vertebra,

In the further increase of the
unterior and lateral white colomns
as they thicken, they become more
nnited together on each side, so
that they can only be arbitrarily
distinguished ; the fibres of the
roots of the nerves are traced
through them into the grey matter ;
the cornua of grey matter heceme more and more developed, and the
fissures between the white columns deepen, while the connective tissue

Fig. 726. Fig. 725.—TraxsviRse skc-
TION OF MNALF OF THE
BPINAL CORD OF THE CHICK
OF SEVEK DAYS. (From Fos-
ter and Balfour.) Magxi-

FIED,
y pee, posterior, lew, lateral,
L \— EP and w@cw, anterior white
i columns ; pe, posterior cornu

of grey matter with emall
cells ; ae¢, anterior grey cornu
with large cells; ep, epithelium
of the canal ; ¢, the upper part
now open and filled with tissue
in the posterior fissure ; spe,
the lower division of the primi-
e tive medullary cavity, which_
remaing as  the permanent
spe canal ; af, anterior fissure
left between the projecting
anterior columns ; ege, anterior
-@ge  prey commissure ; pf, posterior
fissure,
or pia-matral septa run
more completely inwards
through the white sub-
stance.
Angular cells with radiating processes make their appearance in the
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grey matter, and the nerve-fibres both of the grey and white matter
become more distinet.

The cylindrical cells lining the central canal retain their distinctness,
and they are more completely separated from the grey matter by the
delicate tissne of the ependyma. Throughout the greater part of the
spinal cord the dorsal Enrb of the primary medullary hollow is obliterated
o form the fissure, but in the sacral region of birds it opens out in the
rhomboidal sinus, and in the filum terminale of the human cord the

whole primary medullary cavity remains.

The sPINAL CORD has been found by Kalliker already in the form of a cylinder
in the cervical region of a human embryo of four weeks, Ununited borders have
been seen by Tiedemann in the ninth week towards the lower end of the cord.
the perfect closing of the furrow being delayed in that part, which is slightly
enlarged, and presents a longitudinal median slit, analogous to the rhomboidal
ginus in birds,

The anterier fizsure of the cord is developed very early, and contains even
from the first a process of the pia mater developed from mesoblast.

The cervical and Inmbar salargements, opposite the attachments of the brachial
and crural nerves, appear at the end of the third month : in these situations the
central canal, at that time not filled up, is somewhat larger than elsewhere (see
figs. 733 and 736).

At first the cord occupies the whole length of the vertebral canal, so that there
is no canda equina. In the fourth month the vertebra: begin to grow more
rapidly than the cord, so that the latter seems as it were to have been retracted
within the canal, and the elongation of the roots of the nerves which gives rise
caude sguwina is commenced. At the ninth month, the lower end of the
is opposite the third lumbar vertebra. (Koélliker, Lockhart Clarke, Bidder
Kupffer, Foster and Balfour.)

The origin of the roots of the spinal nerves will be r. "erred to later.

THE BRAIN OR ENCEPHALON.

1. General phenomena of development as ascerlained in birds and
mammals.—Reference has previously been made to the simple form in
which the brain at first presents itself in the anterior dil portion of
the primitive medullary tube, and its partial division into the three

i cerebral vesicles, These primary vesicles are named fore-brain,
mid-brain, and hind-brain, and correspond most nearly to the regions of
the third ventricle, the corpora quadrigemina and the medulla oblongata
of the adult brain.

The changes which mainly tend to modify the form of this primitive
brain are, 1st, the development on each side from the anterior vesicle of
the primitive ocular vesicle; 2nd, the protrusion somewhat later from
the forepart of the anterior cerebral vesicle of a bulging part, at first
single or undivided, but which by & median cleft and lateral expansion
becomes later the rudiment of the two cerebral hemispheres ; and 3rd, the
formation in the forepart of the posterior vesicle of a new encephalic
rudiment corresponding to the cerebellum. Thus the first vesicle
becomes converted into the cerebral hemispheres and vesicle of the third
ventricle or thalamencephalon, the middle vesicle remains undivided,
tulﬂ1 the hinder vesicle becomes the cerebellum and medulla oblongata.

The formation of the primitive ocular vesicles, by an evolution of the
lateral wall of the primitive medullary tube, gives to the first vesicle and
the adjacent part of the head a much greater lateral width; but the
cranial wall; though pushed out by the enlarging ocular vesicles, does
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not follow closely the inflection of their surfaces. As the subse-
quent contraction of the stalk of the ocular vesicles progresses, these

Fig. 726.

cranial flexure.

"k

Fig. 726.—FORE-PART OF THE EMBRYO SHOWN
IN FIg. 689, VIEWED FROM THE DORSAL
sipE. %, (From Kéliker.)

Vh, fore-brain ; Abl, ocular vesicles; MA,
mid-brain ; Hb, hind-brain ; H, part of the
heart seen bulging to the right side ; Vom,
omphalo-mesenteric or vitelline veins enter-
ing the heart posteriorly ; Mr, medullary
canal, spinal part ; M+, medullary wall of
the mid-brain ; {"w, proto-vertehral somites,

vesicles are thrown more backwards
and downwards by the development
of the cerebral vesicles,

As the cerebral vesicles become
enlarged, the cranial wall undergoes
a corresponding expansion in the
forepart of the head, the cavities
of the lateral ventricles extend into
their interior, and the wvesicle of the
thalamencephalon, which was at first
the foremost part of the embryo-
head, is thrown backwards into a
somewhat deeper position.

The middle encephalic vesicle, in-
creasing greatly in size, takes the
most prominent part of the head
superiorly, both from its own greater
relative magnitude, and from the
sudden bend which the head now
takes below this vesicle in the great

The formation of the cerebellum begins by a thickening in the upper

Fig. 727,

Fig. 727.—Foun VIEWS OF THE BBAIN OF AN EMBRY) KITTEN IN THE STAGE OF FIRST

DIVISION INTO

(From Reichert.)

THE

FIVE CEREBRAL RUDIMENTS, MAGKIFIED THREE DIAMETERS.

A, from above ; B, from the side ; C, vertical section showing the interior ; D, from

helaw,

1, Cerebral hemisphere, prosencephalon ; 2, thalamencephalon ; 3, mesencephalon,
still single ; 4, cerebellum, epencephalon ; &, myelencephalon, medulla oblongata ; o,

optic nerves ; V, fifth 'pair |
¢, infundibnlom ; v, *, genera

by the foramen of Monro.

VIII, eighth pair or glossopharyngeal and ]_}l'IEI.IIII.I:lgIlﬁl-I':lG‘,
| yventricular cavity, opening at v into the lateral ventricle
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and lateral walls of the part of the posterior primitive vesicle which is
next to the mid-brain, and is accompanied by a deep inflection of the
medullary tube between it and the remaining part of the vesicle which
forms the medulla oblongata.

At the same time that these changes are progressing, two other
remarkable phenomena occur, which, as l]:;esent.iug themselves very con-
stantly in the brains of vertebrates, and having important morphological
relations, may be mentioned at this place. These phenomena are both re-
lated to the thalamencephalon, and they consist, 1st, in the downward
projection of a pointed funnel-shaped part of the cerebral wall, with a
prolongation of the ventricular cavity within it, into the pitnitary fossa,

Fig. 728.—LoXoITUpINAL SECTION THROUGH Fig. 728.
THE BHAIN OF SCYLLIUM CANICULA AT AN o
ADVANCED STAOE OF DEVELOFMENT, (From
Balfour. )

cer, cerebral hemisphere ; pn, pineal
gland ; op.th, optic thalamus ; op, optic
chinsma ; pt, pituitary body ; in, infundi-
bulum ;: b, cerebellum ; aw.v, recessus
vestibuli, or passage from the auditory
vesicle to the exterior ; mef, medulla ob-
longata ; c.in, internal carotid artery.

preparatory to its union with the
evoluted part of the mouth cavity
by which the pituitary gland takes
its rise; and 2ud, in the thinning of the dorsal wall of the brain, and
the prolongation of a part of that wall, which in the lower vertebrates
reaches the eranial roof by a peculiar tubular extension, and is the
homologue of the pineal gland.

There are thus distinguished the rudiments of five fundamental con-
stitnents of the brain, under which it will be found convenient to bring

Fig. 720.—OvtLixe oF A
LONGITUDINAL  SECTION
THROUGH TH. BRAIN OF
A CHICK OF TEN DAYS.
{After Mihalkovies. )

h, cerehral hemisphere ; olf,
olfactory lobe and nerve; &,
corpus striatum : le, lateral
ventricle ; ae, anterior com-
missure; If, lamina terminalis ;
vpe, optic commissure 5 pit,
pituitary gland ; inf, infundi-
bulum ; ead, internal carotid
nriery ;3 %, third wventricle :
eh?, choroid plexns of thinl
ventricle ; pin, pineal gland ; by, corpora bigemina ; amr, anterior medullary velum :
below which two last references are the aqueduct of Sylvius and crura cerebri ; el [:[:rc:
bellum 3 o4, fourth ventricle ; ba, Lasilar artery ; pay, pons Varolii; ebd, choroid ['llt-..tu.s
of the fourth ventricle ; ol, medulla oblongata ; r, roof of fourth ventricle.

the notice of the development of the several parts forming the full-
grown organ, and which may in this association be shortly enumerated

as follows, viz, ;=
1. The cercbral hemispheres, with their ventricular hollows or lateral
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ventricles, the corpora striata, and the olfactory lobes.—a set of par
i ; ris
to which, as a whole, the name of procerebrum g* 11rase;wj,rhaion mal,]}r be
given.

2. The thalamencephalon with its cavity or third ventricl i
ocular pedicles, and the infundibulum, : wi

3. The mesencephalon, which is the same with the original middle
vesicle, and comprises the corpora quadrigemina and crura cerebri with
its contracted internal hollow, the iter a tertio ad quartum ventriculum
of human anatomy.

4. The next part in succession is the eerebellum, along with which i
included the pons Varolii and part of the fourth '-.?é:;mriul»:?. 5 s

5. The hinder part, which passes into the spinal marrow, is the
medulla oblongata, with the remainder of the fourth ventricle and its
continuation into the central spinal canal.

Fig. 730.—SKETCHES OF THE PRIMITIVE PARTS
OF THE HUMAN BRrAIN. (From Kolliker.)

1, 2, and 3 are from the human embryo of
about seven weeks. 1, view of the whole
embryo from behind, the brain and spinal
cord exposed ; 2, the posterior, and 3, the
lateral view of the brain removed from the
body ; &, the cerebral hemisphere (prosen-
cephalon) ; 4, the thalamenceplialon ; , the
infundibulum at the lower part of the same ;
wi, the middle primary vesicle (mesen-
cephalon) ; ¢, the cerebellum {(epencephalon) ;
mo, the medulla oblongata. Figure 3 shows
also the several curves which take place in
the development of the parts from the primi-
tive medullary tube. In 4, a lateral view is
given of the brain of a human embryo of
three months : the enlargement of the cerebral
hemisphere has covered in the optic thalami, leaving the tubercula quadrigemina, m,
apparent.

Im these five fundamental parts or rudiments of the brain, arising ont
of very simple modifications of the three primary encephalic vesicles, it is
mainly by an increased thickening of the meclu])im'}f wall in some of the
parts, and the relative thinning, or even the entire removal of the sub-
stance in others, that the changes accompanying the formation of the
cerebral masses are effected, while as a consequence of these and other
modifications of form, the several parts of the internal cavity, or
ventricles of the bramn, acquire the different degrees of expansion and
contraction, or the comparatively open or closed condition which they
exhibit in after life. Thus the cerebral hemispheres and corpora
striata are the main masses formed by the lateral thickening and expan-
gion of the medullary walls of the procerebrum, while the corpus
callosum and fornix are formed later by a deeper median development in
connection with these parts: the thalami optici are the most solid parts
of the lower and lateral region of the second rudiment: she corpora
quadrigemina are thickenings of the upper wall of the third rudiment,
while the crura cerebri arise by increased deposit in its lower part; the
cerebellum may be regarded as a large deposit in the upper wall of the
fourth rudiment, while the pons Varolii i8 a thickening of its lower
wall ; and' the parts composing the medulla oblongata are principally
formed by increased deposit in the lower and lateral wall of the fifth
rndiment.
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Thus, also, the lateral ventricles are two expansions of the forepart
of the original ventricular cavity which result from the dilatation of the
vesicles of the right and left cerebral hemispheres, and communicate
- with the central or third ventricle by the common foramen of Monro.
The central or third ventricle, originally the foremost of the
medullary hollow, is narrowed on the sides Ey the increased development

Fig. 731.—VERTICAL SECTIONS OF EMBRYONIO Fig. 751.
BRAINS IN TWO STAGES OF TRANSITION FROM
THE RUDIMENTARY CONDITION, MAGNIFIED

THRRE DIAMETERS. (From Reichert.)

A, Brain of the embryo pig in commencing
state of tramsition. 1, Right cerebrul hemi-
spharu:!,ﬂmlmmnl!ﬂm and position of

quadrigemina, i
tricle ; er, crura cerebri, below the agueduct
of SBylvias, now reduced in width; ¢,
bellam ; 4, fourth ventricle; pv, Pons Varolii ;
ut, medulla oblongata.

of the thalami optici, while inferiorly it is ?wiungﬁed and projects down-
wards as infandibulum into the pituitary fossa; and on the upper side
the wall of this ventricle comes to be opened up by the thinning away of
its medullary substance, and otherwise modified in connection with the
formation of the pineal gland. The continuation backwards of the
original ventricular hollow, greatly narrowed by the ultimate thickening
of the substance of the co quadrigemina and crura cerebri, forms
the agueduct of Sylvius; and is succeeded by the more expanded cavity

:

Fig. 732.—VERTICAL SECTION OF THE BRAIN OF A Fig. 732,
HUMAN EMBRYO OF POURTEEN WEEKS, MAGNXIFIED
THREE DIAMETERS. (From Reichert.)

¢, cerchral hemisphere ; ee, corpus callosum be-
ginning to pass back, f, foramen of Monro; p,
membrane over the third ventricle and the pineal
gll.ud:. th, bt::élmm opticus ',“:,Ithird ventricle ;
s olinctory ; o, corpora quadrigemina, mesen-
cephalon ; er, crura cerebri, and above them the
aqueduct of Bylvius still wide ; ¢, cerebellum, and
below it the fourth ventricle; pv, Pons Varolii;
m, medulla oblongata,

of the fourth ventricle, lying between the cerebellum and the lower wall.
The upper wall of the latter cavity undergoes great thinning like that of
the third ventricle, so as to be reduced in the before the cerebellum
to the thin lamina forming the valve of Vienssens, and in the part
behind it to be covered only by membrane, and to present an opening
from the cavity into the posterior sub-arachnoid space.

From what, has before been said of the relation of the fundamental
parts of the brain to the basis of the skull, it will be seen that the cere-
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bral development is intimately connected also with the great cranial
flexure which occurs at the pituitary fossa; for while the infundibular
prolongation of the thalamencephalon projects down into this fossa, and
the lamina terminalis lies in front in the position of the original fore-
most part of the encephalon, certain parts of the brain may be con-
gidered as situated terior to this point, viz., the mesencephalon with
crura cerebri, cerebellum with pons Varolii, and medulla oblongata,
while the cerebral hemispheres, with the corpora striata, corpus callosum,
and fornix, may be considered as formed in their earlier condition hy
forward expansion, and as sibuated in front of this turning point. But
though the connections of the cerebral hemispheres with the rest of the
brain may thus be regarded as anterior to the cranial centre, and
while in their earlier stages, and still of small size, they are actually
Placed as in the lowest vertebrates entirely in front of it, yet by the
ater great proportional development in the higher animals, and especi-
ally in man, the cerebral hemispheres come to progress backwards, and
suceessively to cover superiorly the thalami, corpora quadrigemina, the
cerebellum, and the medulla oblongata.

The developmental relation of the several parts of the brain to its
fundamental rudiments may be stated in the following tabular form :
{Gﬂrﬂlml Hemispheres, Corpors  Striata,

1. Prosencephalon.® g Callosum, Fornix, Lateral V-
Fore-brain, tricles, Olfactory bulb (Rhinencephnlon),

2, Thalamenceplalon. {Thu’lmni Optici, Pineal glaml, Pituitary

I. Anterfor primary Yesicle,
l {Dieneephalon.) by, Third Yentricle, Optic nerve (prin-

y  Inter-brain. ardly)
; F 4. Mesencephalon., Corpora Quadrigeming, Cenra Cerebri, Aque-
II. Middle primary Vesicle, [ llhl-l:rra::]u. duct of Bylvius, Optic llm'ctul.'wut'lm?'h'}*
4. ﬁgun:-phnlun. tﬂemlmIllmx. Pguu varolii, anterior part of

inil=lrrain. the Fourth Ventricle,
: dor prl Vesicle,
L & 4. Metancephinlon. []Imlul'fu Oblongats, Fonrth Ventricle, An-
After-birain. ditory nerve,

(See the reference to works on the development of the brain under the
Noas, 184—194.)

FARTHER DEVELOPMENT OF THE BRAIN IN MAN AND MAMMALS.

The full history of the development of the brain is so extensive and compli-
cated a subject that it will be necessary to limit ourselves here to a very hrief
indication of the principal facts regarding it, proceeding from behind forwards
in the order of the five fundamental parts of the brain above-mentioned.

1, Medulla Oblongata, Metencephalon, After-brain.—The medullary roof of
this part becomes at an early period more and more widened out laterally, and
reduced in thickness till at last scarcely any nervous substance remains, and the
lateral parts, along with the inferior, thickening by the great increase of the
medullary tissue, are thrown towards the side, and thus give rise to the 1-;:16.&
space which forms the fourth ventricle, bounded posteriorly by the narrowing
calamus geriptorius, and leading at its point into the canal of the spinal marrow,
There is subsequently formed in the roof the opening which leads from the fourth
ventricle into the subarachnoid space, and the pia mater, rich in blood-vessels,
becomes folded over the roof and forms the plexus known as the choroid of the

fourth ventricle. L
The three more solid constituent parts of the medulla oblongata begin to be

* This and the four following terms are adopted as applicable to the principal secondary
divisions of the primary medullary tube, and as Parrﬁappu{hflg_t.u the commonly re-
ceived names of the (erman embryologists, viz., Vorderhirn, Zwischenhirn, Mittelhirn,
Hinterhirn, and Nachhirn, or their less used English translations, given above.



THE CEREBELLUM. 829

distinguishable about the third month ; first the restiform bodies, which are con-
nected with the commencing cerebellnm, and afterwards the anterior pyramids
and olives. The anferior pyramids become prominent on the surface and dis-
#inctly defined in the fifth month; and by this time also their decussation is
evident. The olirary fasciculi are early distingunishable, but the proper slirary
body, or tubercle, does not appear till about the sixth month. The fasciole
cinerea of the fourth ventricle can be seen at the fourth or fifth month, but the
srhite strie not until after birth.

2. The Cerebellum, Epencephalon, Hind-brain.—In the human embryo the
cerebellum exists at the end of the second month, as a thin medullary lamina,
forming, as in many of the lower vertebrate animals, an arch behind the corpora
q inn across the wide primitive medullary tube.

According to Bischoff, the cerebellum does not commence, as was previonsly
supposed, by two lateral plates which grow up and meet each other in the middle
line ; but a continnous deposit of nervous substance takes place across this part

Fig. 733.—BRAIN AND SPINAL CORD EXPOSED FROM BEHIND IN
A Farvs oF THREE MOXTHS, (From Kiélliker,)

&, the hemispheres ; m, the mesencephalic vesicle or corpora
quadrigemina, ¢, the cerebellnm ; below this are the medulla
oblongata, me, and fourth ventricle, with remains of the mem-
brana obturatoria. The spinal cord, s, extends to the lower end
of the sacral canal, and presents the brachial and crural en-
largements.

of the medullary tube, and closes it in at once. This layer
of nervous matter, which is soon connected with the
corpora restiformia, or inferior peduncles, increases gradu-
ally up to the fourth month, The middle lobe is the first
formed, and remains for a considerable time the

mass of the cerebellum. The lateral lobes follow, and
there is seen about the fifth month a division of these
into the subordinate lobes ; at the sixth, these lobes semd
out folia, which are at first simple, but afterwards become
subdivided. Moreover, the hemispheres of the cerebellum
are now relatively larger than its median portion, or worm.
In the seventh month the organ is more complete, and
the focowlus and posterior velum, with the other parts of
the inferior vermiform process, are now distinguishable,
except the amygdale. which are later in appearing.

Of the peduncles of the cerebellum, the inferior pair (corpora restiformia) are
the first seen—viz., about the third month ; the middle peduncles are perceptible
in the fourth month; and at the fifth, the superior peduncles and the Viens-
senian valve, The pons Tarolii is formed, as it were, by the fibres from the
hemispheres of the cerebellum embracing the pyramidal and olivary fasciculi of
the medulla oblongata below. According to V. Baer, the bend which takes place as
this part of the encephalon thrusts down a mass of nervous substance before any
fibres can be seen ; and in this substance transverse fibres, continuous with those
of the cerebellum, are afterwards developed. From its relation to the cerebellar
hemispheres the pons keeps pace with them in its growth ; and, in conformity
with this relation, its transverse fibres are few, or entirely wanting in those
animals in which there is a corresponding deficiency or absence of the lateral
parts of the cerebellum, as in marsupials and monotremes,
ins'bhn. Mesencephalon, Mid-brain.—The corpera guadrigeming are formed

© upper part of the middle cephalic vesiele ; the hollow in the interior of
which communicates with those of the first and third vesicles, The corpora
quadrigemina, in the early condition of the human embryo, are of great propor-
tionate volume, in harmony with what is seen in the lower vertebrata : but sub-
sequently they do not grow so fast as the anterior parts of the encephalon, and
are therefore goon overlaid by the cerebral hemispheres, which at the sixth month
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cover them completely. Moreover, they become gradually solid by the deposi-
tion of matter within them ; and as, in the meantime, the cerchbral pedunecles ave
increasing rapidly in size in the floor of this middle cephalic vesicle, the cavity
in its interior is quickly filled up, with the exception of the narrow passage
named the Sylvian agueduct, The fillet is distinguishable in the fourth month.
The corpora quadrigemina of the two sides are not marked off from each other
by a vertical median groove until about the sixth month; and the transverse
depression separating the anterior and posterior pairs is first seen about the
seventh month of intra-uterine life.

Fig. 734.—LATERAL VIEW OF THE
BRAIN OF AN EMDRYO CALF OF O
os. (From Balfour, after Mihal-
kovies. )

The outer wall of the left hemi-
sphere is removed to show the in-
terior of the lateral ventricle; As,
cut wall of the hemisphere; s,
corpus striatum ; am, hippocampus
major ; ¢, choroid plexus of ventricle ;
Jm, foramen of Monro; op, optic
tract ; in, infundibulom ; mb, mid-
brain ; cb, cerebellum ; 1v.v, roof
of fourth ventricle ; ps, pons Varolii ;
with fifth nerve and Gasserian
ganglion.

Fig. 734.

The internal geniculate bodies belong to this division of the brain,

4. The Thalamencephalon, Inter-brain.—It is from this part, constituting at
first the whole and subsequently the hinder part of the anterior primary encephalic
vesicle, that the optic vesicles are developed in the earliest period, and the forepart
is that in connection with which the cerebral hemispheres and accompanying parts
are formed. The thalamus opticns of each side is formed by a lateral thickening
of the medullary wall, while the interval between, descending towards the
base, constitutes the cavity of the third ventricle with its prolongation in the in-
fundibulum. The grey commissure afterwards stretches across the ventricular

Fig. 785. Fig. 735.—Braix oF THE HUMAY EM-
£ 2 BREYO OF THREE MoNTus, NATURAL
gize. (From Killiker. )

In 1 the view is from above, the
upper part of the cerebral hemispleres
and mesencephalon having been re-
moved. f, fore part of the divided
wall of the hemisphere ; f, hind part
of the same which becomes the hippe-
campus turned in ; esf, corpus strintum ;
tho, thalamus opticus.

In 2 the lower surface is represented ;
to, tractus opticus; and in front of
this the olfactory bulbs and tracts ; cm, single mass of the corpora mammillaria not yet
divided ; p, pons Varolii. The cerebellum and medulla oblongata, ma, are seen behind
and to the sides in both figures,

cavity, The medullary roof of this part on the other haqd thil_:m down 1mpidl_v_.
and is at last reduced only to a folded membrane, in connection with the pia mater
of which the choroid plexus of the third ventricle is formed. The hinder part
of the roof is developed by a peculiar process to be noticed later into the pineal
gland, which remains united on each side by its +]}Eﬂl¢1&5 t.-:: the thalamus, and
behind these a transverse band is formed as posterior commissure. .
The lamina terminalis (lamina cinerea) continues to close the third ventricle
in front, below it the optic commissure forms the floor of the ventricle, and
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| further back the infundibulum descends to be united in the sella turcica with the
tissne adjoining the posterior lobe of the pituitary body. :
Thnﬂu optie thalami, formed from the posterior and outer part of the anterior
vesicle, consist at first of a single hollow sac of nervous matter, the cavity
of which communicates on each side in front with that of the commencing

Fig. 786, —BRAIN ANXD SPINAL CORD OF A FETUS OF FOUR Fig. 736.
‘MowTHS, SEEX FROM pEHIND. (From Kolliker.)

h, lLemispheres of the cerebrum ; m, corpora quadrigemina
or mesencephalon ; ¢, cerebellum ; mo, mednlla oblongata, the
fourth ventricle being overlapped by the cerebellum ; s s, the
spinal cord with its brachial and erural enlargements.

eerebral hemispheres, and behind with that of the middle
cephalic vesicle (corporn quadrigemina). Soom, however,
by increased deposit taking place in their interior behind,
below, and at the sides, the thalami become solid, and at
the same time a cleft or fissure appears between them above,
and penetrates down to the internal cavity, which continues
open at the back part opposite the entrance of the Sylvian
aqueduct. This cleft or fissure is the third ventricle.
Behind, the two thalami continue united by the pasterior
commizanre, which is distingnishable about the end of the
third month, and also by the pedwneles of the pineal gland.
The saft commissure probably exists from an early period,
although it could not be detected by Tiedemann until the
ninth month,

At an early period the aptic tracts may be recognised as
hollow prolongations from the outer part of the wall of the
thalami while they are still vesicular. At the fourth month s
these tracts are distinetly formed. They subsequently are
prolonged backwards into connection with the corpora
quadrigemina., y

The formation of the pineal gland and pituitary body
presents some of the most interesting phenomena which are connected with the
development of the thalamencephalon.,

Pineal Gland. Epiphysis Cerebri.—As already stated, this body is formed by
an out-folding from the back part of the inter-brain roof. at a place where the
opposite sides remain united by nervous matter afterwards giving rise to the
pineal peduncles. This body consists at first in all vertebrates of medullary sub-
stance covered by pian mater, and forms a median projection upwards, which in
the lower tribes is also directed forwards in the form of a tube which reaches the
roof of the eranium, and in some is united with or even passes through the
cranial wall, It is in all deeply indented by vascular folds and growths of the
pia mater. In mammals the original development of the pineal gland is the
samé a8 in the lower tribes ; but it remains comparatively short, and its direction
is backwards ; and though it is at first permeated by epithelial tubes, or suhb-
divisions of the ventricular eavity, it becomes at a later period solid by the
deposit of various cellular and other materials, The gritty deposit was found in
it by Bemmerring at birth,

Pituitary body. Hypophysis Cerebri.—The general nature of this bedy in
connection with an outgrowth of the brain on the one hand and a diverticulnm
of the alimentary eanal on the other, and which was first pointed out by Rathke
(1838, No. 195), has been already adverted to. The researches of W, Milller
(No. 197), Goette (No. 200), and Mihalkovies (No. 198), have fully confirmed
Rathke's view, and lead to the following general conclusions regarding it.

The infundibulum, as is well known, is a prolongation of the medullary wall
of the third ventricle, originally in continnity with the epiblast; while the
diverticclum from the alimentary canal is not, as was at one time supposed, from
the pharynx, but from the mouth. and its lining is therefore continuous with the
same layer of the blastoderm. Thisdiverticulum is formed at an early period from




832 THE NERYOUS SYSTEM.

the :Fidﬂl_a of the upper and back part of the buccal cavity hefore the faucial
opening into the pha.r;r_nx has taken place. The anterior attenuated extre-
mity of the notochord is placed between the cerebral and buceal outgrowths
but it disappears as the lower one extends upwards and comes to unite with the
infundibulum, and then the notochord is lost in the floor of the pituitary fossa
with which both the outgrowths cohere (Mihalkovics), i

Fig. 737.—VEnvican sxcTion op TnE
INFUNDIBULUM AND PITUITARY DIVER-
TICULUM IN THE RABBIT'S EMBRYO,
AFTER THE OPENING OF THE FAUCES.
(From Milalkovies.)

For the earlier stagessee fig. 705, p. 807,
A and B,  be, dorsum gellw ; if, in-
fundibulum ; tha, floor of thalamen-
cephalon ; py, pituitary diverticulum,
now closed ; p, stalk of original com-
mumneation with the mouth ; pk, pharynx ;
ch, mnotochord in the spheno-occipital
part of the cranial basie,

The flask-like outgrowth of the
bucecal epiblast which gives rise to
the hypophyzis cerebri, is now gradu-
ally shut off from the corneous layer
and cavity of the mouth by the con-
striction and subsequent closure of
its communicating pedicle. There
remains, however, for a consider-
able time, a longish thread of umion between the two. The epithelium
of the enclosed portion subsequently undergoes development into glandular
cieea and cell-cords, and its intermal cavity becomes gradually obliterated.
This forms the anterior part or lobe of the pitnitary body. The posterior
part owes its origin in all vertebrates to the combination with mesoblastic
tissue of a widened extension of the infundibular process of the brain, which is
thrust in between the sac of the pituitary body and the dorsum gelle. The
nervous structure of this posterior lobe afterwards disappears in the higher
animals, but in the lower the posterior lobe retains its place as a part of the brain.

The possibility of establishing a general homology between vertebrate and
invertebrate animals, involves important considerations as to the relations of the
forepart of the alimentary eanal to the brain., In a recent memoir on this sub-
ject ( No. 201), Professor Owen puts forward the view that the “ conario-hypo-
physial tract,” or passage through the pituitary diverticulum, infundibulum, third
ventricle and pineal gland, may have been the means of carrying the anterior
part of the alimentary canal from the ventral or hwmal to the dorsal or neural
gide of the head in an ancestral form of the vertebrate animal and that thus (one
of them being inverted) the several sets of organs in the two great divisions of the
animal kingdom might be brought into corresponding relative position. According
to the view taken by Dohrn (No. 199), the fourth ventricle is the place where the
esophagus may be supposed to have pierced the nervous ring.

5. Prosencephalon, Fore-brain.—Each hemisphere-vesicle may be considered
to consist of two parts : one of these is the part which from the interior appears
as the corpus striatum, and from the exterior as the island of Reil, or central
lobe ; the other forms the expanded or covering portion of the hemisphere, and
is designated by Reichert the mantlc, The lateral ventricles are placed internally
between these parts. The aperture existing at the constricted neck of the ven-
tricle where it expands into the hemispheres is the fornmen of Monro.

The corpora striata, it will be observed, have a different origin from the optic
thalami ; for, while the latter are formed by thickening of the circumferential
wall of a part of the first cerebral vesicle, and thus correspond in their origin
with the parts of the encephalon behind them, the corpora strinta appear as
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thickenings of the floor of the hemisphere-vesicles, which are lateral off-shoots

from the original medullary tube. On this account, Reichert considers the brain

divisible into the stem, which comprises the whole encephalon forwands

.~ to the tenia semicirenlaris, and the hemisphere-vesicles, which include the cor-
. pora striata and hemispheres,

The cerebral hemispheres undergo enlargement at an early period in mammals,

-
B
).

A

Fig. 738, —NEMIDIAGRAMMATIC VIEWS OF THE INXER SURFACE OF THE RIGHT CEREBRAL

HEMISPHEEE OF THE FETAL BRAIN AT VARIOUS STAGES OF DEVELoPMENT. (From
Schmidt. )

1, 2, and 3, are from fatuses of the respective ages of eight, ten, and sixteen weeks ;
4, from a foetus of six months. @, lamina terminalis or part of the first primary vesicle
which adheres to the sella turcica ; b, section of the cerebral peduncle as it passes into
the thalamus and corpus stristum ; the arched line which surronnds this bounds the great
cerebral fissure ; ¢, anterior part of the fornix and the septum lucidum ; o, inner part
of the arch of the cerebrum, afterwards the hippocampus major and posterior part of
the fornix ; ¢, corpus callosum very short in 3, elongated backwards in 4 ; in 4, f, the
marginal convolution ; %, calloso-marginal fissure ; g, gyrus fornicatus ; p', the parieto-
occipital fissure descending to meet the ealearine fissure ; I, olfactory bulb; F, T, O, T,
frontal, parietal, occipital and temporal lobes,

| and especially in the human embryo, so that at the tenth week they have greatly
surpassed in size all the other parts of the brain. They then form large hollow
bodies with comparatively thin walls superiorly, the lateral ventricles being greatly

Fig. 730.—ViEw or THR INNER Fig. 738,
SURFACE OF THE RIGHT HALF
OF THE WETAL BRAIN OF ABOUT
six MoxTHs. (From Heichert.)

P, frontal lobe ; P, parietal ;
0, oecipital ; T, temporal; I,
olfactory bulb; II, right optie
nerve ; fp, calloso-marginal fis-
sure ; p, external ; ', internal
parts of the parieto-occipital fis-
sure; A, calcarine fissure ; g, gyrus
fornicatus ; ¢, ¢, corpus callosum ;
#, septum lucidum ; f, placed
between the middle eommissure
and_ the foramen of Monro:
v, 1n the upper part of the
third ventricle immediataly be-
low the velum interpesitum and
:‘;rmtllu_; *;:', in the hack part of
hie third ventricle below the pineal gland, and pointing by a line to the aqueduct of
Syivius ; ¥", in the lower part of the third ventricle above the infundibonlum ; i*, recessils

l'i“""iiil-“:‘l"iqﬂ backwards from the tela chorvidea i pvy pons Yarolii ; Ce, cerebellum.
3 O H
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dilated, and communicating by a wide aperture with each other, and with the
third ventricle, by the foramen of Monro. The growth of the hemispheres takes
place progressively from before backwards, go that they come to cover in succes-
gion the thalami, corpora quadrigemina and cerebellum, which all originally stood
in a series behind them, as they do permanently in the lowest vertebrates. By
the end of the third month the hemispheres have extended so far backwards as
to cover the thalami ; at the fourth they reach the corpora quadrigemina ; at the
gixth they cover those bodies and great part of the cerebellum, beyond which
they project still further backwards by the end of the seventh month.

The floor especially of the hemispheres thickens considerably, and the corpus
strintum increasing greatly in magnitude, at the same time projects upwards into
the lateral ventricles so as to give these cavities an arched form and mark out
their anterior and descending cornua, while externally the distinction between
the frontal and temporal lobes is indicated by the wide depression of the fossa of
Sylvius, The floor of this part below the corpora striata becomes the island of
Reil, or central lobe, The corpora striata and thalami, which are at first distinet,
become more and more completely united together, "

Fig. 740,

Fig. 740, —TRANSVERSE SECTION THROUGH THE BRAIN OF A sfm-:m-’s EMBRYO OF 2°7
ox. 18 vexari.  (From Balfour, after Kolliker.)

The section passes through the hemispheres and third ventricle. st corpus strintum ;
th, optic thalamus ; ¢, third ventricle; ¢, their divergence into the walja of the ‘]12!1113-
pheres ; I, lateral ventricle with choroid plexus pl ; h, hippocampus major ; 9 _pnmﬂ;}vc..-
falx : @, orbito-sphenoid ; sa, presphenoid ; p, pharynx ; ch, chiasma ; o, optic nerve ;
anm, foramen of Monro ; 5, covering of lateral ventricles,

A deep notch separates the hemispheres above and pl_}at.eﬁoﬂ}} but in front
they are united together in the place of the original lamina terminalis, and here
as farther back the inner walls becoming thinner are united together in a narrow
partition which is the source of the septum lucidum and the commissures, The
first of these to arise is the anterior commissure, whl_c:h 18 .nlsq the lowest ng:d
unites the corpora striata. The fornix comes next in its anterior part, which
with its pillars and the corpora albicantia is at first single and median ; tEE
posterior pillars follow, running back on each side into the cornu Ammonis of l:lF:'
descending cornua. The corpus callosum is last formed, consisting nt-_ﬁrst: 0; 3
of its fore part, as is permanently the case in monotremes and marsupials ; but
as the hemispheres extend themselves hackwards, the corpus callosum elongates



VT

L S

Ty T A

e e e L = e e AT R

T T T W T T TS T

THE CEREBRAL HEMISPHERES. 8356

in the same direction, thus forming a roof for the subjacent lateral ventricles
and other parts. 3

The fifth ventricle in the septum lucidum is not a part of the original common
ventricular cavity of the brain, but is formed ¥.

At the lower part of the inner walls two horizontal folds make their appear-
ance below those of the fornix and hippocampi, which are covered by pia mater,
and which, extending backwards from the foramen of Monro, cover in the third
ventricle and occupy the greant transverse fissure of the brain, These folds,

ing themselves laterally and backwards, and becoming more and more
plicated and vascular at the edges, give rise to the choroid plexus of the lateral
ventricles and the velum interpositum.

The alfactory lobes are outgrowths from the lower and lateral parts of the
ecerebral hemispheres, being more immediately connected with the frontal lobes,
but extending through the fissure of Sylvius as far as the temporal or middle
lobes, They are at first hollow, and in some animals their cavity is in permanent
communication with the lateral ventricles, In man they become solid at an
early period,

Development of the Conveolutions and Sulei.—Adopting the distinction of
the convolutions and sulei of the cerebral hemispheres as of two kinds, viz.,
* primitive " and * secondary,”’ according as the former result from a folding of

Fig. 741,

Fig. 741.—Tux Surrack or e Ferat Brax ar Six Moxtus, (From R. Wagner.)

This figure is intended to show the commencement of the formation of the principal
fissures and convolutions. A, from above ; B, from the left side. F, frontal lobe ; P
parietal ; O, occipital ; T, temporal ; @, w, a, slight appearance of the several frontal
convolutions ; # the Sylviun fissure ; &, its anterior division ; within it, C, the central
E:u or convolutions of the island ; », fissure of Rolando; p, the parieto-occipital

ure,

the whole substance of the wall of the hemisphere, while the latter consist merely
of depressions and elevations of its more superficial portion, it may be stated,
with respect to their development, that the first of the primitive sulci to appear is
the fissure of Sylvius, which is visible before the end of the third month ( Ecker)
a8 & wide shallow depression or fossa between the anterior and middle lobe of
each hemisphere. Of the remaining primitive sulei, the hippocampal or dentate,
the' parieto-occipital and the calearine, also begin to appear during the third
month, and by the end of the fifth month are well established.

The secondary sulei begin to appear about the fifth or sixth month : the first
of ﬂ:_aua to be seen is the sulcus centralis, or fissure of Rolando, By the end of
the sixth month the transverse frontal and inferior frontal furrows have appeared
on the otherwise smooth surface of the frontal lobe, and at about the same time
the first indications of the intraparietal fissure, with its continuation on the
oceipital lobe as the superior occipital furrow, the parallel, the calloso-marginal

dm2
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and collateral fissures become vigible on the outer and inner aspects of the hemi-
spheres. The lower surface now shows a slight trace of the inferior temporal
furrow ; and the fissure of Sylvius, which was at first a wide fossa, at this period
begins to close in, especially at its hinder portion, an indication of its anterior
division becoming now visible,

By the end of the seventh month nearly all the chief features of the cerebral
convolutions and sulei have appeared. The superior frontal fissure can now he
geen, and the three frontal convolutions are well marked. The fissure of Rolando
has increased in length and depth. While the sulei that have already been
spoken of are becoming better marked, the transverse occipital appears for the
first time. Within the fissure of Sylvius, which has now a trinngular form, two
depressions are seen, the anterior bounding a prolongation of the olfactory tract,
the posterior dividing the greater portion of the floor of the fissure into a fore °
and hind part. The island of Reil shows three convolutions divided by the forked
sulcus insulme primus, The sulei visible on the under surface of the hemi-
spheres are still few and indistinet. Indications are found of a branched orbital
sulcus, and of the olfactory suleus, in which lie the olfactory bulb and tract. The
middle temporal convolution, and the uncus and gyrus hippocampi, have now
become fairly prominent.

During the eighth month a furrow appears behind the fissure of Rolando,
parallel to it, and joining the intraparietal. This is the sulcus posteentralis of
Ecker. The transverse oceipital furrow now becomes very distinet, and joins the
intraparietal farther back. The last fissures to appear are the inferior occipito-
temporal and a small furrow crossing the end of the calloso-marginal. (Consult
Nos, 28, 190, and 191.)..

II. THE NERVEE.

Very little was known till lately of the exact mode of origin of the
peripheral nerves, and it was generally supposed that they were formed,

Fig. T42. Fig., 742, —TRANSVERSE SECTION THROUGH THE TRUNK
OF AN EMBRYO SHARK, TO SHOW THE NEURAL CREST.
(From Balfour.)

ne, nearal canal ; pr, posterior root of spinal nerve ;
x, sub-notochordal rod; ao, aorta; se, parietal meso-
blast ; sp, visceral mesoblast ; mp', muscle plate ; mp,
portion of muscle plate converted into muszle ; Vv,
portion of the vertebral plate whieh will give rise to the

vertebral bodies; af, alimentary canal.

as held by Remak, in more or less immediate
connection with the parts of mesoblastic
origin in which they were distributed. The
only known fact inconsistent with this view
was that the anterior or motor roots of the
spinal nerves had been found to bud ount from
the ventral side of the spinal cord. The
recent researches especially of His, Balfour,
and Marshall, Kolliker, Hensen and others,
have thrown quite a new light on this subject, and have shown that all
the peripheral nerves, cerebro-spinal and sympathetic, with their ganglia,
emanate orizinally from the primary brain and spinal marrow, that they
have therefore an epiblastic origin, and that they spread more or less from
thence into the different parts of the body. (See Nos. 28 and 202—205.)

Spinal Nerves.—Iollowing the description of their origin given by
Balfour and Marshall, it may be stated that the posterior roots of the spinal
nerves and most of the cranial nerves, with their respective ganglia, which
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~are formed before the anterior roots, proceed from a series of cellular
 swellings, constituting the neural erest, which are in continuity with the
- medullary plates close to the place of inflection of the epiblast into the
involution which forms the primary brain and spinal cord. These root
~ swellings are in some animals connected together by a longitudinal band
- orcommissure. In the primitive n?mjectium there are soon distingunished
- a narrower first part or root, then a thicker part, the ganglion, and
farther down a part of the nerve extending beyond it. The ruotorg;
- nally connected with the upper part of the medullary wall close to
mmi':;n line slips down, as it were, upon the side, and is subsequently

!E

Fig. 743.—8gorion THROUGH Fig. 743.
THE DORSAL PART OF THE
TRUSK OF A TORPEDO EM-
pryo, (From Balfour.)

pr, posterior root of
nerve; g, spinal ganglion ;
nerve ; ar, anterior root ;
notochord ;  me, mneunrnl
canal ; mp, muscle-plate,

united laterally with the
ml;og:‘lllary :!tl.nluwar
p eaving the upper
' andnfthermtfurn?il::e
apparently free, T};js
process ins in the
chick at the end of the
second day, and in the
embryo of the rabbit on
the ninth day.

The anterior roots of
the spinal nerves are also
outgrowths from the medullary wall. They begin to appear somewhat
later than the posterior roots, as projections from its ventral side, and
- extending from thence outwards, come to join the nerve which emanates
- from the ganglion of the ior root ; and from this point the com-
%J::nd nerve grows to the periphery or region of its distribution.

place at which the anterior roots spring from the spinal cord is
not opposite to the corresponding lor root, but midway between
that root and the succeeding one. th roots and ganglion have at first
a cellular structure, and their fibres are of later crigin, the cells being
largest in the ganglion, and the fibres appearing earlier in the anterior
than in the lor roots,

Cranial Nerves.—Most of the cranial nerves, viz., the olfactory, the
3rd, 5th, and 7th, the auditory, the glossopharyngeal, and the vagus,
arise from a neural crest in a manner analogous to the spinal posterior
roots ; and in the chick the ridge from which some of them spring is
ﬂﬂm@ tible even before the closure of the medullary canal at its dorsal
[-,}I: ﬂm:lﬂesutmn (Marshall) ; and as it is more immediately attached to

¢ ullary than to the epidermal part of the epiblast, the cranial
‘mlf-mﬂh may be regarded as taking their origin from the rudimentary

The cerebral neural crest is continuous with that of the spinal

——
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marrow. It extends to the roof of the mid-brain, and there is the same
shifting downwards of the attachment of the roots to the neural crest
a8 In the spinal nerves. In most of the nervesit has been observed
that a subdivision occurs into portions representing a root, a ganglion,
and a peripheral nerve-trunk. The change of the place of attachment
is most remarkable in the case of the third nerve, which is carried down
quite to the lower surface of the mid-brain.

The sixth and the twelfth (or hypoglossal) nerves may arise, according
to Marshall, as motor or lower roots of certain of the other nerves ; but

Fiz. 744,

Fig. 744, —TRANSVERSE SECTION THROUGH THE POSTERIOR PART OF THE MEAD OF AN
EMBRYO OHICK oF 30 mounrs, (From Balfour,)
kb, hind-brain ; 1y, vagus nerve ; ep, epiblast ; ok, notochord ; &, sub-notochordal rud.
al, throat ; Af, heart; pp, body-cavity ; so, parietal mesoblast ; &f, visceral mesoblast ;
Ly, hypoblast.

the mode of origin of these two nerves, as well as of the fourth, has not
yet been fully ascertained, and Balfour doubts whether the cranial neryes
before described as arising dorsally from aneural ridge or crest, are, like
the dorsal roots of the spinal nerves, exclusively sensory. Some of t_lw?l’
he holds, are undoubtedly mixed, and all of them may be so. (No. 205.)

The olfactory nerve is certainly an outgrowth from the fore-brain ; but whether
from an extension forwards of the nenral crest or not is still doubtful. In the
olfactory nerve of mammalian embryoes, A. Fraser has observed the root g&::ughun
and two main divisions of the nerve forking over the nagulhqlt (see fig., T45).

The origin of the Optic nerve and retina from the primitive med.ullnry fore-
brain (as will be ghown later) is different from that of all other nerves, s

The fifth nerve, shortly after its origin in connection v_nt.h f neural crest dje
the rest, undergoes the shifting change of position, and is united to til}f ruth-
ment of the large Gaseerian ganglion. Of its three principal bran ; egh_ cﬁ
inferior maxillary belongs to the mandibular fi.mh, in t‘hF hinder part nd;{; ;m-
it is placed. Its ophthalmic and superior maxillary dwmu:!ns are preman uTh .
and according to Balfour probably belong to face-arches in that mt-uut.lglr:. -hﬂe
superior and inferivr maxillary divisions fork over the EIEFb of th_i}_ monuth, "I:'IEI e
the ophthalmic branch is connected with the third nerve in the ciliary ganglion,
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The facial and anditory nerves appear to have a common origin. The main

of the facial, as seen at an early period, is the hyeid arch. but it also
‘semds forward a branch which is very large in young embryoes, forks over the
: mandibular cleft, and joins the inferior maxillary of the fifth in the mandi-
bular arch as the chorda tympani of mammals. Besides this, two other branches

Fig. 745.

J

Fig. 745.—0UTLINE DIAGRAM OF THE HEAD OF A MAMMALIAN EMBAYG, CORRESPONDING
T A HUMAN EMBRYO OF RIGHT WEEKS, SHOWING THE RELATION OF BOME OF THE

FRINCIPAL CRANIAL NERVES T0 THE VISCERAL ARCHES AND THE DEVELOFPMENT OF
THE 0sSICULA AvpiTus. (After A, Fraser, A.T.)

¢, Cerebral hemispheres; th, thalamencephalon; m, midbrain; b, cerebellam ; mo,
medulla oblongata; o, eye; 7, olfactory ganglion and nerves passing to nasal cleft ; 111,
third nerve; V7, fifth nerve with Gasserian ganglion and its three branches: V17, facial
nerve ; of, its chonda tympani branch; VZ//, the auditory nerve;: JX, glossopharyngeal
nerve forking over the second postoral eleft; X, vagus ; 1, lachrymal cleft ; me, maxillary
arch ; m, mouth with indication of tongue ; mn, mandibular cartilage with mallens form-
g in its proximal part; 4, inens forming in the second cartilaginous arch ; ¢, indication
:':f t:li: lower part of tympanic ring; au, the auditory capsule, semicirenlar canals, ke, ;
ahﬁﬂ!‘“iﬂh&n eartilage; thy, thyro-hyoidean cartilage; 1, 2, 3 and 4, indieate the places

i “mrﬂ c:sfts which are now closed ; &, aortic bulb; v, ventricles of the heart; a,

proceed forward from the facial, which are rtionally large in th
viz., the superficial ophthalmic and the Inlntlllmnr superficial petnmgj.m:vm

$ wvﬂlg associated with the ophthalmic and superior maxillary divisions of
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The anditory nerve, which proceeds at once to join the labyrinth of the ear,
has a ganglion developed upon it at a very early period.

The glosso-pharyngeal nerve is connected with the third visceral or first true
branchial arch, and in the lower vertebrates the pneumo-gastric or vagus is dis-
tributed to this and the branchial arches which follow in whatever number they
may be, These nerves have in the chick a common origin from the dorsal
neural crest of the after-brain, but, like the other nerves previously mentioned,
they afterwards shift downwards so as to be placed on the sides. i

According to Balfour some of the cranial nerves, such as the third, fifth and
facial, besides the glossopharyngeal and vagns, may be held to bear definite rela-
tions to mesoblastic somites or musele pldtes of the head, each being placed
immediately behind the head-cavity of its respective somite. As stated by Parker,
this relation is the following. Each of these nerves divides or forks above a
visceral cleft, one division going to the posterior face of the arch in front of the
cleft, the other to the anterior face of the arch behind it.

Fig. 746. Fig. 746. —LoXGITUDINAL VERTICAL SECTION THROVGH

PART OF THE BODY-WALL OF AN ELASMOBRANCH EX-
BRYO SHOWING TWO SPINAL NERVES AND THE SYM-
PATHETIC GANGLIA BELONGING To THEM. (From
Balfour.)

ar, anterior root; pr, posterior root; sy.g, sym-
pathetic ganglion ; mp, part of muscular plate,

The orbito-nasal and the palatine divisions of
the trigeminus belong to an anterior arch, the
former above, the latter below the optic nerve.
The superior maxillary division follows the palato-
pterygoid arch, the inferior maxillary nerve ac-
companies the mandibular arch.

The facial nerve divides above the hyo-mandibular cleft, its anterior part
(chorda tympani) going to the posterior side of the mandibular arch, and its
posterior part to the outer or anterior side of the hyoid arch.

The glosso-pharyngeal nerve, by a similar division, goes by its anterior branch
to the posterior side of the hyoid arch, and by its other division to the front of
the first branchial or thyro-hyoid arch.

In the higher animals the pneumo-gastric nerve shows no close relation to the
clefts, but in branchiate vertebrates it forks over the remaining gill clefts and
eupplies branches to the gill arches,

sy.g

Sympathetic Nerves.—It has been ascertained by Balfour that the
sympathetic ganglia and neryes arise in connection with the gangliated
roots of the cranial and spinal nerves, and they may therefore be regarded
as springing from the same neuro-epiblastic source. This fact has been
confirmed for birds and mammals by Schenk and Birdsell (No. 207).

The gangliated cord of the sympathetic has been described and
figured by Kolliker in the human feetus of eight or ten lines long. The
peripheral sympathetic nerves are also formed at a very early period,
and are perceptible in a feetus of three months,

The Suprarenal Bodies.—The belief of a relation subsisting between the supra-
renal bodies and the sympathetic ganglin of the nervous system seems to have
originated with Bergmann in 1839, and to have received confirmation on emhryo-
logical grounds from Remak in 1847, who called these bodies “ nerve glands.” ]_fb
has, in fact, been long known that they have not any connection either by their
origin or their permanent structural relations with the Wolffian bodies or with the
kidneys. Leydig showed (1853) that in the adult plagiostomes, ganoids and reptiles
the organs which represent the suprarenal bodies of the higher animals consist of
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two separate sets of parts, of which one is intimately associated with the sympa-
thetic ganglia and contains ganglionic cells, while the other is of a different
nature. Kolliker's observations in the human embryo (No. 28, i. p. 618) gave
further support to the view of the nervous nature and origin of these bodies;
and more recently the researches of Balfour in elasmobranchs, Braun in reptiles
and Brunn in birds, have led the first of these authors to state confidently the
general view that while in elasmobranchs and some others of the lower verte-
brates (No. 32, Vol, IL pp. 548-9) the suprarenal bodies consist of two distinct parts,
viz., one median and single which he proposes to call * interrenal " of mesoblastic

- origin, and the other paired and derived from the sympathetic ganglia, in the
~ amniota these two sets of parts are combined in the paired organs which consti-

tute the compound suprarenal bodies. The development of these two sets of
parts is, however, distinet ; that derived from the mesoblast being converted into
the cortical part, and the substance which proceeds from the ganglia being
enclosed within the first in the course of their development.

The development of the suprarenal bodies of mammalia has very recently been
made the subject of investigation by Mitsukuri (No. 212) in the rabbit and
rat, the result of which fully confirms Balfour's views, and shows that in these
animals the medullary part of the suprarenal bodies arizes by development from
the sympathetic ganglia of the abdomen lying below the aorta, that the cortical
substance is of a totally different nature and of mesoblastic origin, and that the
two sets of parts are gradually combined in the course of their formation, The
medullary or nervous substance is at first sitnated outside the cortical or meso-
blastic element, but gradually insinnates itself into the interior, retaining, how-
ever, some connection with the neighbouring ganglia. In the lower vertebrates,
as alrendy stated, this combination has not taken place, the two components of

the suprarenal bodies remaining distinct and separate,

IIT. PRINCIPAL ORGANB OF BENEBE:
I. THE EYE.

Primary Development —The embryonic structures forming the eyeball
and its contents may be considered as proceeding from three so
viz., 1st, by evolution or expansion from the medullary wall of the thala-
mencephalon, giving rise to the retina in its nervons and pigmental
structure and to the optic nerve ; 2nd, by involution and development
of a part of the cuticular epiblast, forming the foundation of the lens and
bhe epithelinm of the conjunctiva ; and $rd, by the intrusion of mesoblastic
elements between and around the other parts, so as to furnish the materials
out of which are formed the cxtemﬂra coverings of the eyeball, cornea
and sclerotic, the fibrous and vascular choroid, the ciliary apparatus and
iris, the capsule of the lens and the capsulo-pupillary membrane, the
vitreous humour, and all the fibrous and vascular parts of the organ.

The very early formation of the primary optic vesicles has been
already mentioned, p. 823. The bulging wall of the anterior primary
vesicle which is thus projected outwards on each side gives rise, by the
subsequent folding and changes which occur in it, to the nervous part
of the eye, viz, the retina and optic nerve, together with the pig-
mental layer which comes to lie external to the retina, This folding
takes place simultancously with the development of the erystalline lens,
which 1s the product of an involution of the cuticle or epiblast oceurri
on the outside of each primary optic vesicle. During the involution n:]%
enlargement of the lens, the wall of the primary optic vesicle comes to
be depressed and doubled in npon itself, so as to form a cup-like hollow
towards the exterior, the secondary optic vesicle, into which the lens is
received, but without filling entirely its cavity. The outer plate or
mvoluted portion of this cup or secondary optie vesicle becomes by
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its further devr:l-:}pment and histulﬂgicnl differentiation the nervous part
of the retina, while the remaining inner or proximal plate is converted

into its pigmental layer, and the stalk becomes the optic nerve in con-
nection with the brain. :

Fig. 747, Fig. 748.

303 AR
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Fig, 747.—SECTION THROUGH THE FRONT PART OF THE HEAD OF A LEPIDOSTEUS EMBRYO.
(From Balfour.)

al, alimentary tract ; ¢, thalvmencephalon ; /, lens of the eye ; ap.v, the optic vesicle.

Fig. 748.—FRONTAL SECTION THROUGH THE HEAD OF AN EMBEYO CHICK OF 3 DAYS
AXD 6 mouns,  (From Killiker.)

o, stalk of the ocular vesicle in connection with the thalamencephalon ; p, proximal
and ¢, distal wall of secondary ocular vesicle ; I, lens ; g, vitreous body.

The transition at the line of inflection from the thick nervous part to
the thin pigmental part is quite sudden, and as soon as pigment cells
begin to be developed a very marked distinction is perceptible between
the latter and the nervous structure of the retina. These cells were

Fig, 749,
A e Fig. 749.—B8gcTioN oF THE COM-
MENCING EYE OF AN EMBRYO IN
c rEREE sTAGES, (From Remak.)
A, commencement of the forma-
7 - tion of the lens [, by depression of a

part of C, the corneous layer ; pr,

the primitive ocular vesicle now

doubled back on itself by the de-

pression of the commencing lens.
B, the lens depression enclosed

and the lens beginning to be formed in the inner side, the optic vesicle more folded back.
C, a third stage, in which the secondary optic vesicle, », begins to be formed.

formerly regarded as a part of the choroid membrane, but they are now
looked upon as belongimg rather to the retina,—a view which is fully
warranted by the mode of development now described.

The fold which produces the optic cup proceeds from above down-
wards, and surrounds the lens so as to appear to enclose it, but leaves
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for a time an aperture or depression below. This is the choroidal
fold or fissure, which may easily be distinguished in the embryo-head
after pigment has been deposited, from the circumstance that the pig-
ment 18 absent from the eleft, which thus appears for a time as a broad
white line, particularly obvious in the embryo bird, running from the
cireumference in upon the lens.

Fig. 750.—DIAGRAMMATIC EEETCH OF A
VERTICAL LUNGITUDINAL SECTION THROUGH
THE EYEBALL OF A HUMAN PETUS OF
rouR WEEKS, (After Kolliker.) .

The scction is a little to the side so as to
avoid passing through the ocular cleft. e,
the cuticle, where it later covers the
cornea ; I, the lems; op, oplic nerve
formed by the pedicle of the primary optic
vesicle ; wp, primary meduollary cavity of
the optic vesicle ; p, the pigment-layer of
the outer-wall ; r, the inner wall form-
ing the retina; ve, secondary optic vesicle
containing the rudiment of the vitreous
humour,

The lens is developed in the part of the enticle o!:pmim to the most
projecting part of the primary optic vesicle, or at the place where this
vesicle comes in contact with the surface of the head. In this situation
there is seen from a very early period a thickening of the epiblast, which
seems to reside chiefly in its deeper layer of cells, and in birds and
mammals it would appear that an actual involution of the cuticle takes

Fig. 751, —HORIZONTAL SECTION THROUGH THE EYE Fig. 751.
OF AN EMBEYO RABRIT OF TWELVE DAYS AND SIX s 3B
wouns, . (From Kolliker.) . S

o, stalk of the ocular vesicle with wide cavity ; &',
remains of the cavity of the primitive oeular vesicle ;
p, proximal lamells of the secondary vesicle (pig-
mentum nigrum) ; »r, distal lamella (retina); g,
vitreous body ; I, lens vesicle, widely open at ol ;
F, papillar elevation in the bottom of the lens vesicle
which forms the lens ; m, with ¢, an annular vessel
at the anterior border of the secondary vesicle | e,
epiblast,

place, go that first an open follicle and next
an enclosed ball of cuticle is formed.
Although, however, both the corneons and
the deeper layer (sensory of Stricker) of
the caticle are enclosed, it is only the cells
of the deeper layer which undergo develop-
ment into the fibres of the lens. The
external caticle separating from the ball of the lens, passes frecly over its
surface, and a cavity filled with loose cells exists for a time within the
lens. Then the cells of the hinder or inner wall are seen to rise from the
bottom by their elongation, and thus a rapid growth of fibres from that
side of che lens takes place, while the anterior or outer wall undergocs no
similar change, but retains its simply cellular structure. Fieures 751
and 752 show sufficiently clearly the manner in which the fibres thus
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developed from cells rise from the bottom of the lens ball and come to
constitute its solid part.

The optic cup receives the enlarging lens in its anterior and lower
opening, and the reflected margins of the cup closely embrace the
margin of the lens; but there soon comes to be a considerable space in-
tervening hetween the lens and the hollow of the optic cup (or secondary
vesicle), which is later occupied by the vitreous humour. Into this space

Fig. 752.—E¥R 0F AN EMBRYO RABBIT
oF 14 DAYS: HORIZONTAL SECTION.
%. (From Killiker. )

0, optic nerve ; p, pigmentum nig-
rum j r, retina; g, vitreous body, which
by its contraction has left aspace behind
it ; I, posterior thick wall of the lens-
vesicle, or rudiment of the lens; ¢,
anterior thin wall or lens epitheliom,
and between them the hollow of the
lens vesicle 3 m, mesoderm surrounding
the secondary ocular vesicle, no sclerotic
or choroid vet formed ; m, conmection
of this with the vitreous body : m",
thin layer of mesoderm in front of the
lens or rudiment of the cornea and
pupillary membrane ; ¢, portion of the
epithelium of the front of the eye.

connective tissne and blood-
vessels  developed from meso-
blastic elements are projected
from below, so as to furnish the materials for the formation of the
vitreous humonr and the blood-vessels which pass through it to the
lens, and also to surround the lens with vascular and fibrous elements,
ont of which are produced the capsulo-pupillary membrane, and pro-
bably also the capsule of the lens. It results from the observations
of Lieberkiihn (No. 216) that in mammals the fold which produces the
ocular cup or secondary vesicle runs back into the stalk so as to fold in
the optie nerve for a considerable space, and by the simultaneons enclosure

Fig. 753. Fig. 758.—TRANSVERSE VERTICAL SECTION OF THE
EYEBALL OF A HUMAN EMBRYO OF FOUR WEEKS.

(From Killiker), g2

The anterior half of the section is represented,
pr, the remains of the cavity of the primary optic
vesicle ; p, the inflected part of the outer layer,
forming the retinal pigment ; #, the thickened inner
part giving rise to the columnar and other strue-
tures of the retina ; v, the commencing vitreous
humour within the secondavy optic vesicle ; ¢, the
ocular eleft throngh which the loop of the central
blood-vessel, a, projects from below ; [, the lens
with a central cavity.

of mesoblastic tissue thus to lead to the introduction of the central blood-
vessels of the retina within the nerve. But in birds, according to the
same observer, no such infolding of the stalk occurs, so that in them the
vessels are excluded from the nerve. The malformation termed coloboma
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dridis is to be attributed to a persistence of the choroidal cleft, and the

ten of birds, close to the optic nerve, with the vascular fold farther
Ffmrﬂa, and the falciform fold of the eyes of fishes are to be regarded
as fibro-vascular structures formed by original projection through the
same interval. :

The further development of the parts of the eye may be briefly
stated as follows :—

The expansion of the ocular cup continning to proceed, the chamber
for the vitreous humour enlarges, and that structure gradually comes to
occupy the space between the retina and the lens,

Fig. 754.

Fig. 754.—HoRIZoNTAL SECTION THROUGH THE EYE OF AN EMBRYO RABBIT of 18 DAvs.
¥. (From Kélliker.)

o, optic nerve ; ap, ala parva ; p, pigmentum nigrum ; r, retina; re, ciliary part of the
retina ; p', forepart of the secondary ocular vesicle or rudiment of the iris pigment ; g,
vitreous body raised from the retina by shrinking, except where the vessels from the
centralis retine enter it ; 1, iris; mp, membrana pupillaris: ¢, cornea with epithelium e ;
PP, p, palpebre ; [, lens ; I, lens epithelium ; f, sclerotic ; m, reeti muscles.

The marked distinction between the nervous and the pigmental por-
tions of the primitive ocnlar vesicle goes on increasing by the continued
deposit of pigment in the latter, and its proportional thinning, and by
the great addition to the thickness and the textural differentiation of the
substance of the former. Thus the cells in the retinal or nervous por-
tion, by their rapid multiplication, soon become several layers thick ;
certain of these cells assume the spindle shape, and exhibit elonga-
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tion into fibres, while others retain the nuclear form, and thus there is
foreshadowed the divigion into the fibrous, ganglionic, and nuclear layers
of the retina. On the exterior a limiting membrane makes its appear-
inee, and m connection with it the rudiments of the cells composing the
layer of rods and cones. The space between the retinal and pigmental
layers rapidly contracts, and finally the rods and cones are closely united
with the layer of pigment cells.

The optic nerve, as already described, is at first connected by its origin
with the vesicle of the third ventricle or thalamencephalon, and for a
time it retains its earlier hollow form, But as the cerebral hemispheres
are developed forwards, the eye and the optic nerve are thrown back-
wards and downwards, and a new connection is established between the
optic nerve (or tract) and the vesicle of the mid-brain (mesencephalon) :
the rudiment of the optic commissure is at the same time formed by the
median approximation of the stalks and the growth of one over the
other., Kach stalk then becomes more and more solid by the develop-
ment of nerve fibres and the formation of the sheath substance of t-llm
nerve from the enclosed connective tissue,

Retina and Optic Nerve.—The full development of the minute nervous struc-
tures of the eye is n subject of great difficulty, and observers are not quite agreed
as to its phenomena. The rods and cones are undoubtedly formed in eonnection
with the cells of the outer granular layer, but their outer and inner limbs are
probably formed from different cells, the membrana limitans externa being at an
early period placed between, According to Kolliker the layer of ganglion cells
and the inner molecular layer are the first to be differentiated, and are very zoon
followed by the nerve fibres which spread over the interior of the retina, A
somewhat different account of the process is given by Liwe (No. 222%), to whose
work we must refer the reader.

At the ora serrata the denser nervous structure of the retina ceases, and in
front of this, as far as the inflection of the distal into the proximal or pigmental
layer, the retina is continued as the thinner ciliary portion, bounded externally
by the pigment of the ciliary processes.

It has generally been held, and it is still the opinion of some, that the pedicle
of the optic vesicle is converted into the optic nerve by the differentiation of its
substance into nerve fibres. But a different view has been taken by His and
by Killiker (No. 28, i. p. 690) according to which the original substance
of the pedicle is supposed to furnish only the supporting structures, and the
nerve fibres are formed by secondary emanation from the chiasma or nervous
centre,

According to Killiker the yellow spot is not yet visible at birth.

Lens.—The development of fibres from the hinder wall of the primitive lens-
follicle continuing to take place, the cavity of the follicle is first greatly narrowed
and then completely filled up by the lengthening fibres, and the lens takes more
and more of its foll spherical shape. The new fibres continue to be formed
towards the margin of the lens ; each fibre retaining its nucleus, so as to produce
the nuclear zone which runs through the whole lens. This zone is at first situ-
ated far back in the lens while the fibres are still short, but as they elongate its
place is advanced, so that it comes to be situated considerably in front of the
equatorial plane of the lens. It is most distinet towards the margin where the
fibres are newly formed. The anterior wall of the lens-follicle remains as a
simple cellular layer. The greater number of the fibres now follow the general
curve of the surface of the lens, presenting therefore their concavity towards its
centre, but the curvature gradually diminishes in those nearest the middle,
where they are straight, or nearly so. Only the external short and recently
formed fibres present a coneavity towards the exterior. The intersecting stars of
the anterior and posterior poles of the lens now make their appearance by the
collection of cells in the peculiarly shaped triradiate or multiradiate space 1n these
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two situations, and the ends of the fibres are now traceable to the edges of these
spaces, so that the fibres gradually take the arrangement round the poles of the
lens which belongs to the adult.

The origin of the capsule of the lens appears to be still somewhat donbtful.
Lieberkiihn, Arnold and Liwe profess to trace it to a thin pellicle of mesoblast
which at an early period passes in between the lens and the secondary ocular
vesicle ; but Killiker and Kessler are of opinion that it i= a cuticular deposit on
the surface of the lens cells. Balfour is inclined to adopt the latter view, on the
ground that the capsule seems to make its appearance before the introduction of
the mesoblast has occurred.

The fibro-rascular structures of the eye, which are all derived from mesoblastic
elements, either surrounding the secondary ocular vesicle or passing into it
hy the choroidal fissure, may be considered as consisting of three sets of parts, viz.,
1st, that which is external to the ocular eup and which becomes the sclerotie, the
cellnlar substance of the cornea and also the choroid membrane; 2nd, that which
occupies the interior of the optic cup, and which becomes the vitreous humour,
and the capsulo-pupillary membrane with the arteria centralis retinee; and Srd.
that which is developed in the angle of meeting of the two parts previously
mentioned, i.r., between the margin of the lens and the reflection of the two layers
of the optic cup, and in which the ciliary processes, ciliary muscle and iris are
mainly formed. The pigmental elements which any of these parts possess are
derived from that of the retina or proximal wall of the optic eup.

Cornea.—The formation of the cornea is mainly due to a differentiation of the
tissue in the layer of mesoblast which is interposed between the primitive lens-
follicle and the corneons epiblast, The layer forming the cornea is at first very
thin, and quite homogeneous, and it has been doubted if this is mesoblastic ; =oon,
however, the corneal cells, proceeding from mesoblast which advances from the
margin, penetrate the homogeneous layer, and gradunally progress towands the
centre, greatly thickening it, and dividing it into layers. The original homo-
geneous substance which is left free of cells at its margins constitutes the outer
and inner elastic layers, Within these is the cellular layer of the membrane of
Descemet, which comes from a different source. There is at first no agqueous
chamber in the eye, and even after the solution of continnity which gives rise to
this space has oceurred, the cavity is not dilated with fluid. till near the time of
birth, Even then it is very shallow and the lens is placed close to the cornea, in
the greater part of its surface. The cavity of the aqueons humour arises by
the sepamation of the cornea from a layer of the mesoblastic tissue lying
within it. The latter gives rise to the anterior part of the vascular capsulo-
pupillary membrane,

Sclerotic Coat.—The outer covering of the eyeball iz formed from mesoblastic
cells surrounding the ocular cup, and is probably continuous with the structure
which furnishes the corneal cells, but it is only later that the cornea and sclerotic
come to be completely amalgamated,

Choroid membrane.—The mesoblastic substance which surrounds the ocular
vesicle externally is the source of important parts. Among these may be men-
tioned first the choroid membrane, the cellular (membrana fnsca), fibrous, and
vascular layers of which are developed out of the deeper division of the meso-
blastic substance, and to the same source may be traced the cilinry processes,
cilinry muscle and iris; while the zonula ciliaris may be regarded as a part of
the deeper mesoblastic tissue connected with the formation of the hyaloid
membrane and membrana capsulo-pupillaris,

The capsulo-pupillary membrane, already referred to, may be looked upon as
at first a complete fibro-vascular investment of the lens, which owes its origin to
the deepest part of the enclosed mesoblast. The vessels of this membrane are
supplied by a branch of the central artery of the retina, which passes forwards in
the axis of the globe, and breaks up at the back of the lens into a brush of rapidly
subdividing twigs. The forepart of this tunic, adherent to the pupillary margin
of the iris, forms the pupillary membrane by which the aperture of the pupil is
closed in the middle pericds of fwtal life, In the human eye, the whole tunie,
together with the artery which supplies its vessels, becomes atrophied and is lost
sight of before birth, but in some animals it remains apparent for a few days
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after birth. According to Kélliker, the anterior chamber expands only a short
tll’[&ﬂ before birth by the intervention of the agueous humour between the iris
and cornea.

Fig. Thb.

Fig. 755, —Droon-vESSELS OF THE oAP-
SULO-PUPILLARY MEMBRANE OF A NEW-
BORN KITTEN, MAGNIFIED.  (From
Killiker, )

The drawing is taken from a prepara-
tion injected by Tiersch, and shows in
the central part the convergence of the
network of vessels towards the centre of
the pupillary membrane.

The diris is developed from a pro-
liferation of mesoblastic tissue which
takes place in the angle between the
anterior reflection of the walls of the
ocular cup and the margin of the
lens and commea, and it is intimately
connected with the capsulo-pupillary
membrane, with which, indeed, it
appears to be continuons anteriorly.
It is thus in relation with all the fibro-vaseular structures of the eye. It derives
its pigmental layer from a reduplication of the anterior part of the pigmental
layer of the ocular cup. It does not acquire free surfaces till after the formation
of the aqueons chamber.

The ciliary muscle is developed in the mesoblastic tissue between the base of
the iris and the ciliary processes of the choroid membrane.

Vitreous Humour and Hyaloid Membrane,—These parts are nsually regarded
as being derived from the intruded mesoblast ; but while this may be true of the
vitreous humour and the blood vessels which pass through it to the back of the
lens, there are grounds for believing the hyaloid membrane to be derived by cuti-
cular exfolintion from the ocular cup. The zonule of Zinn probably belongs to
the same set of parts.

The eyelids make their appearance gradually as folds of integument, subse-
quently to the formation of the globe in the third month of feetal life. When
they have met together in front of the eye, their edges become closely glued
together by an epithelial exudation which is removed a short time before birth.

The lachrymal canal may be regarded as a persistently open part of the fissure
between the lateral nasal process and the maxillary lobe of the embryo,

The first discovery of the mode of development of the eye as it is now gene-
rally understood was made by Huschke in 1832, and was published in Meckel's
Archiv. for that year. In addition to the systematic works on Development, the
reader is referred to the special treatises mentioned in the Bibliography.

II. THE EAR.

Primary Development.—The most important part of the organ of
hearing originates by the involution of the epiblast from the external
surface of the head in the region of the medulla oblongata. This 18
at first only a depression of a thickened part of the epiblast; but the
depression soon deepening, and, its aperture towards the surface rapidly
narrowing, it assumes a flask-like form, and constitutes on each side the
primary auditory or otic vesicle.

This involution of the anditory vesicle takes place somewhat later
than the evolution of the medullary vesicle of the eye, and differs from
it in taking place secondarily from the epiblastic surface of the head,
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 and not in immediate connection with the brain, The anditory vesicle is
sitnated opposite the dorsal end of the hyoidean arch. The original

Fig. 756, —BecTioN THROUGH THE Fig. 756.
HEAD OF A LEPIDOSTEUS EM- bl
BRYO OF AN EARLY PERIOD.

(From Balfour.)
au.v, auditory vesicle ; aw.n, e ;
auditory nerve ; ch, the notochord, St n R N, e
immediately below the medulla ob- e

longata ; hy, hypoblast. The nerv-
mll:reruyf the epiblast iz seen to

be distinct from the cuticular layer e
which is not involuted. “‘q::.“:ﬁﬁ}{f c EJ o)
B L E e Lo TE0 A Ik
5 - - — f A E B (A tt e
aperture, which is directed = o
backwards, is soon closed ex- <h By

ternally, but in the interior
a vestige of it remains for a considerable time as the recessus labyrinthi,
which corresponds to the aqueduct of the vestibule of later life,

The primary otic vesicle, sinking down towards the basis of the
eranium, becomes imbedded in the formative mesoblastic tissue lying
between the basi-occipital and alisphenoid matrices, and along with them
undergoes chondrification and ossification at an early period, as has been
already described under the development of the head.

Fig. 787.

Fig. 757.—O0vUTLINES SHOWING THE DARLY CHANGES IX THE FORM OF THE HEAD OF THE
HUMAN EMBRYO,

A, profile view of the head and fore part of the body of an embryo of about four wecks
(from nature, ¥} : the five primary divisions of the brain are shown, together with the
primary olfactory and optie depressions, and a, the auditory vesicle ; 1, marks the man-
dibular plate, and behind this are seen the three following plates with the corresponding
P]m'_ynﬁnl clefte. B, from an embryo of about six weeks (from Ecker, §) : the cerebral
hemispheres have become enlarged and begin to spread laterally; 1, the Jower jaw ; 1',
the first pharyngeal cleft, now widening at the dorsal end, where it forms the meatus
externus ; the second cleft is still visible, but the third and fourth clefts are closed and
the corresponding arches have nearly disappeared, €, from a human fotus of nine weeks
(from mature, 7) ; the features of the face are now roughly formed ; the onter part of the
first pharyngeal cleft is now undergoing conversion into the meatus, and the auriele is

to rise at its external border,

The development of the organ of hearing, as a whole, consists of two

very different sets of processes, viz., 1st, those conmected with the
YOL. II. 31
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formation of the nervous structure or labyrinth of the internal ear, and
2nd, those belonging to the development of the tympano-Eustachian
passages and the accessory parts of the middle and outer ear. The first
of these sets of changes occurs more immediately in the primary epiblastic
vesicle in combination with the nervous elements Xeﬁvaﬂ from the
medullary centre, and with the participation of the mesoblastic wall of
the auditory capsule. In the second are involved the remarkable trans-
formations of the first visceral arch and the hyomandibular cleft. In
describing these changes reference will be made chiefly to mammals,

_ Labyrinth.—After the closure of the primary otic vesicle the exten-
sion of its cavity in different directions soon indicates the formation of
the different parts of the future labyrinth. As the otic vesicle sinks
more deeply into the base of the cranial wall, from being at first spherical
it takes more of a pyriform shape, the pointed prolongation of the recessns
labyrinthi stretching backwards or dorsally towards the place of the
original involution from the surface.

Fig. 758.—LABYRINTH OF THE HUMAN FEIUS oOF
FOUR WEEKS, MAGKIFIED, (From Killiker.)

A, from behind ; B, from before ; v, the vestibule ;
r, recessus labyrinthi, giving rise later to the aqueduct
of the vestibule ; s, commmencement of the semicirenlar
canals ; a, upper dilatation, belonging perhaps to an-
other semicircular canal ; ¢, cochlea.

Thiz narrower part soon becomes tubu-
lar, and stretches into the cranial wall, which
it pierces, and in which, as the aqueduct
of the wvestibule, it becomes enclosed at a
later period in the substance of the petrous bone. In elasmobranch
fishes it remains open to the surface thronghout life,

The auditory vesicle is also soon prolonged into an angular projection
at its lower or ventral end, where it forms the commencement of the
cochlear part of the labyrinth.

The two superior semicircular canals next appear as elongated elevations
of the surface of the primary vesicle ; the middle portion of each eleva-
tion hecomes separated from the rest of the vesicle by the bending in of
the walls under it, and thus the elevation is converted into a tube remain-
ing open at both ends, which subsequently becomes elongated and acquires
an ampullar dilatation ; and while the cochlear extension continues to
progress, and takes the form of a canal curving inwards, the external
or horizontal semicircular canal begins to be formed much in the same
manner as the two superior ones.

These changes are followed by a marked constriction of the main part
of the vesicle on its inner side near the cochlear canal, which, gradunally
increasing, ab last completely cuts off the part which afterwards becomes
the saccule from the remaining larger portion which forms the uifricle.
A constriction also takes place in the vesicular wall between the saccule
and the cochlear canal, leaving, however, these two cavities in communi-
cation by the narrow canalis revniens.

The same constriction which separated the saccule and utricle leads to
the division of the end of the recessus labyrinthi into two tubes, one of
which now opens into each of these cavities.
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&. The anterior or ventral part of the membranons labyrinth which is to

- form the foundation of the cochlea in mammals becomes soon elongated

E into a tube which is gradually bent inwards and coiled upon itself from
{

Fig. 750,

Fig. 750, —DIAGRAMS OF THE MEMBRANOUS LABYRINTH (after Uegenbaur.)
T, in a bird ; I, in mammals ; ac, semicircular canals ; U, utricle ; 8, saccule ; (8U,
combined in I) ; RJ, recessus labyrinthi ; Cr, qulh reuniens ; C, cochlea ; fr, its com-
mencement at fenestra rotunda ; K, cupola ; L (in I) lagena.

left to right, at last to the extent of two and a half turns, and on the
~ hollow side of this spiral there is now formed a double ridge of
thickened epithelium which at a later stage is converted into the organ
of Corti and the structures connected with the lamina spiralis.

Fig. 760,

B

Y
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Fig. 760, —TrANSVERSE AND SLIGHTLY OBLIQUE SECTION OF THE HEAD OF A FETAL
SHEEP, IN THE REcioN of Tuk mIxp prars  (from Foster and Balfour after
Boetteher, )

HB, inner surface of the thickened walls of the hind brain; RV, recessus vestibuli ;
VB, commencing vertical semicireular eanal ; OC, canalis cochlem, with the cavity of the
primitive otic vesicle. On the left side parts only of these structures are seen ; GC,
eochlear ganglion of the right side ; on the left side, G, the ganglion, and N, the
suditory nerve connected with the hind brain.

s1d
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_ Meanwhile, however, it may be mentioned that the deposit of car-
tilage has advanced rapidly in the auditory capsule smrounding the
vesicle, and this is soon followed by ossification of the capsule, as else-
where stated. But between the cartilaginous wall and the various parts
of the membranous labyrinth mesoblastic tissue has been interposed,
which gives rise to the periosteum and to the lymph spaces which sur-
round the membranous labyrinth and contain the fluid termed perilymph ;
while the various inflections of the labyrinthic cavity whichare of epi-
blastic origin are filled with the endolymph.

o.c

Fig. 761.—TRANSVERSE SECTION OF THE NEAD OF A FETAL SHEEP OF FOUR-FIFTHS oF
AN I1NCH IN LENoTH. (From Foster and Balfour after Boettcher.)

RV, recessus vestibuli ; VB, vertical semicircular canal ; CC, cochlear canal ; @, coch-
lear ganglion ; HB, horizontal canal.

In the cochlea these spaces also exist, but in the special form of two
tubular prolongations, one of which is situated on each gide (above and
below) of the cochlear canal, representing the first form of the scala
vestibuli and scala tympani, Of these lymph passages the upper com-
municates with the vestibule, but the lower or scala tympani, which 15
gomewhat later in being formed, is closed at the fenestra rotunda, The
scalee gvadually progress along the coils of the cochlear canal till they
reach its snmmit or cupola, which at first adheres to the wall of the capsule.
From this, however, it is afterwards separated, when the two sealse,
having arrived at the summit, communicate with each other and inter-
vene between the cupola and capsular wall,
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The lagena of the uncoiled cochlea of birds corresponds to the cupola
of the cochlear canal in mammals,

The lamina spiralis, with the organ of Corti and the upper and lower
separating memsll:]vmnea (membrane of Reissner and membrana basilaris), are

Fig. 762. — TRANSVERSE SECTION OF Fig. 762,
THE COCHELEA IN A FETAL CALF,
mAGNIFIED. (From Kolliker.)

¢, the wall of the cochlea, still
eartilaginous ; ec, canalis cochles- ;
s, placed in the tissue ocenpying the
place of the seala vestibuli, indicates
the lamina spiralis; #, the central
cochlear merve; g, the place of the
spiral ganglion; 8, the body of the
mlr:anuid; ch, remains of chorda dor-

15,

afterwards gradually developed
outwards from the central pillar
of the coiled cochlea; but we
cannot attempt to give any :
detailed account of the formation of these minute and intricate struc-
tures.

It may, however, be mentioned that the aunditory nerve when first
formed is of large size and pierces the auditory capsule in two main divi-
sions, vestibular and cochlear. The latter is remarkable as having uﬁmn
it at an early period a large ganglion which exists before the cochlea
becomes coiled, but which, being developed along with the lamina spiralis,
takes the same coiled form (see fig. 761, and p. 466 of this volume).

The modiolus and spiral lamina, according to Killiker, are ossified
without the intervention of cartilage.

Accessory Parts of the Organ of Hearing.—The remarkable combination of
the internal ear, or labyrinth, with certain other parts, to form the middle and
external divisions of the acoustic apparatus, has already been adverted to in the
account of the development of the face. Here, without going over the whole
gubject, we shall have only to refer shortly to some points of morphological
interest connected with it,

The tympano-Eustachian passage is generally held, according to the view
first propounded by Huschke, and confirmed by Reichert and others, to be de-
veloped in connection with the inner part of the hyo-mandibular or first postoral
visceral cleft, while the meatus externus and pinna, or auricle, are formed on the
outside ; the membrana tympani, with its tympanic ring being interposed between,
and the chain of ossicula with their accessory parts being formed in close relation
with them. There can be no doubt that this view iz substantially correct. But
more recent researches, besides giving greater precision to the facts, have also
modified in some degree the history of the process. From these researches it
appears that the tympanic ring and the membmna tympani are developed close
to the external surface, and that the meatus is therefore formed more immediately
in connection with the outer skin, and by outwarl growth of the parts sur-
rounding it, rather than by any actual depression.

Further, it is nscertained by the observations of A. Fraser that the hyo-man-
dibular cleft is from an early period almost completely closed in its dorsal portion
by the intervention of the membrana tympani, This membrane consists of a layer
of epiblast externally,of pharyngeal hypoblast internally, and, between these. of
its fibrous and vascular parts, which are of mesoblastic origin.

According to the same author (No, 230), the mallens, as now agreed
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by all, is developed from the proximal part of the mandibular ecartilage, and by
observations on a variety of mammals he has shown that the incus is formed,
according to the view advocated by Huxley and Parker, and contrary to that of
Reichert, Salensky and others, in the proximal part of the hyoidean cartilage,
which, from the first, is in close proximity to the mandibular cartilage, Fraser
has further shown, in corroboration and extension of Salensky’s observations
(No. 229), that the stapes does not arise as a part of the hyoidean cartilage, or
as a bud from the periotic wall, but as a cireular deposit of cartilaginous cells
round the stapedial artery, near to the fenestra ovalis, with which its base is
afterwards connected.

With respect to the precise mode in which the tympanic cavity and Eustachian
canal are formed in relation with the hyo-mandibular cleft, some difference of
opinion has arisen among recent observers, Some, as Moldenhaner and Hunt
(Nos. 222 and 228), have brought forward the view that these parts of the auditory
passages arce one or both of them new outgrowths from the pharynx, and others
(Urbantschitsch), that they proceed from the mouth. But these authors do not
give sufficient grounds for departing from the generally accepted opinion on this
subject.

The pinna is gradually developed in connection with the integunment on the pos-
terior margin of the first visceral cleft. It is deserving of notice that congenital
malformation of the external ear, with occlusion of the meatus and greater or less
imperfection of the tympanic apparatus, are observed in connection with abnor-
mal development of the deeper parts of the first and second visceral arches and
the intermediate cleft (Allen Thomson, No. 231),

IIT. THE XOSE.

The organ of smelling, as was first pointed out by v. Baer, owes its

origin, like the primary au-:litnr]y vesicle and the erystalline lens of the
eye, to a depression of the epiblast, and it differs from these involutions
in remaining permanently open and in being greatly extended as a com-
plicated cavity communicating with the exterior.
" It has already been shown how closely the development of the nose is
connected with, first, the extension of the axial part (trabeculse) of the
basi-facial axis ; second, the formation of the mouth, so that a part of
the common cavity comes to be separated by the palate plates into the
true buccal and lower nasal cavities ; and, third, more superficially
and in front, with the external nasal wall.

The olfactory organ arises in all vertebrates at a very early period of
embryonic life in the form of a depression of thickened epiblast from the
forepart of the head.

The whole of the nasal fosse, however complicated they may become in
the labyrinthic form which they afterwards assume in many animals, are
due to the involution of the epiblast of the original olfactory pits ; and the
structure of the parts forming these inflections, as well as those associ-
ated with them, which are derived from mesoblastic sources, may be con-
sidered as essentially the same in different animals. In man these
structures do not attain any great degree of complexity in the olfactory
part, but in the human nose, as in animals, there is a marked ditference
in the form of that part of the labyrinth on which the olfactory nerve
is distributed, and in the minute structure of its epithelium, from those
of the lower part which forms the respiratory passage of the nose.

There is at first no olfactory lobe of the brain, and the nerve is solid.
Marshall has shown that the olfactory lobe is formed at a comparatively
late period, as at the end of the seventh day in the chick, and that
this lobe arises by extension of the wall of the forebrain at the place
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where the nerves have Ereﬁuus]y gprouted out ; that it contains a
hollow prolonged from the general ventricular cavity, and carries the
nerves on its most projecting part.

The development of the olfactory nerve has already been described.

1II. DEVELOPMENT OF THE BLOOD-VASCULAR SYSTEM.

General Phenomena.—The heart and blood-vessels, with the blood-
corpuscles and fluid, which from the first oceupy their interior, take their
origin entirely from the mesoblast, and the earlier rudiments of these

Fig. 763.

Fig. 763.—VAscULAR AREA OF THE YOLK-SAC OF THE CHICK ON THE THIRD DAY OF
INCUBATION, SEEN ¥FroM BELOW. MiexiFiep asovT s1X piAMETERS.  (From Balfour.:

H, heart ; A A, three of the aortic arches of one side ; connected with the uppermost
are the external and internal carotid arteries ; A0, dorsal aorta ; L.of. A, left vitelline
artery ; R.Of. A, right ; 8.7., Sinus terminalis ; L0, left vitelline vein ; R Of, right ;
:‘5’. Ir".‘, ginus venosus ; J.C', Ductus Cuvieri ; S.Ca. V, superior eardinal vein ; F.Ca,
inferior ; the arteries are shaded black, the veins are in outline ; the emliryo seen from
its lower or left side is only faintly indieated.

vascular elements are situated in the deepest A'mrt of the visceral plate of
the mesoblast, which was thence distinguished by Pander as the vascular
layer of the blastoderm. At a later period it is probable that blood-

vessels may arise thronghout the whole of the mesoblast, hoth in its
visceral and parietal divisions,
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The simultaneous origin of the blood-vessels and heart, partly witlin
the body of the embryo and E\urtljr in the vascular arca of the yolk,
appears to be universal throughout the vertebrata, and is only modified
in form in a few instances, as in some of the amphibia, by the
undeveloped condition of the yolk sac. In the human ovim the same
appears to be the first condition of the blood-vascular system, and as
soon as before the fourteenth day from conception a simple tubular

Fig. 764. A

Fig., 764.—DI1AGRAMMATIC VIEWS OF TWO SECTIONS THROUGH THE REGION OF THE HIND-
BEAIX OF AN EMBRYO-CHICK OF ABOUT 36 MHOURS, ILLUSTRATING THE FORMATION OF
THE HEART. (From Balfoar.)

In A, which is farthest forward, the parts of the heart have coalesced in the
middle ; in B, which is farther back, they are still widely separate.

&b, hind-brain ; ne, notochord ; E, epiblast ; so, body-wall ; sp, viseeral wall ; d,
alimentary canal ; Ay, hypoblast ; Az, heart ; of, vitelline veins,

heart with incoming and outgoing vessels are formed in the body of the
embryo, while the surface of the yolk or nmbilical vesicle is occupied by
ramified vessels and their capillary network.

The phenomena of vascular and blood formation have been observed
with great minuteness and care, as they occur in the egg of the common
fowl in the first half of the second day of incubation, and a sufficient
amount of observations have been made in mammals and other animals
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to prove that the process is essentially the same in them all. The earlier
steps of this process follow one another very rapidly, so that already hy
the 40th or 42nd hour in the fowl's egg the blood is propelled through

~ the nmlﬁ system of vessels by the rhythmic contractions of the
: a

t a8 only cellular heart. At this period the parts
of this very simple circulatory system consist of the blood fluid con-
taining corpuscles in a rudimentary form ; of blood-vessels, which are

: mainly spread over the vascular area and in less number within the

body of the embryo ; and of a median tubular heart, into which the blood
is bronght from behind by two veins which collect it from the vascular
area, and from which it is expelled anteriorly by two outgoing vessels
which may be called arteries, thongh they do not as yet show any of the
histological characters of these vessels,

The minuter steps of this process have been so fully deseribed in the
histological part of this work (p. 34 and p. 197), that it is unnecessary to do
more at this place than to recall the fact that the blood-fluid and
originate by a change in the formative cells of the visceral mesoblast, which
is accompanied by a differentiation of their protoplasm and multiplication of
nuclei within spaces developed by internal vacuolization of the mesoblastic
cells. The cells which give rise to the primary blood-vessels becoming
hollow and radiated, and their processes being united together, capillary net-
works are produced by their dilatation into tubes and their intercommunication.
The demarcation of the limits between the epithelial cells forming the walls of
the primary capillary vessels is a Iater process, as also the addition of the celiular
materinls for the production of the middle and outer coats, and other tissues
which give a more complex structure to the larger vessels: but nearly all the
vesséls consist at first only of endovascular elements, and have much of the
form and structure of capillaries,

I THE HEART.

The origin of the heart itself is in some respects histologically similar
to that of the vessels, in so far that it is by the vacuolated formation of one
or of two main tubular spaces within groups of mesoblastic cells that the
cavity of the organ originates (see fig, 744, p. 838). But the formation

Fig. 7T85.—OuTLINES OF THE ANTERIOR Fig. 765.
HALF OF THE EMBRYO CHICK YVIEWED
FROM BELUW, SHOWING THE HEART IN

IT8 BARLIER STAGES OF FORMATION,
(After Remak.) '

A, embryo of about 28 to 30 hours ;
B, of about 86 to 40 hours ; «, anterior
cerebral vesicle ; b, proto-vertebral seg-
ments; e, cephalic fold ; 1, 1, vitelline
or omphalo-mesenteric veins entering the
heart posteriorly ; 2, their union in the
auricle of the heart; 3, the middle part
of the tube corresponding to the ventri-
cle ; 4 (in B) the arterial bulb,

of the walls of the primitive
heart is due, not murell;'nm the !
accumulation and differentiation |

of the mesoblastic cells in the

region which it at first occupies, but is also effected by a folding of the
mesoblastic layers round the cavity, In these folds two sets of
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cells are distinguishable from a very early period, viz.. 1. tl :
a more delicate character and looser Tdisnusjirtiim in’ which ’Lﬁ; ET L
or spaces for the heart's cavity are more immediately formed, and
which afterwards range themselves ronnd that cavity in the form of
an eudmarghm: lining, and, 2, those forming a thicker layer which
undergoes inflection, and which give rise to the muscular part of

Fig. 706, Fig. 707.
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Fig. 700.—EMBRYO RARBIT OF EIGHT DAYS AND EIGHTEEX MOURS, VIEWED FROM THE
VENTRAL AseEct. %, (From Kolliker.)

In the anterior part of the ventral wall on each side there is seen the separate rudi-
ment of the heart, in the simple vaseular tube of which are to be distinguished the
hinder auricular, the middle ventricular and the anterior bulbous purts, There ave ten
proto-vertebral segments,

Fig. 767.—VIEWS FROM BELOW OF THE EMBRYO-RABBIT UF NINE DAYS AND THREE
HOURS, SHOWING THE COMMENCING HEART IN Two staces. . (A T.)

These sketches, of which I} and C are partly diagrammatic, were taken from two
preparations given me by Professor Killiker. A is the view from below of one of the
embryoes in which the formation of the heart was least advanced, and of which an out-
line of the heart, &e., is repeated in . In C, taken from the second preparation, the
two halves of the heart are seen in the commencement of their coalescence. &, the
part of the bent tube which becomes the ventricle ; @, primitive aortic arches and
separate descending aortas ; VV, the vitelline veins entering the lieart posteriorly. The
arrows indicate the course of the blood.

the wall. The pericardial covering arises by an extension of the wall
of the body cavity which folds itself round each side of the commencing
part of the heart,

There is, however, a considerable difference among animals in
the form presented by the rudiments of the primitive heart, connected
apparently with a difference in the rate of progress of the cephalic
fold of the blastoderm which incloses the anterior part of the alimentary
canal, and the median coalescence of the parts which give rise to the
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heart itself. Thus in certain animals, such as elasmobranchs, cyclo-
stomata, ganoids, and amphibia, in which the closure of the cephalic
fold is rapid, the deeper or endocardiac rudiments of the heart are
collected into a mesial mass, and the cavity of the organ hollowed out in
their interior is from the first single, and ﬂcmlﬂlﬂﬂ a place on the
ventral side of the pharynx immediately behind the branchial arches,

Fig. 768.

Fig. 768. —TRANSVERSE SECTION THROUGH THE HEAD OF AN EMBAYO RABBIT OF EIGHT

DAYS AND FOURTEEN HOURS, WITH A PART OF THE PERIPHERAL BLASTODERM. 4,
(From Killiker. )

&h, rudiments of the heart ; sr, pharyngeal groove.

where it receives the inflection of the mesoblastic cells, which form its
musgenlar wall. But in others, such as mammals, in which the fact was
firet discovered by Hensen (No. 88), in osscons fishes, and to some extent
also in birds, in which the enclosure of the pharyngeal cavity by the in-
flection of the cephalic fold is of later ocenrrence, the heart has at first the
remarkable form of two tubes separated to some distance from each other,
and the formation.of the single and median cavity of the heart is
due to the gradual approximation of these tubes mu{ their coalescence

Fig. 769,

ru

Fig. 709, —I’ArT oF THE FOREGOING FIGURE MORE HIGHLY MAGNIFIED, M2,
(From Kalliker. )
7fy medullary groove ; rw, dorsal ridge ; mp, medullary plate and rudiment of the
brain ; &, epiblast ; Ap, parietal wall ; dfp, visceral mesoblast, inflected into the
outer wall of the heart abh ; bk, inner or endovascnlar lining of the heart ; ph, pericardial
cavity ; mes, mesoblast beyond the rudiments of the heart; dd, hypoblast ; dd’, noto-
chord ; 0, lateral wall of the developing pharynx.

into one by the union and subsequent disappearance of the adjacent
rts of their primitive walls. In the case of the heart being thus at
rst double, each tube receives posteriorly the large entering vein, and is
prolonged anteriorly into the issning vessel or arvtery ; while in the
median gingle heart, whether formed originally so, or by later fosion of
two tubes, the posterior part receives the two entering veing, while the
anterior part-opens into the two primitive ontgoing arteries,
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The accompanying figures (768 & 769) from Kélliker will explain by a
sectional view the manner in which in mammals the inflection of the two
lamin of the mesoblast gives rise to the walls of the separate components

Fig. 770.

Fig. 770.—TRANSVERSE SEOTION THROUGH THE REGION OF THE HEART IN AN EMBRYO-
curck oF 39 moums. 9. (From Kalliker.)

a, medulla oblongata ; @, a, descending aortas ; ph, pharynx ; &, epiblast ; &', thicken-
ing of the same where the auditory vesicle is to be formed ; kp, parietal mesoblast ;
hizp, outer wall of the heart ; ¢hh, inner wall, the ecavity still divided by a septum s ;
Ak, pericardial cavity ; why, ventral mesocardinm produced temporarily by the reflection
of the visceral mesoblast fzp into dfp’; g, g, vessels in the visceral mesoblast ; Ené,
hypoblast,

of the heart and the primary right and left compartinents of the peri-
cardinm. The endocardiac lining (i#4) is derived from the deeper part
of the visceral mesoblast.

Fig. 771. Fig. 771.—TRANSVERSE sEC-
TION THROUGH THE RE-
GION OF THE MEART IN A
RABBIT'S EMBRYD OF KINE
DAYS. ¥, {From

Kolliker.)

i/, jugular veins ; ao, de-
scending aortic roots ; pih,
pharynx ; Ap, body-wall re-
flected in ect; 1, inner
cellular lining of the still
divided heart: ah, outer
wall of the heart; p, peri-
cardial cavity; df, df,
visceral mesoblast ; ¢, pro-
longation of the hypoblast
of the foregut and the an-
terior wall of the pericardial
cavity into the partition
between the two halves of the heart ; U/, blastoderm ; ent, visceral wall.

It would appear that in both forms of the heart’s origin the inflection of the
mesoblast which gives rise to its wall is at first incmnp‘lete. In the case of the
single and median formation this has the effect of leaving the endocardiac wall
of the mdimentary organ in immediate contact with the h;l.'publ?ﬁt- of .thc cepha-
lic part of the alimentary cavity; but very soon the further inflection of the
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onter mesoblastic layer of cells completes the muscular and pericardial wall
superiorly or on the dorsal side, leaving however there for a time a short septum
- at the place of meeting which constitutes a superior or dorsal mesocardium, while
a gimilar septum exists for a time below as a ventral mesocardinm.

The mode of formation of the heart in birds is in some degree intermediate
- between the two previously referred to. as the single organ arises by the coales-
cence of two tubes which are at first separate, but by the time these are formed
the ventral wall of the pharynx is already advanced in its enclosure, so that
it is almost impossible to detect the double form in the view of flat speci-
mens of the bird’s embryo. Hence, before the fact was ascertained by means of
sections, the older observers all held the heart of the bird to originate as a single
median organ,

The primitive veins or large vessels by which blood is earried into the posterior
extremity of the rodimentary heart are the principal returning venous channels
which collect the blood from the terminal sinus of the vascular area, while the
two vessels which proceed from the anterior extremity form the first pair of
aortic arches which bend over the side of the pharyngeal wall at the level of the
mandibular arch and pass on dorsally in the body of the embryo below the
| vertebral somites as the two primitive aorte, which afterwards coalesce to form

the median sorta. To these further reference will be made later,

. 'l'! M’I‘r-r—._-: ==
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Among the further changes which the heart undergoes in the course
of its progress from the simple form of a median symmetrical tube into

Fig. 772. — HuMax EMBRYOS Fig. 772.
AT DIFFERENT BARLY STAGES
OF DEVELOFMENT, SHeWIXG
THE HEART IN ITS TUBULAR
CONDITION,

’ A, upper half of the body of
o human embryo of three weeks,
viewed from the abdominal side

from Coste) ; @, frontal plate ;
protovertebrse, on  which
the primitive aorte are 3
3, the middle of the tube of the
heart, below it the place of en-
trance of the great veins, above
it the aortic bulb.
B, lateral view of a Lhuman
;l:thj-r&mni qule than that
erred to (from A. Thomsen); a, the frontal part of the head ; b, the vertebral
column ; v, the wide communication of the umbilical vesicle with the intestine ; ",
allantoic pedicle; 2, nuricular part of the beart connected with the veins posteriorly 3
3, ventricular part of the bent tube; 4, the sortic bulb; near the extremities of the
tube the divided pericandium is seen.

its fuller state of development, one of the earliest may be attributed to
the mere elongation of the tube, for the anterior and posterior extremities
being fixed by the vascular connection to the body of the embryo, the
clongating intervening part, which is not so attached, is necessarily
thrown into a folded or carved shape, the middle part bulging ventrally,
and taking usually a direction to the right side of the still prone and
rir]]'mmetnuﬂ emh;_*y:n}. This ]ic;’nn of the %;tm.rtr has been observed in the
uman embryo of three weeks, co nding in all respects to t

of the bird or mammal at a para]]cﬁ stage of advancement (u]:ceh;‘?rf
ﬁi? A ]:;uddBj. o

8 the development of the tubular heart progresses, th in-
creases, and the venous is donbled back 1:1];:(::1?I the arterial ect?g.nd'f[!l?ﬂ
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tube also becomes divided by two slight constrictions into three portions,
of which that originally posterior and receiving the veins is the widest
and constitutes the primitive auricle; the middle one, next in width:
and most strongly bent upon itself, becomes the ventricnlar portion ; and
the third, situated anteriorly and retaining most the simple tubular form
is the arterial or aortic bulb. ;

Division into Single Auricle, Ventricle, and Arterial Bulb.
—DBy a continued increase of the inflection of the heart-tube, a change
in the relative position of the several parts is effected, so that the
auricular cavity comes to be placed above or hehind (dorsally) and to the

Fig, 773. Fig. 778, — Ovutiises oF Tne
EMBRYO OF THE CHICK AT THE
EXD OF THE THIRD DAY. Y.
(After His.) ;

A, dorsal and right side; B,
ventral and left side; 4, the
heart. The other parts of the
figure are explained elsewhere,

left of the ventricular part,
the veins being carried for-
wards along with it, while
the arterial bulb is attached
by its extremity in front to
the neck of the embryo im-
mediately below the visceral
plates. There is as yet only
a single passage through the
heart, hut the distinction
of the auricular and ven-
tricular cavities becomes
more apparent, both by an
merease in the diameter of each, and by the constriction which separates
them, and by the much greater thickness acquired by the walls of the
ventricular and bulbons parts as compared with the aurieular portion.

The three parts of the heart have now the appearance of being very
closely twisted together. The ventricular part becomes considerably
wider transversely, and the auricnlar part shows two projecting pouches,
one on each gide of the arterial bulb, which are the first indications of
the future auricular appendages. At the same time the constriction
between the auricular and ventricular parts increases considerably, and
the constricted part elongating, produces what has been called the canalis
auricularis,

Division of the Right and Left Cavities. Ventricles.—The
next series of changes in the developing heart consists in the division of
each original single cavity of the ventricle, auricle, and arterial bulb into
two compartments, 8o as to form the right and left ventricles and auricles,
and the stems of the pnlmonary artery and aorta. The first of these changes
oceurs in the ventricular portion, and is to be seen in progress on the
fourth day in the chick, and in the sixth and seventh week in the human
embryo. The ventricular chamber of the heart increasing considerably
in breadth, that part of it which ultimately becomes the apex of the heart
is thrown towards the left side, and in most mammals, and especially in
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the human embryo, a blunt cleft or depression appears between this and
the right part of the ventricle, which eanses an external division into two

ions corresponding to the future right and left ventricles; and if' the
mterior of the ventricular cavity be examined at this time, there is per-
ceived a crescentic partition rising from the lower border of the right
wall and projecting into the cavity, at first narrow and placed opposite
the external notch, but gradually growing more and more towards the

Fig. 774.—HeAp oF THE EMBRYO OF THE DOG WITH THE Fig. 774.
HRART SEEN FroyM pELow. (From Kdolliker, after Bischofl.)
MaaNiviED,

a, cerebral hemispheres ; b, eyes ; e, mid-brain ; o, man-
dibular plates; e, superior maxillary processes ; f, /", 7",
second, thind, and fourth branchial or visceral plates; v,
right, A, left auricle of the heart ; I, right, 4, left ventricle ;
{, aortic or arterial bulb, with three pairs of aortic or vascular
arches procesding from it.

S

auriculo-ventricular aperture. As development
progresses the r.-xterrmll division becomes more or
less effaced, when the apex of the heart formed
by the left ventricle becomes more pointed, and
the whole heart takes somewhat of the conical
form which belongs .to its advanced condition ;
but in the adult heart the depression is still perceptible as the inter-
ventricular groove, which, as is well known, varies considerably in depth
in different eases. In some animals, as the rabbit, the temporary ex-
ternal division of the ventricles is very apparent, while in others, as in

;ﬁggg;;

Fig. 775.—Suows THE PFOSITION AND FORM
OF THE MEART IN THE HUMAN EMBRYo
FROM THE POURTH To THE SIXTH WEEK.

A, upper half of the body of a human
embryo of nearly four weecks old (from
Killiker after Coste) ; B and C, anterior and
posterior views of the heart of a human
embryo of six weeks (from Kolliker after
Fcker) ; «, frontal lappet; 4, mouth ; e,
ventral emds of the second and thind bran-
chial arches ; «, upper limb; ¢, liver; f,
intestine cut short ; 1, superior veoa cava :
1, left superior cava or brachio-cephalic
connected with the coronary vein ; 17, opening
of the inferior vena cava ; 2, 2, right and
left auricles ; 3, 3', right and left ventricles ;
4, aortic bulh,

ruminants, there is very little of the external notching to be seen,
and in them, as in birds, the heart very early assumes the conical form.
The dugong presents a remarkable example of the persistence of the
complete external separation of the ventricles, and in the seal a tendency
has been ohserved to the occasional occurrence of the same variety
(Ecker, A. Thomson),

The interndl septum of the ventricles continuing to rise between the
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right and lefv divisions of the cavity, reaches at last the base, where it is
placed in relation with both the auriculo-ventricular orifice and the root
of ti}e a?berial bulb ; but at this place there remains for a time a com-
munication over the still free horder of the septum between the right
and left ventricles, which is interesting, as this is the seat of the
abnormal communication between the right and left ventricles in almost
all cases of malformation of the heart presenting that condition.
Division of the Auricles.—Although the auricular cavity presents
externally some appearance of being divided into two at a period ante-
cedent to the partition of the ventrieles, in consequence of the forma-
tion of the right and left auricular appendages before mentioned, the

Fig. 776. Fig. 777.

Fig. 776.,—VIEW 0P THE FROST AND RIGHT SIDE OF THE FETAL HEART, AT FOUR
MONTHS, THE RIGHT AURICLE BEING LATD OPEN. (From Kilian,)

it, the right aurieulo-ventricular opening ; &, a probe passed up the vena cava inferior
and through the fossa ovalis and foramen ovale into the left auricle ; ¢, vena cava inferior ;
¢, Eustachian valve ; v, valve of the foramen ovale ; &, &, vena cava superior,

Fig. 777.—VIEW oF THE POSTERIOR AND LEFT SURFACE OF THE MEART OF A FETUS
OF FOUR MONTHS, THE LEFT AURICLE BEING oPENED, (From Kiliau. )

at, left anricular-ventricular orifice ; e, inferior vena eava, through which a probe b, is
passed from below, and thence by the foramen ovale into the left auricle ; ¢, left auricular
appendage Inid open ; o, valve of the foramen ovale seen to be attached to the left side of

the annulus ovalis of the septum,

internal division of the cavity does not take place till sgome time later,
as on the fifth and sixth days in the chick, and in the eighth week in
the human embryo. The auricular septum commences as an internal
fuld proceeding from the anterior wall of the common cavity, and start-
ing from the septum of the ventricles, it grows backwards towards the
entrance of the common vein or sinus, but stops short of it some dis-
tance. For a time, therefore, the veins enter the back part of the
common auricalar cavity. It is proper to explain, however, that, by the
time at which the auricular septum is forming, the venous sinus has been
modified go as to produce three veins entering the auricle at its back



T ——— -

THE RIGHT AND LEFT AURICLES. 865

. Of these, two correspond to the permanent right superior and
E:t inferior cava veins, and the third to a left superior cava connected
with what afterwards becomes the coronary sinus. For a time, all the
three vessels open o as to communicate freely with the whole auricular
cavity. But ¢ now oceur which cause the left superior cava and
the inferior cava to be directed towards the left side, while the right
guperior cava is placed more immediately in connection with the right
part of the auricular cavity.

The auricular septum, in extending itself backwards, is not completed,
but leaves an oval deficiency in its lower and middle Lvart, as the foramen
ovale, and the inferior cava opens immediately behind this aperture.
Some time later, or in the human embryo in the course of the tenth
or eleventh week, two new folds make their appearance in the auricles
posteriorly. One of these, constituting the Eustackian valve, of a
crescentic form, is placed to the right of the entrance of the inferior
vena cava, and in the angle between it and the orifice of the left superior
cava (or great coronary sinus). This fold, besides separating these two
veins, and thus throwing the opeying of the left superior cava into
exclusive communication with the right auricle, runs forward into the
annulus ovalis or border of the anterior auricular septum, deepening the
entrance of the inferior cava into a groove close to the foramen ovale,
and thus directing the blood entering by that vessel through the foramen
into the left auricle, (Kilian, 257).

The other fold referred to advances from the posterior wall of the
common auricle to meet the anterior auricular septum, but to the
left of the border of the foramen ovale. To this border, however, it
adheres as it grows forwards, and thus gradually fills up the floor of the
fossa ovalis. Up to the middle of feetal life, this posterior septum being
incomplete, there is a direct ge from right to left through the
foramen ; but, after that period, the fold in question, having advanced
beyond the anterior border of the annulus ovalis and lying to the left,
does mot adhere to this or the fore part of the annulus, but leaves a
passage between, and ap as a crescentic fold in the left anricle,
which, as it passes beyond the annulug, constitutes in the last three or
four months a very perfect valve against the return of blood from the
left into the right auricle.

Division of the Arterial Bulb.—The third important change
occurring in the heart belongs to the arterial bulb, by which there are
developed from this tube the first parts or main stems of the pulmo
artery and the aorta. Within the thick walls of this arterial tube there is
at first only a single subeylindrical cavity, continned from the originally
single ventricle ; but, soon after the partition of the ventricular
cavity has commenced, or in the human embryo of the seventh week, a
division of the bulb by an independent process begins to take place.
This consists in the projection inwards from the distal end of the bulb
of & fold of the wall, involving at first only the inner and middle coats,
not perceptible externally, and advancing more rapidly on the two
Sides than in the middle.” The cavity of the bulb is thus divided into
two channels, which may be described as respectively anterior and
terior, but which, from the spiral direction mm hy the folds, are some-
what twisted on each other, so that the channel which at the ventricular
end is placed anteriorly becomes connected with the right ventricle and
forms the pulmonary stem, and that which is placed posteriorly becomes

4K
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connected with the left ventricle and forms the commencement of the
aorta. In the distal portion of the bulb, however, the pulmonary

channel is situated to the left and posteriorly, and the aortic channel
is to the right and most forwards ; and at this end these channels are
respectively connected with different aortic arches, giving rise to the
]‘ijel‘]]lﬂllﬂlltr pulmonic and systemic vessels in the manner afterwards
eseribed. (Tonge, No. 248).

It is further to be noted that the partition of the bulb begins at the
remote extremity between the fourth and fifth aortic arches, and advances
towards the ventricles, There is a time, therefore, during which the
ventricular septum, and the septum of the bulb, advancing towards each
other, are incomplete and disunited ; and from the difference in their
general direction it is obvious that the septum of the bulb must be
twisted upon itself, in order that it may finally unite and become con-
tinuous with that of the ventricles. :

The completion of the partition of the aortic and pulmonary stems
is afterwards effected by the progress of the division from within out-
wards through the external walls of the tubes; but the two vessels
still remain united externally by a common envelope of pericardium.

The remarkable cases sometimes observed of abnormal transposition
of the two great arterial stems from their natural connection with their
respective ventricles may be explained by reference to the history of the
development of the parts of the heart before given.

Formation of the Valves.—The formation of ihe auriculo-ventricular and
semilunar valves takes place in the course of the second and third months in the
human embryo. The gemilunar valves of the aorta and pulmonary artery are
formed simultaneously : and according to Tonge's observations in the chick, the
plates or projections of the endocardiac lining which give rise to the valves are
already formed before the septum of the bulb has reached the ventricle, and they
arise at some distance from the ventricular orifices. The ventral and dorsal
valves are the first to appear. Kolliker has observed these valves in the course
of formation in the human embryo of seven weeks, The segments are at first of
unequal size, one being much shorter than the other two. The sinuses are much
later in being formed.

The auriculo-ventricular valves have been shown by the observations of Gegen-
baur (No. 5%), Bernays (No. 250), and Kélliker (No. 28, i.), to be formed out of
plates which are originally part of the inner wall of the ventricles and auriculo-
ventricular orifices. In connection with this it may be mentioned that the whole
wall of the ventricles is in the earlier condition of the human heart, as in that
of all animals, of aremarkable spongy or reticulated structure—a condition which
remains persistent throughout life in most of the animals belonging to the three
lower vertebrate classes ; but in birds and mammals the reticulated structure is
gradually lost by the solidification of the wall advancing from the outside in-
wards, and the columnsa:’ carness and musculi papillares may be regarded as the
vestiges of the reticulation internally.

The inner plates from which the auriculo-ventricular valves are formed con-
tain at first o considerable amount of muscular substance, which afterwards in a
great measure disappears.

In the latter changes, by which the inner plates are moulded into the form and
strncture of the valvular flaps, the upper or auricular part becomes fibrous, com-
pact, and entire ; the lower or ventricular part breaks up into the papillee, which
retain their muscularity and their attachment to the wall of the ventricles ; while
the intervening portion is more completely divided to form the thinner chorda
tendiner in which the muscular structure is in a great measure or entirely lost.
The division of the whole plates into the larger segments of the valves accom-
panies these changes,
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The manner in which the pulmonary veins, which are formed sepa-
rately in the lungs, come to be connected with the left anricle has not
yet been ascertained. : ;

No further important changes occur in the internal structure of the
heart, but there are some which affect the external form and t]:.uclmesa
of its walls. In early timtal ]iﬂi: I;h:;lize gf the heartl bears '2&. mnﬂ,ﬂ.?ﬂﬂ
greater ion to that of the body than at a later peri i
it is Bbiﬁmpprgﬁpt}rtiﬂnally large. For some time the auricular portion
remains more voluminous than the ventricular, but in the latter half of
feetal life the permanent rtion is more nearly established. The
walls of both ventricles are thicker than in after life, and it is
especially deserving of notice that the wall of the right is, up to near
the time of birth, quite as thick as that of the left—a peculiarity
which may be connected with the office of the right ventricle to propel
the blood of the feetus throngh the extended course of the ductus arte-
riosus, the descending aorta and the placental circulation.

11, DEVELOPMENT OF THE BLOOD-VESSELS.

The Principal Arteries. The Aorta,—The most interesting
of this history is that relating to the development of the aorta and the
larger vessels arising from it.

n all vertebrates the arterial vessels proceeding from the ventral aortic
bulb of the heart form five (and in some more) pairs of arches sur-
ronnding the anterior or pharyngeal part of the alimentary canal, and
after a certain progress in development, uniting dorsally into the roots
of the aorta of the trunk. At first, however, there is only one pair of
these arches, and these are continued separately into the two vessels
which represent the primitive state of the aorta.

1t was first suggested by Serres, and subsequently proved by the writer
of this chapter, by means of sections (No. 230, 1831), that the main aorta
is formed by the median fusion of the two vessels previously separate.
This fusion begins in the chick abount the fortieth hour in the middle of -
the dorsal region, and extends forwards till it reaches the roots of the
branchial arches, and backwards as far ultimately as the division into the
ilinc arteries. When this union reaches the place where the vitelline

- arteries pass out on each side, these vessels, each of which was previously

the continunation merely of one of the primary main arteries, appear now as
branches of a single and median aorta. The ilinc are the next 1
vessels formed from the hinder part of the aorta. The first vesse
belonging to these trunks are not, however, those of the lower limbs,
for these do not yet exist; but rather the umbilical or hypogastric
arteries, developed at a very early period in connection with the allantois,
and subsequently attaining to a | gize along with the growth of the

- placenta. As the limbs are formed, the arteries are developed in them

which afterwards become the iline divisions of the main aorta ; but they

- are for a long time comparatively small, while the umbilical arteries are

of very large size, so that, even up to the conclusion of foetal life, these

last appear to form the principal part of the two large vessels into which
the aorta divides,

The relation of the process of mesial fusion of the originally double aorta to
the occurrence of a permanent double canal in that vessel as a malformation,

JE Y
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deseribed by Vrolik, Schrider van der Kolk, and Cruveilhier, and observed

by Allen Thomson, has already been referred to in vol. i., p. 350, =
According to Serres, the vertebral arteries within the cranium are originally

separate, and the basilar artery results from their mesial union or fusion in the

Fame manner as occurs in the aorta; and the union of the two anterior cere-

Fig. 778.

Fig, 778, —DIAGRAMMATIC OUTLINES OF THE HEART AND PRIMITIVE VESSELS OF THE EMBRYO
CHICK A8 SEEX FROM BELOW AND ENLARGED, (A, T.)

A, soon after the first establishment of the circulation ; B, €, at a somewhat later
period ; 1, 1, the veins returning from the vaseular area ; 2, 3, 4, the heart, now in the
form of a notched tube ; 5, 5 (upper), the two primitive aortic arches ; 5, 5 (lower), the
primitive double aorta ; A, the single or united aorta ; 5, 5, the continuation of the
double aorte beyond the origin of the large omphalo-mesenteric arteries, 6, 6. The
division above 4 is represented as carried rather too far down,

bral arteries in the forepart of the circle of Willis is another example of the
same process. It seems probable that the internal cross band observed by John
Davy in the interior of the basilar artery may be a remnant of the septum or
united walls of the two vertebral arteries,

Aortic or Branchial Arches.—The two primitive arterial arches
which lead into the dorsal aorta from the arterial bulb of the rundimentary
heart, at the time of the establishment of the first circnlation, are the
most anterior of a series of five pairs of vascular arches which are
developed in succession round this part of the pharynx; and which,
since their discovery by Rathke in 1825 (No. 173), have been regarded
with much interest, as corresponding with those which are the seat
of development of the subdivided blood-vessels of the gills in fishes and
u.m}ﬁhihiu_ These vascular arches thus exhibit in the ammniota, along
with the branchial clefts and visceral arches, a typical resemblance to the
structure of gills ; and although no full development of these respiratory
organs occurs in such animals, they give rise by their various trans-
formations to the permanent pulmonary and aortic stems and the
prineipal vessels which spring from them. _

The form and position of the primitive aortic arches, up to the time
of their transformation into permanent vessels, or their disappearance,
ave nearly the same in reptiles, hirds, and mammals; and the main
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differences in the seat and distribution of the large permanent vessels
are to be traced to changes in the patency and extent of growth of
the several arches. The five pairs of arches do not all co-exist at the
same time, for they are developed in succession from before backwards ;
and by the third day of incubation, or by the corresponding od of
the fourth week in the human embryo, when the posterior arches have
been formed, already the two anterior arches, beginning with the first

- one, have become partially obliterated. Each of the first four branchial

Fig. 779.

mr

Fig. 779, —TRANSVERSE SECTION OF AN EMBRYO RABEIT, OF NINE DAYS AXD TWO HOURS,
IN THE MIDDLE DoRsat meagox, *f*. (From Killiker.)

mir, medullary tube ; wir, protovertebral mass ; &, epiblast ; hp, parietal mesoblast ;
dfp, visceral division of the mesoblast ; pp, pleuro-peritoneal eavity between them ; ung,
primitive segmental duet; ¢, vessels in the visceral mesoblast ; ok, notochord ; dr,
intestinal groove of the hypoblast.

arches occupies a place in the substance of the visceral arches, and in
front of one of the pharyngeal clefts. The first or anterior is therefore
sitnated in the mandibular arch, and in front of the tympano-Eunstachian
or hyomandibular cleft ; and the fifth arterial arch 1s placed behind the
fourth pharyngeal cleft and in the substance of the neck, in which
there is no distinet arch in the higher animals, but which is the seat of
a developed branchial bar in some aquatic vertebrates.

The vessels forming the arterial arches are given off on each side in
succession from two short canals, into which the primitive arterial bulb
divides immediately in front of the place where it joins the neck., These
may be named the ventral or anterior aortic roots; and similarly,
when they have passed round the wall of the pharynx, the branchial
arches unite in succession into a vessel on each side, thus forming the
dorsal or posterior aortic roots.

On the third and fourth days in the chick, and from the fourth to the
sixth week in the human embryo, there are still three complete pairs of
arterial arches Eming round the pharynx, and connected both before
and behind with the anterior and posterior aortic roots previously men-
tioned. The transformations of these arches were in part traced by Von
Baer and various other observers, but the fuller knowledge of their changes
i8 due to the later researches of Rathke (No. 240, iv); and althongh some
points are still left’in doubt, their history may now be given from these
observations, which receive interesting illustration from the investigation
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of the various examples of congenital malformation, the greater number
of which are manifestly related to variations in the natural mode of
development (see Fig. 780).

From these researches it appears that the permanent vessels owe their forma-
tion to the persistence of certain of the fetal arches or parts of them, while
other arches or portions of them become obliterated and disappear, Thus it is
ascertained that in mammals the main aortic arch, which in the adult passes to

Fig. 780.—DrscraM OF THE AORTIC OR
BRANCHIAL VASCULAR ARCHES OF THE
MAMMAL, WITH THEIR TRANSFORMATIONS
GIVING RISE TO THE PEKMANENT ARTERIAL
vesseLs,  (After Rathke, slightly al-
tered, )

A, P, primitive arterinl stem or aortic
bulb, now divided into A, the ascending
part of the aortic arch, and P, the pul-
monary ; a, the right; a', the left aortic
root ; A', the descending aorta. On the
right side, 1, 2, 3, 4, 5 indicate the five
primitive arterial arches ; on the left
gide, I, II, ITI, IV the four pharyngeal
clefts, which, for the sake of clearness, have
been omitted on the right side. It will be
observed, that while the fourth and fifth
pairs of arches rise from the part of the
aortie bulb or stem, which is at first un-
divided, the first, second, and thind pairs
are branches above ¢, of a secondary stem
on each side. The permanent systemic
vessels are represented in deep shade, the
pulmonary arteries lighter ; the parts of
the primitive arches which have only a
temporary existence are drawn in outline only. o, placed bq:th-ccn‘tlm permanent com-
mon carotid arteries ; ce, the external carotid arteries ; i, f:rj', the right and left internal
carotid arteries ; # the right subeclaviun rising from the right aortic root beyond the
fifth arch ; v, the right vertebral from the same opposite the fourth arch; ¢, &, the
left vertebral and subelavian arteries rising together from the left or permanent aortic
root opposite the fourth arch ; P, the pulmonary arteries rising together from t.b_e left
fifth arch ; d, the outer or back part of the left fifth arch, forming the ductus arteriosus ;
pn, pu, the right and left pneumogastric nerves, descending in front of the aortic
arches, with their recurrent branches represented diagrammatically as passing behind,
with a view to illustrate the relations of these nerves respectively to the right subelavian
artery (4) and the arch of the aorta and ductus arteriosus (d).

the left of the trachea and gullet, is formed by the persistence of the fourth
embryonic arterial arch of the left side, which not only remains patent, and
is connected with the aortic stem of the arterial bulb, but by the increase
of its width and the thickness of its walls keeps pace in its rate of growth with
that of other parts of the body, so that it soon surpasses all the rest of the arches
in its dimensions, In birds, however, the permanent aortic arch is on the right
of the trachea and gullet, being formed by the persistence of the fourth embry-
onic arch of the right side; while, in all reptiles, as there are two permanent
aortic arches, it is by the persistence of both the right and left fourth arches
that the two nortas are produced, the right being that which is most directly con-
nected with the systemic or left ventricle, ; )

The pulmonary arteries of mammals would appear from Rathke’s observations to
be developed in connection with only one fatal arterial arch—yviz,, the fifth of
the left side—from the middle part of which they are formed as branches, nnd1t11£=
whole fifth arch of the right side after a time undergoes atrophy and obliteration.
The first part of the left fifth arch, becoming the common pulmonary artery, is
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. connected with that division of the arterial bulb which is separated as the

pﬂm@msﬁm;hﬂtthammmwnfthhmhﬂmmﬂmmﬂrpﬂanh,
and undergoing development equally with the rest of its extent, continues to
lead into the left root of the aorta as ductus arteriosus Botalli. which serves to
convey the blood from the right ventricle of the foetal heart into the descending
aorta, but becomes obliterated at the time of birth.

This duct is therefore in mammals due to a persistent condition of the fifth
left branchial arch ; but, in birds and reptiles, the process of transforma-
tion is somewhat different, for in them the right and left pulmonary arteries
(excepting in those serpents in which there is only one lung developed) are
formed in connection with the respective right and left fifth branchial arches,
and there are thus two ductus arteriosi during foetal life, the short one of the

- right side corresponding to that which is i/t or sinistral in mammals, and the

longer one of the left side passing round the pharynx into the left aortic root.

Both of these arches are obliterated at the time of the exclusion of the bird from

the egg: but in some reptiles the ductus arteriosi remain permanently open
ing life

The subelavian and vertebral arteries were shown by Rathke to spring from
the posterior aortic roots at a place between the junction of the fourth and fifth
arches. In mammals, the vessels on the left side are from the first in direct
connection with the aortic root at the place which they permanently occupy ;
but upon the right side, as the fourth arch and the aortic root are obliterated
posteriorly, the passage for blood from the aortic stem into the subclavian trunk
is formed by the persistence of the forepart of the fourth right arch as far as
the place where it meets the origin of the subelavian and vertebral arteries.

The common carotid trunks, occupying the regiom which afterwards becomes
the neck, but which is at first absent or extremely short, are formed by the
anterior divisions of the aortic roots ; while the external earotid artery is due to
the persistence of a channel in the continuation of each anterior nortic root, and
the internal carotid artery arises from the persistence of the crossing third arch
and the upper part of the posterior aortic root,

Thus it falls out that, in man and a certain number of mammals, an in-
nominate artery is formed on the right side by the union of the first part of the
fourth right aortic arch leading into the right subelavian with the right anterior
aortic root which forms the common cavotid ; while, on the left side, the carotid
and subclavian vessels rise separately from the permanent aortic arch in conse-
quence of the distance between them in the original feetal condition.

It does mot come within the scope of this work to describe the further steps
of development of these vessels, nor to enter into an explanation of the manner
in which abnormal position of the arch of the aorta and its branches, or of the
pulmonary arteries, may be supposed to arise. For further information on this
subject the reader is referred to the short account of the varieties given in the
deseription of the blood-vessels in the first volume of this work, as well as to the
third volume of Henle's Handbuch, and to the special works of Tiedemann and
Richard Quain on the arteries,

THE GREAT VEINS.

In the early embryo, before the development of the allantois, a right and a
left vitelline (or omphalo-mesenteric) vein bring back the blood from the walls of
the umbilical vesicle, and unite to form a short trunk, the meatus venosns, which
is continued into the auricular extremity of the rudimentary heart.

In the first commencement of the allantoid circulation, or in the fourth week
of feetal life, two nmbilical veins are seen coming from the placenta, and uniting
to form a short trunk, which opens into the common vitelline vein. Very
soon the right vitelline vein and right umbilical vein disappear. In connection
with the common trunk of these veins, proceeding to the liver, two sets of
vessels make their appearance in the early stage of its growth. Those
!l'l.'t't.hl.aut from the heart, named rene hepaticee advehentes, become the right and
left divisions of the portal vein ; the others are the hepatic veins, rone hepatice
revehentes, The portion of vessel intervening between those two sets of veins
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forms the ductus renosus, and the part above the hepatic vein, being subsequently
joined by the ascending vena cava, forms the upper extremity of that vein, Into

ne remaining or left vitelline vein there open the mesenteric and splenic veins,
The part above the latter forms the trunk of the portal vein; and the portion

Fig. 781.—DiscRANS TLLUSTRATING THE

DEVELOPMENT OF THE OGREAT YVEINS,
(After Kolliker.)

A, plan of the principal veins of the
fretus of about four weeks, or soon after
the first formation of the vessels of the
liver and the vena cava inferior,

B, veins of the liver at a somewhat
carlier period.

C, principal veins of the fotus after
the establishment of the placental circu-
lation.” ;

D, veins of the liver at the same
period.

de, the right and left ducts of Cuvier ;
ea, the right and left cardinal veins;
Jy Jy the jugular veins ; s, the subelavian
veins ; az, the azygos vein ; o, the um-
bilical or left umbilical vein: #’, in B,
t!lﬂ temporary right umbilical vein ; o, the
vitelline vein; o, the right; m,. the
mesenteric veins; p, the portal vein ;
F, P, the venm advehentes ; 7, the due-
tus venosus ; I, I', the hepatic veins :
ety vena cava inferior ; 4, the division
of the vena cava inferior into common
iline veins; er, the external iliae or
crural wveins ; A, the hypogastric or in-
ternal iliac veins, in the line of continua-
tion of the primitive cardinal veins,

In C, I, in dotted lines, the trans-
verse branch of communication between
the jugular veins which forms the left
brachio-cephalic vein ; ¢ the right
brachio-cephalic vein ; ea’, the remains
of the left cardinal vein by which the
superior intercostal veins fall into the
left,. brachio-cephalic vein ; above P, the
obliquely crossing vein by which the hemi-
azygos joins the azygos vein.

of vessel between the union of this with the umbilical vein and the origin
of the venm hepatice advehentes is so altered that the portal trunk opens
into the commencement of the right vena advehens,

At the time of the commencement of the placental circulation, two short
transverse venous trunks, the dwefs of Cweier, open, one on each side, into the
auricle of the heart. Each is formed by the union of a superior and an inferior
vein, named respectively the primitive jugwlar and the eardinal,

The primitive jugnlar vein receives the blood from the cranial cavity by
channels in front of the ear, which are subsequently obliterated : in the greater
part of its extent it becomes the internal jugular vein; and near its lower end
it receives small hranches, which grow to be the external jugular and subclavian
veins. The cardinal veins are the primitive vessels which return the blood from
the Wolffian bodies, the vertebral colummn, and the parietes of the trunk. The
inferior vena cava is a vessel of later development, which opens into the
trunk of the umbilical and vitelline veins, above the venm hepaticee reve-
hentes, The iliac veins, which unite to form the inferior vena cava, communi-
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:' with the cardinal veins. Thﬂinfaﬂurartﬂmiﬁuo!thamﬂinﬂ‘vaimgm
. mltmtuthammﬂﬂmnm Above thaﬂhavainaﬂmm:ﬂ:.]mlvams
'~ are obliterated in a considerable part of their course ; their upper portions then

hecome continuous with two new vessels, the posterior vertebral veing of Rathke,

~ which receive the lumbar and intercostal

twigs,
As development proceeds, the direction of the ducts of Cuvier is altered by the
Fig. 782

Fig. 782.—A and B.—DIAGRAMMATIC OUTLINES OF THE VESTIGE OF THE LEFT SUPERIOR
CAVA AND OF A CASE OF ITs PRRsIsTENCE. (Sketched after Marshall.) 4.

A, brachio-cephalic veins with the superior intercostal, azygos, and principal cardiac
veins, (In this and in B the veins are supposed to be seen from before. )

B, the same in a case of persistence of the left superior cava, showing its communication
with the sinus of the coronary vein. The views are supposed to be from before, the parts
of the heart being removed or seen th

1, 1, the internal jugular veins ; 2, 2, subclavian veins ; 3, right innominate ; 3', right
or regular superior cava ; 4, in A, the left innominate ; in B3, the transverse or communi-
cating vein between the right and left superior ven® cavee; 5, in A, the opening of the
superior intercostal vein into the innominate ; 5, vestige of the left superior cava or duct
of Cuvier ; 5, &, in B, the left vena ecava superior abnormally persistent, along with a
contracted condition of 4, the communieating vein ; 6, the sinus of the coronary vein ; 6,
branches of the coronary veins ; 7, the superior intercostal trunk of the left side, or left
cardinal vein ; 8, the principal azygos or right cardinal vein ; 7', 8, some of the upper
intercostal veins ; 9, the opening of the inferior vena cava, with the Eustachian valve.

descent of the heart from the cervical into the thoracic region, and becomes
the same as that of the primitive jugular veins, A communicating branch
makes its appearance, directed transversely from the junction of the left sub-
clavisn and jugular veins, obliquely across the middle line to the right
Jugular ; and further down in the dorsal region between the posteribr vertebral
veins a communicating branch passes obliguely across the middle line from right
to left, The communicating branch between the primitive jugular veins is con-
verted into the left brachio-cephalic or innominate vein. The portion of vessel
between the right subelavian vein and the termination of the communicating branch

the right brachio-cephalic vein. The portion of the primitive jugular
vein below the communicating vein, together with the right duct of Cuvier, forms
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the vena cava superior, while the eardinal vein opening into it is the extremity of
the great venn azygos. On the left side, the portion of the primitive jugular vein
placed below the communicating branch, and the cardinal and posterior vertebral
veins, together with the cross branch between the two posterior vertebral veing, are
converted into the left superior intercostal and left superior and inferior azygos
veins, The variability in the adult arrangement of these vessels depends on the

Fig. 783. Fig. 783.—ViEw OF THE F®ETAL HEART
AND GHREAT YESSELS, FROM THE LEFT
SIDE; TO SHOW THE YESTIGE OF THE
LEFT SUPERIOR CAVA VYEIN IK BITU.
(This figure is planped after one of
Marshall's, and slightly altered accord-
ing to an original dissection.)

t, right auricle ; 3, left auricle and
pulmonary veins ; e, the conus arteriosus
of the right ventricle ; o, the left ven-
tricle ; ¢, descending aorta : +, vestigial
fold of the pericardium ; f, arch of the
aorta, with a part of the pericardinm
remaining superiorly ; ¢, main pulmenary
artery and ductus arteriosus ; o, left pul-
monary artery ; 1,1, right and left in-
ternal jugular veins ; 2, 2', subelavian
veins 3 3, 3, right innominate and superior
vena cava; 4, left innominate or com-
municating vein; 5, 5, remains of the
left superion cava and duet of Cuvier, passing at + in the vestigial fold of the pericar-
dium, joining the coronary sinus, 6, below, and receiving above the superior intercostal
vein, 7 5 7', 7'y the upper and lower intercostal vein, joining into one.

different extent to which the originally continuouns vessels are developed or
atrophied at one point or another, The left duct of Cuvier is obliterated. except
at its lower end, which always remains pervious as the coronary sinus. But
éven in the adult, traces of this vessel can always be recognised in the
form of a fibrous band, or sometimes a narrow vein, which descends obliquely
over the left auricle ; and in front of the root of the left lung there remains
a small fold of the serous membrane of the pericardium, the vestiyial fold, so
named by Marshall, to whom is due the first full elucidation of the nature
and relations of the left primitive vena cava superior (No. 253).

The left duct of Cuvier has been observed persistent as a small vessel in the
adult, Less frequently a right and a left innominate vein open separately into
the right auricle, an arrangement which is also met with in birds and in certain
mammals, and which results from the vessels of the left side being developed
similarly to those of the right, while the cross branch remains small or absent
{Quain, No. 248).

A case is recorded by Gruber (No. 254) in which the left vena azygos opened
into the coronary sinus, and was met by a small vein descending from the union
of the subclavian and jugular. Here, then, the jugular veins had been developed
in the usnal manner, while the left vena azygos continued to pour its blood into
the duct of Cuvier.

III. PECULIARITIEE OF THE F@®ETAL ORGANBE OF CIRCULATION.

It may be useful here to recapitulate shortly the peculiarities of structure
existing in the advanced stage of the formation of the factal organs of Bll‘ﬂﬂlﬂ-ﬁl?n,
with reference to their influence in determining the course of the blood during
intra-uterine life, and the changes which oceur in them upon the establishment
of pulmonary respiration at birth,

1. The foramen ovale retains the form of a free oval opening in the septum
auricnlarum up to the fourth month, but in the course of that month and the next
the growth of the valewlar plate or curtain, which fills up the floor of the fossa
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- ovalis, becomes complete, so that in the last three and a half months the blood
can only pass from the right into the left auricle, but not in a contrary direction.
2. The Eustachian Valve constitutes a crescentic fold of the lining structure
of the heart, which iz so sitnated as to direct the blood entering the auricle by
- the inferior cava towards the opening of the fornmen ovale,

Fig. 784, —DiAGRAMMATIC OUTLINE Fig. 784.
OF THE ORGANS OF CIRCULATION
IN THE WETUS OF SIX MUNTHS,
(A. T.)

RA, right auricle of the heart ;
RV, right ventricle ; LA, left
auricle ; Ev, eustachian valve ;
LV, left ventricle ; L, liver; K,
left kidney ; 1, portion of small
intestine ; a, arch of the aorta ;
', its dorsal part ; a", lower end ;
. ves, saperior vena cava ; vei, in-
ferior vena where it joins the right
auricle ; vel, its lower end ; s,
- subclavian vessels ; §, right jugnlar
vein ; ¢, common earotid arteries :
four curved dotted arrow lines are
earried throngh the aortic and pul-
monary opening, and the auriculo-
ventricalar orifices ; e, opposite
to the one passing th the
pulmonary artery, marks the place
of the ductus arteriosus ; a similar
arrow line is shown passing from
the vena cava inferior through the
fossa ovalis of the right auricle,
and the fornmen ovale into the left
anricle ; hv, the hepatic wveins ;
;p, vena portw; x to vei, the
uctus venosns 3 wr, the umbilieal
vein ; we, umbilical arteries ; wr,
umbilical cord eut short ; i ¢, iline
vessels, {

8. The ductus arteriosus
establishes a communication
between the main pulmonary
artery and the aorta, by which
the blood from the right ven-
tricle is carried mainly into the
dorsal aorta.

4. Umbilical Vessels.—The
two large hypogastric or wm-
hilical arteries, prolonged from
the ilise arteries, passing out
of the body of the foetus, pro-
Wﬁgq along the umbilical cord,
to be distributed in the foetal portion of the placenta. From the placenta the
blood is returned by the umbilical vein, which, after entering the abdomen, com-
municates by one branch with the portal vein of the liver, and is continued hy
another, named ductus venosus, into one of the hepatic veins, through which it
joins the main stem of the vena eava inferior.

Course of the Blood in the Feetus.—The right auricle of the fotal heart
receives blood Lfmm the two venm cave and the coronary wein. The blood
brought by the superior cava is simply the venous blood returned from the head
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and upper half of the body:; whilst the inferior cava, which is considerably
larger than the superior, conveys not only the blood from the lower half of the
hmf!y, but also that which is returned from the placenta and from the liver.
T_hlﬂ latter stream of blood reaches the vena cava inferior, partly by a
direct passage—the ductus venosus—and partly by the hepatic veins, which bring
to the vena cava inferior all the blood circulating through the liver, whether
nr]e:?wed from the supply of placental blood entering that organ by the umbilical
vein, or proceeding from the vena porta: or hepatic artery.

The blood of the superior vena cava, passing from the right auricle into the right
ventricle, is thence propelled intothe trunk of the pulmonary artery., A small part
of it is distributed through the branches -of that vessel to the lungs, and
returns by the pulmonary veins to the left auricle; but, as these vessels remain
comparatively undilated up to the time of birth, by far the larger part passes
throngh the ductus arteriosus into the dorsal aorta, and is thence distributed
in part to the lower half of the body and the viscera, and in part is conveyed
along the umbilical arteries to the placenta. From these several organs it is
returned by the vena cava inferior, the venm portm, and the umbilical vein ;
and, as already noticed, reaches the right auricle through the trunk of the
inferior cava.

Of the blood entering the heart by the inferior vena cava, only a small part is
mingled with that of the superior cava, g0 as to pass into the right ventricle ;
by far the larger portion, directed by the Eustachian valve throngh the foramen
ovale, flows into the left auricle, and thence, together with the small gquantity
of blood returned from the lungs by the pulmonary veing, passes into the left
ventricle, from whence it is sent into the arch of the aorta, to be distributed
almost entirely to the head and upper limbs,

Sabatier was the first to call attention partienlarly to the action of the Eusta-
chian valve in separating the currents of blood entering the right auricle by the
superior and inferior venm cava (No. 236). This separation, as well as that
occurring between the currents passing through the aortic arch and the ductus
arteriosus into the descending aorta, was illustrated experimentally by John
Reid (No. 241). A striking confirmation of the extent to which the last men-
tioned division of the two currents of the feetal blood may take place, without
disturbance of the circulation up to the time of birth, is afforded by the
examples of malformation in which a complete obliteration has existed in the
aortic trunk immediately before the place of the union of the ductus arteriosus
with the posterior part of the aortic arch,

CHAXGES 1IN THE CIRCULATION AT BIRTH.

The changes which occur in the organs of circulation and respiration at birth,
and which lead to the establishment of their permanent condition, are more imme-
diately determined by the inflation of the lungs with airin the first respiration, theac-
companying rapid dilatation of the pnlmonary blood-vessels with a greater quantity
of blood, and the interrnption to the passage of blood through the placental
circulation. These changes are speedily followed by shrinking and oblitera-
tion of the ductus arteriosus, in the space between the division of the right and
left pulmonary arteries and its junction with the aorta, and of the umbilical
arteries from the hypogastric trunk to the place of their issue from the body by
the umbilical cord ; hy the cessation of the passage of blood through the foramen
ovale, and somewhat later by the closure of that foramen, and by the obliteration
of the umbilical vein as far as its entrance into the liver, and of the ductus veno-
sus within that organ,

The process of obliteration of the arteries appears to depend at first mainly on
the contraction of their coats, but this is very soon followed by a considerable
thickening of their substance, reducing rapidly their internal passage to a
narrow tube, and leading in a short time to final closure, even although the vessel
may not present externally any considerable diminution of its dinmeter. It com-
mences at birth, and is perceptible after a few respirations have occurred. It
makes rapid progress in the first and second days, and by the third or fourth
day the passage through the umbilical arteries is usually completely interrupted.
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The ductus arteriosus is rarely found open after the eighth or tenth day, and by
three weeks it has in almost all instances become completely impervious.

The process of closure in the veins is slower, there not being the same thicken-
ing or contraction of their coats ; but they remain empty of blood and collapsed,
and by the sixth or seventh day are generally closed.

Although blood ceases at once to pass through the fornmen ovale from the
moment of birth, or as soon as the left auricle becomes filled with the blood
returning from the lungs, and the pressure within the two auricles is equalised,
yet the actual closure of the foramen is more tardy than any of the other changes
now referred to. It is gradually effected by the union of the forepart of the
valvular fold forming the floor of the fossa ovalis with the margin of the annulus
on the left side; but the crescentic margin is generally perceptible in the left
auricle as a free border beyond the place of union, and not unfrequently the
union remains incomplete, so that a probe may he passed through the reduced
aperture. In many cases a wider aperture remains for more or less of the first
year of infancy, and in certain instances there is such a failure of the union of
the valve as to allow of the continued passage of venous blood, especially when
the circulation is disturbed by over-exertion, from the right to the left auricle,
a4 occurs in the malformation attending the morbus ceruleus,

LYMPHATIC SYSTEM.,

Closely commected with the blood-vascular system, and also arising
from the mesoblast, are the less conspicuous and sometimes rather
indefinite components of the Iymphatic system, consisting of the lym-
phatic vessels, glands, and the lymph the histological develop-
ment of which has been referred to in the first part of this volume (p. 208).

Like the bloodvesscls, the lymphatic vessels are intimately associated
with the connective tissue, and they take their origin in a somewhat
similar manner in spaces which are formed in the primitive blastema.
It is also an interesting fuct that these vessels are in frequent communi-
cation with the intermesoblastic space or plenro-peritoneal cavity.

All the lymphatic vessels are at first similar to capillary bloodvessels,
being lined only by flat epithelinm ; and many of them, thongh of some
size, do not pass beyond this stage, while others acquire fibrous, contrac-
tile, and adventitious coats in a manner exactly the same as do the
arteries or veins.

The lymphatic glands consist at first of networks of lymphatie vessels
and spaces having numerous lymph cells produced within them ; but
later they have added to them connective tissue elements and blood-
vessels in considerable quantity,

The Spleen.—There is perhaps none of the organs which have been
ranked as vascular glands which so well deserves the name as the spleen,
for it appears to be closely associated with both the lymphatic and the
blood-vascular systems. 1t is not formed at a very early stage of devel
ment, but begins to appear in the human embryo in the latter half of the
second month. [t is developed in the substance of the mesogastrium, and
15 at first in close connection with the pancreas, but without any hypoblastic
evolution, and proceeding entirely from mesoblast, apparently from the
fame mass as that in which the pancreas takes its origin (W, Miiller
No. 256). *It.n progress is not rapid : it acquires vessels and trabe-
cnlar fibres in the third month, and there is a large increase of the cells
of the pulp; but the Malpighian (:ﬂrgum:luﬂ are only formed later, and

are not distinctly seen till near the end of feetal life,” F .
ment of the Thyroid and Thymus Glands see p. 83'.;'. ol ki
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1V. DEVELOPMENT OF THE ALIMENTARY CANAL AND ASSOCIATED
ORGANS.

The parts of the body of which the development has heen previously
described all take their origin from either or both of the upper
and middle layers of the blastoderm. Those which are now to be con-
sidered proceed, in the first instance, from the inflections and growth of
the hypoblast or lower layer, with which, however, there are combined,
in almost all of the organs, elements which are derived from the visceral
layer of the mesoblast. These organs consist of the alimentary canal,
with its integral and accessory glands, such as the liver and pancreas,
the respiratory organs, the larynx, trachea, and lungs, the serous cover-
ings of pleurse and peritoneum, &c.

Primary Development.— Mesenteron.—The principal part of the
alimentary canal is formed at first by a simple inflection of the hypo-
blast, and its wall then consists of no more than the epithelial cells
derived from that layer of the blastoderm. In the most of its extent,
however, this epithelial wall has acquired considerable thickness as com-
pared with the part of the hypoblast external to the body of the embryo.

The primary digestive cavity of birds and mammals, as it extends
from one end of the embryo to the other below the vertebral axis, and

Fig. 785.

Fig. 785. —ENLARGED DIAGRAMMATIC OUTLINE OF A LONGITUDINAL VERTICAL SEOTION OF
THE CHICK AND NEIGNEBOURING PARTS OF THE BLASTODERM ON THE FOURTH paY. (A. T.)

ep, epiblast, and sm, somatic mesoblast, together forming the somatic plate ; hy, hypo-
Dblast, and vm, viseeral mesoblast, together forming the visceral plate ; af, cephalic fold ;
pf, caudal fold of the ammion ; am, cavity of the true amnion ; ys, yolk-sack,
leading Ly the vitello-intestinal aperture to 4, the intestine; s, the stomach and
pharynx ; @, the future anus still closed ; m, the buccal cavity or mouth formed in
epiblast and still closed from the pharynx at the fances, which are not shown ; me, the
mesentery ; af, the allantoid vesicle communicating by its pedicle with the hinder intes-
tine ; pp, the space between the outer and inner folds of the amnion, which is an exten-
sion of the body cavity or pleuro-peritoneal space within the embryo between the somatic
and visceral mesoblasts, The shaded part of the figure represents the lead ;u.m.'l t.l"llllll'. of
the embryo in which the eye and the jaws with the branchial bars and clefts are indicated.
The epiblast and hypoblast are drawn with entire lines, thesomatic mesoblast with an in-

terrupted and the visceral mesoblast with a dotted line.

not including the buceal and anal portions derived from epiblastic invo-
lution, presents at first a manifest division into three parts. Oue of
these, occlipying the part of the embryo which is enclosed by the cephalic
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fold. and which may be named the foregut, comprises the rudiments of
-th:’ pharynx and gJ:ﬂlet, the stomach and duodenum. The posterior
division, which is m;lfmtive]y short, occupies the lc.n.uda.l fold of the
embryo, and corresponds mainly to the parts in the neighbourhood of the
fature anus, with a prolongation of the gut, which may be called post-

Fig. 786.—THE SAME EMBRYO AS IN FIG. 667 REMOVED
FROM THE MEMBRANES, MORE HIGHLY MAGNIFIED
Axp seks Frox peLow. (From Killiker after
Coste. )

«, allantois already forming an umhiliutl pedicle ; w,
urachns or stalk ; i, hinder gut; v, amnion ; o, yolk-
sac; g, primitive aortas lying under the vertebral
column, separated by the white line; », wide opening
of the intestine into the yolk-sac ; k, place where the
umbilical and omphalo-mesenteric veins meet and pass
into the heart; p, pericandial cavity ; ¢, heart ; A,
aorta ; ¢, frontal process.

anal or sub-candal. Both of these parts have
from the first a tubular form, and are closed
respectively by the inflection of the whole
blastodermic layers at the anterior and
terior extremities of the body., The middle
division, or that in which the greater part
of the small and large intestines will after-
wards be formed, has primarily the form of a
long and wide groove, lying close below the
vertebral bodies, and leading at its opposite
~ ends into the cephalic and eaudal portions of
the gut ; it is freely open throughont on its
ventral aspect into the cavity of the yolk-
gac, with the blastodermic walls of which,
- as formerly described, the constituents of the intestinal walls are directly
continuous, p

Foregut,—As development proceeds in the forepart of the alimentary
canal, a change in its form manifests itself, by"which one part, becoming
dilated, forms the commencement of the stomach, while the others
remain of smaller diameter as gullet and duodenum ; and in connec-
tion with different parts of these the rudiments of the lungs, liver, and

reas are first formed.

When the tubular parts of the gut have attained to some length, a
ehange of position gradually accompanies their further development.
While the cesophageal part remains comparatively straight, the dilated
portion of the tube which forms the stomach turns over on its right side,
80 that the border which is connected to the vertebral column by the
mesenteric fold (or true mesogastrinm) comes to be turned to the left—
the position of the tube being still vertical, like the stomach of some
animals. By degrees it becomes more dilated, chiefly on what is now
the left border but subsequently becomes the great curvature, and assumes
more of the oblique position of the adult, carrying with it the meso-
gastrinm, from which the great omentum is afterwards produced. A
slight indication of the pylorus is seen at the third month. Upon the
surface of the part of the canal which immediately succeeds the stomach,
and which forms the duodenum, the rudiments of the liver, pancreas,
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and spleen are simultaneously deposited, in the manner stated in the
description of the development of these OTZans.

Midgut.—Previously to the oceurrence of the changes in the fore-
gut mentioned above, the middle open part shortens, more and more
of it being converted into the tubular mtestine, and at last, as before

Fig. T87. Fig, 787. —HuMAX EMBRYO OF THIRTY-FIVE
- DAYS SEEN FROM BEFORE. (From Killiker after
; Coste. )

3, left external nasal process:; 4, superior
maxillary process; 5, lower maxillary process :
z, tongue; b, aortic bulb: ¥, third aortic arch
or carotid stem ; 0", fourth or main nortic
arch; 4", fifth arch or ductus Dotalli; e
the superior cava and right azygos vein; ¢,
the common venous sinus of the heart ; ¢", the
common stem of the left vena cava and left
azygos ; o, left auricle of the heart; v, right :
v', left ventricle ; e, lungs ; e, stomach ; j, left
omphalo-mesenteric vein ; &, continnation of the
same behind the pylorus, which becomes after-
warils the vena porte ; , vitello-intestinal duct :
a, right omphalo-mesenteric artery ; m, Wolffian
body ; 4, rectum ; =, umbilieal artery ; 1w,
umbilical vein ; 8, tail ; 9, anterior; 9, posterior
limb, The liver has been removed,

explained, there remains only the narrow
opening by which the gradually lengthen-
ing ductus vitello-intestinalis leads into
the nmbilical vesicle. The middle part
of the intestinal canal has, when first
produced, more or less the form of a
.« straight tube lying close to the vertebral
N columu ; but, as soon as it increases in
ol 3 LN (/] : length, it is thrown into the shape of a
- £ loop bent downwards to the umbilicus
—a change which is preceded and ac-
companied by the formation of the
mesentery.  The latter strocture is
undoubtedly entirely due to a prolifera-
tion and median union of mesoblastic
elements, which, extending themselves between the mesoblast sur-
rounding the notochord and the eclongating gut, become developed
into the vascnlar and other parts of the mesentery, as was Iﬂng_qgﬂ
shown by Von Baer. The mesentery thus forms a mesial partition
extending between the gut and the dorsal wall Df_' the embryo, at first
quite simple, but afterwards elongating, and becoming more complicated
in proportion to the development of the intestinal tube. The mesoblast
also, by its visceral division, furnishes the contractile, vascular, and con-
nective tissue clements of the intestinal walls. The extent to which the
glandular elements of the alimentary canal are supplied by the hypoblast,
to which their origin was entirely attributed by Remak, or furnished
rather by mesoblast from the protovertebral mass, as held by Schenk, is

not ﬁUt fully determined. ) z :
The place of transition from the small to the large intestine, which
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s soon indicated by the protrusion of the cwcnm, is at a point just

behind the apex or middle of the simple loop already mentioned as

 existing after the first elongation of the tubular gut. As the small

intestine grows, the part behind the duodennm forms coils, some of which
at first liugiqt.:)a {‘Iilnt.atﬂan of the commencing umbilical cord (see fig. 789),
but retire again into the abdomen about ‘the twelfth week ; afterwards,
as it continues to elongate, its convolutions become more and more

NUIMErous,
The large intestine is at first less in calibre than the small. In the

Fig. 788.—Eamiy rorM Fig. 788.
OF THE ALIMEXTARY
cavan (from Killiker
after Bischoff).

In A a front view, and
in B an antero-posterior
section are represented.

In A, a, four pharyngeal
or visceral plates ; b, the
pharynx ; ¢, ¢, the com-
mencing lungs ; d, the
stomach ; f, f, the di-
verticula conneeted with
the formation of the liver ;
g, the yolk-sac into which
the middle intestinal
groove opens; &, the
posterior part of the in-
testine. In B, a, the
commencing lungs ; b, the
stomach ; ¢, the liver ; d,
the yolk-sac, s

early embryo there is at first no cmcum ; but this part of the bowel
gm{uall:,' ws out from the rest, forming at first a tube of uniform
calibre, without any appearance of the vermiform appendix : subsequently
the terminal part of the diverticulum ceases to grow in the same pro-
portion as the rest, and narrows into the appendix, whilst the proximal
part attains its full development. The ciecum first appears as a protrusion
a little below the apex of the bend in the primitive intestinal canal, and,
together with the commencing colon, and the coils of small intestine,
is lodged for a time in the wide part of the wmbilical cord already
mentioned as being next the body of the embryo. The ileo-ceecal valve
appears at the commencement of the third month. When the coils of
intestine and the caecum have retived from the nmbiliens into the abdomen,
the colon is at first entirely to the left of the convelutions of the small
intestines, but subsequently the first part of the large intestine, together
with the mesocolon, crosses over the upper part of the small intestine, at
the junction of the duodenum and jejunum. The e@enm and transverse
colon are then found in the middle of the abdomen just helow the liver ;
some time later the csecum descends to the right iliac fossa, and the parts
are nearly in the same position as in the adult.

At first, villous processes or folds of various lengths are formed
throughout the whole canal.  After a time these disappear in the stomach
and large intestine, but remain ‘rzmiabent in the intermediate portions of

el,

the tube. According to Meckel, the villous processes are formed from
YOL. 1. 3L
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larger folds, which become servated at the edge, and are thus divided into
separate villi.

Hindgut.—The formation of the hinder part of the gat is compli-
cated with the development of the allantois, which arises as a projection
or out-growth of the mesoblast and hypoblast from the lower wall of
its terminal portion, and which is therefore in connection internally
with the hypoblastie lining of the cloaca.

Fig. 789. Fig. 789. — SKETCH OF THE BUMAN
EMBRYO OF THE TENTH WEEK, SHOW-
ING THE COIL OF INTESTINE 1IN THE
UMBILICAL corD, (A, T.)

The amnion and villous chorion have
been opened and the embryo drawn aside
from them ; », the wwbilical vesicle or
yolk-sac placed between the amnion and
chorion, and conneeted with the coil of
intestine, ¢, by a small or almost linear
tube ; the figure at the side represents
the first part of the wmbilical cord
magnified ; ¢, coil of intestine; wi,
vitello-intestinal duct, alongside of which
m‘;: seen omphalo-mesenteric blood-ves-
sels,

Mesentery, Peritoneum and Diaphragm.—In the region of the pharynx
and gullet the undivided mesoblast furnishes the outer coat of the
alimentary eanal, but in the stomach, and all the remainder of the
cut, except abt the anus, the separation of the two layers of meso-
blast has taken place, and the visceral mesoblast furnishes the ounter
wall, together with the serous covering. In the thorax the right
and left cavities remain distinet as the two pleurse, while a portion
still further forward is separated for the formation of the peri-
cardium, and thus the gullet, as well as the lungg, is brought into
relation with the plenree, and receives partial covering from them. The
formation of the diaphragm, which does not at first exist, and which
constitutes in mammals a partition between the thorax and abdomen,
leads to the ultimate separation of the peritoneum from the pleurse.
Kélliker conjectures that the diaphragm may be formed by the advance
of two halves from the dorsal and lateral regions, but the mode of origin
of this partition is not yet sufficiently known (see Cadiat., No. 271), (His,
No.132,i.and ii.). Some examples of diaphragmatic hernia may be con-
sidered as arising from the persistence of the original connection between
the two cavities. In the abdomen, also, the right and left peritoneal
cavities are at first distinct, but when the intestine assumes a tubular form,
these cavities are thrown into one across the middle plane of the body.

The peritoneum, like the rest of the lining of the body-cavity, is
developed locally by superficial delamination from the mesoblast, and not
from any special layer of formative tissue. The stomach is originally
placed longitudinally in the abdomen, that part of it which afterwards
forms the great curvature being situated dorsally and being attached by
the simple mesogastrium. Very soon, a change of place occurs by which
the pyloric part of the stomach and the duodenum pass to the right side,
the left side of the primitive stomach thus coming to look ventrally
and the right side dorsally. About the same time the mesogastrium is
rapidly expanded and doubled upon itself so as to enclose a cavity,
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while a fold of peritonenm connected with the liver, and arising from the
ventral border of the stomach which has now become the lesser curvature,
contracts round the entrance to the great omental cavity (behind the
stomach and within the omentum) so as to form the helinbiu omen tum
and the foramen of Winslow (as first shown by Joh. Miller in 1830).
The dorsal fold of the great omentum has not at first any connection with
the transverse colon or its mesocolon, and there can be no doubt that it
is only at a later period that it comes to be so closely united with them
as to have given rise to the view, quite inconsistent with the history of its
development now stated, that the transverse colon is enclosed between the
two posterior layers of the omentam.

oceurrence of umbilical hernia in its various degrees may be
referred to the persistence of one or other of the faetal conditions in
which a greater or less portion of the intestinal canal is contained in the

gy

(T3] I

Fig. 790.—0UTLINE OF THE FORM AND POSITION OF THE ALIMENTARY CANAL I¥
SUCCESSIVE STAGES OF ITS DEVELOFMENT.

A, alimentary canal, &e., in an embryo of five weeks ; B, at eight weeks; C, at ten
weeks ; D, at twelve weeks ; I, the primitive lungs connected with the pharynx : &, the
stomach ; o, duodenum ; i, the small intestine ; ', the large ; ¢, the ccum and vermi-
form appendage ; r, the rectum ; o, in A, the cloaca ; @, in B, the anus distinct from
#i, the sinus uro-genitalis ; v, the yolk-sac; vi, the vitello-intestinal duct; w, the
urinary bladder and urachus leading to the allantois; 5, the genital ducts. In B, and
C, the thickness of the colon is erroneously represented as greater than that of the

- ileum, and in C and D the cwecum as too far down and to the right.

umbilieal cord ; and it has been shown that the most common form of
abnormal diverticula from the small intestine is connected with the
original opening of the ductus vitello-intestinalis into the ilenm.
Stomodeum.—The mouth, as elsewhere explained, is at first no part of
the primitive alimentary canal, but is formed by involution of parts of the
face, and receives, therefore, its lining membrane from epiblast. In this
stage it has received the name of stomoderm. 1t is at first quite separated
the pharynx, which is the foremost part of the primitive alimentary
canal, by the reflection of the layers of the blastoderm ; and the com-
dL2
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munication which is later established between the mouth and pharynx at
the posterior arch of the fauces is due to a solntion of continuity in these
layers, which oceurs in the chick at the end of the fourth day of ineuba-
tion, and has been observed at a corvesponding period of development in
several mammals. The aperture has at first the form of a vertical slit,
which widens later as it becomes the opening from the pharynx into the
common cavity of the nose and mouth. The diverticulum of the pitnitary
eland oceupics the place which becomes the top of the permanent
pharynx, but is formed in connection with the Epi%)lﬂﬁtuiﬂ or buceal, and
not the hypoblastic or pharyngeal division of the alimentary passage
(see fig. 705, A and B, /).

Proctoderim.—To the anal invagination of the epiblast, in so far as it
is separate from the primitive hypoblastic part of the hind gut, the name
of proclodeum hag been given.

In mammalsg there is very little anal invagination of the epiblast ; in

Fiz. 791.

o

Fig, 791.— DIAGRAMMATIC LONGITUDINAL =uCTION OF THE HINDER PART OF AN EMBRYe
CHICK AT THE TIME OF THE FORWATION oF tHE ALLANTOIS (from Balfour).

¢p, epiblast ; Sp.e, spinal canal ; ek, wotochord @ ow¢, neurenteric canal ; Ay, hypo-
blast ; p.ag, postanal gut ; pr, remaios of primitive streak folded in on the ventral
side ; al, allantois ; me, mesoblast ; ap, place of futurc anus; pe, perivisceral cavity ;
ttint, amunion ; 20, body-wall ; ap, visceral wall.
birds it is more extended from the development of the durse Fabrici
in connection with it, and the opening of the gut into the anus
oceurs at a comparatively late period. or not till the fifteenth day
(Kolliker). In the rvabbit the opening tukes place on the eleventh or
twelfth day. The subeandal or postanal portion of the gut shrinks and
disappears even before the opening takes place. The terminal portion of
the gut remains behind the allantoid pediele, und the whole of the tissues
which elose it thinning rapidly away, perforation takes place so as to form
the primitive anal, or rather the cloneal opening. The separation of
the permanent anus from the urogenital orifice, which occurs in ull‘
mammals excepting the monotremata, is the result of a later process of
development, to be referred to in the next section, (Gasser, No. 272.)

THE LIVER AND PANCREAS.

The Liver.—The liver is onc of the carliest formed abdominal
organs. It consists at first, according to most observers, of a bifid
mass of cells in connection with the lower surface of the duodenal portion
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~of the alimentary canal. A hollow cavity soon appears within the mass,
which is the commencement of the main excretory duct (duoctns
choledochus communis). This cavity is lined by hypoblastic epi-
thelium ; and, according to the commonly received view, is prodoced
as a diverticulum of the hyvpoblast of the intestine. Through the
liver mass, but at first uneonnected with its substance, there passes the
main stem of the veins from the umbilical vesicle and allantois (nm-
bilical vein or meatus venosus ),

In the rudimentary mass composing the liver there are soon observed
a number of solid eylinders of formative cells which branch out from
the hypoblast into the mesoblast, and with this peculiarity belonging to
the structure of the liver as compared with other glands, that, as these
unite together by their ends and also laterally, they come at last to form
a network of solid cords with which the hypoblastic diverticula are con-
nected. In the meantime blood-vessels are developed in the mesoblast
lying between the cylinders, which vessels become united as branches
with the umbilical vein passing through the liver. Hollow
also extend themselves from the hypoblastic diverticula and stretch into
the solid cylinders of the hepatic parenchyma; but the greater part of
this remains solid for a time, consisting of reticulated strings of cells
between which there is nothing but blood-vessels,

ﬁcmrdinﬁem Foster and - Balfour, following Remak and the earlier
observers, the cellular elements of the gland are stated to derive their
origin from the hypoblast, and the mesoblast is mainly converted into
blood-vessels and the fibrous tissne of the ducts,

The gall-bladder is formed by extension from the wall of the main duct.

The blood-vessels formed in the liver become branches of the main
vein which passes through the cellular mass.  These are distinguishable
as an anterior and posterior o1, the arrangement of which is such that
the blood flows from stem to branches in the anterior, and from branches
to stem in the posterior. Thus the distinction is established between
portal and hepatic veins (see the Development of the Veins).

The solid eylinders of the blasten represent the hepatic lobular tissue,
where the ducts are reticulated ; the hollow processes the larger hepatic
duets, which do not communicate with one another. The origin of the
finest ducts is not known ; perhaps each cellular cylinder may be looked
upon as a collection of hepatic eells, in the centre of which is the
minute duet, according to the view now taken of the structure of the
adult liver (Foster Balfour ).

The gall-bladder is at firet tubular, und then assumes a pyriform shape.
It first appears in the second month. The alveoli in its interior a
about the sixth month. At the seventh month it first contains bile. In
the faetus its direction is more horizontal than in the adult.

ﬁ:atThE following are the principal peeuliarities in the liver of the human
us :—

Nize.~—At the sixth or seventh week. the liver is so large that it is said to con-
etitute one-half of the weight of the whole body. This proportion gradually
decreases as development advances, intil at the full period the relative weight
of the foetal liver to that of the body is= as 1 to 18,

In early fatal life, the right and left lobes of the liver are of nearly equal”
size. Later, the right preponderates, lmt not to such an extent as after birth.

Im;nadht&ly before birth the relotive weight of the left lobe to the right is nearly
as 1 to 16,

FPosition—~In consequence of the nearly eqnal size of the two lobes, the posi-
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tion of the feetal liver in the abdomen is more symmetrical than in the adult. In
the very young feetus it extends over nearly the whole of the abdominal cavity ;
at the full period it still descends an inch and a half below the margin of the
thorax, overlaps the spleen on the left side, and reaches nearly down to the
crest of the ilium on the right,

Lorm, Colowy, §o.—The faetal liver is considerably thicker in proportion from
above downwards than that of the adult. It is generally of a darker hue. Its
consistence and specific gravity are both less than in the adult.

During feetal life, the umbilical vein runs from the umbilicus along the free
margin of the suspensory lignment towards the anterior border and under surface
of the liver, beneath which it is lodged in the wmbilical fissure, and proceeds as
far as the transverse fissure. Here it divides into two branches: one of these, the
ductus venosus, continues onward in the same direction, and joins the vena cava.

Fig. 792. — Earry coxs-
DITION OF THE LIVER
I¥ THE CHICK ON THE
THIRD DAY OF INCU-
pATION (from J. Mil-
ler). W

1, the heart as a sim-
ple curved tube; 2, 2
the intestinal tube; 3,
conical protrusion of the
cont of the commencing
intestine, on which the
blastema of the liver (4)
18 formed ; §, portion of
the layers of the germinal
membrane, passing into
the volk-sac.

The other, which is the larger branch (the trunk of the umbilical vein), turns to
the right along the transverse or portal fissure, and ends in the vena porta,
which, proceeding from the veins of the digestive organs, is in the foetus com-
paratively of small dimensions. The umbilical vein, as it lies in the umbilical
fissure, and before it joins the vena portwm, gives off large lateral branches, which
pass directly into the right and left lobes of the liver. It also sends a few smaller
branches to the square lobe and to the lobe of Spigelins.

After birth the umbilical vein becomes obliterated from the umbilicus up to
the point of its giving off branches to the liver. The ductus venosus is also
obliterated, but the veing which were given as branches from the nmbilical vein
o the liver remain in communication with and appear as branches of the left
division of the portal vein.

The Pancreas.—This organ takes its origin in a mass of mesoblastic
tissue, which thickens the wall of the duodenum close to the place where
the rudiment of the liver is first seen, but placed more to the left side.
This mass may be seen on the fourth day in the chick. There is, how-
ever, also a diverticulum from the primary wall of the intestine or
hypoblast. Some doubt prevails, as in regard to the liver, with respect
to the exact share of the hypoblastic and mesoblastic elements in the
formation of the glandular cells. The main duct and its branches
undoubtedly owe their origin to diverticula proceeding from the il:tl:s!;imﬂ
hypoblast, and the epithelial lining of the ducts is certainly derived
from that source. By those who, adopting the most probable view, con-
sider that the glandular cells also arise from the hypoblast, solid pro-
cesses of that layer are described as stretching into the mass of mesoblast.
Into these the diverticular cavities subsequently extend in more than one
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main division. The blood-vessels and the connective tissne of the gland
are undoubtedly due to the mesoblastic elements, and these are very soon
combined with the parts proceeding from hypoblast.

?ig‘ ?93'.'

Fig. 793.—UsvEn sURPACE oF THE
FEETAL LIVER, WITH ITS GREAT
BLOOD - VESSELS, AT THE FULL
PERIGD,

t, the umbilical vein, lying in
the uwmbilical fissure, and turning
to the right side, at the trans-
- verse fissure (o), to join the vena
porte (@) : the branch marked o,
named the duetus venosus, econ-
tinues straight on to join the vena
cava inferior (¢) : some hranches of
the umbilieal vein pass from o into
the substance of the liver; g, the
gall-bladder,

The development of the spleen is deseribed along with that of the
lymphatic system at p. 877.

THE LUNGS, .m AND LARYNX, &o.

The very first appearance of the pulmonary organs in birds and mam-
mals mnzli.gts of a%mle median dﬂferticulum from the ventral wall of
the sophagus immediately behind the fourth visceral cleft, The lower
extremity of this protrusion soon becomes dilated towards the two sides,
while its root communicating with the gullet remains single. These
g;imihiw protrusions or tubercles are visible in the chick on the third

y of inecnbation, and in the embryoes of mammalia and of man at a

nding stage of advancement. Their internal cavities communi-
ﬁte with the wsophagus, and are lined by a prolongation of the hypo-

“I:w

The diverticulam of hypoblast is surrounded by a mass of mesoblastic

Fig. 704. —SKETOH ILLUSTRATING THE DEVE-
LOPMEXT OF THE REESPIRATORY ORGANS
{from Rathke).

A, msophagus of a chick, on the fourth
day of ineubation, with the rudimentary 1
lung of the left side, seen laterally ; 1, the
frout, and 2, the back of the wsophagus ;
3, radimentary lung protruding from that
tube ; 4, stomach. B, the same seen in
front, so as to show both lungs. C, tongne |
and respiratory organs of embryo of the
horse ; 1, tongue ; 2, larynx; 3, trachea :
4, lungs seen from behind,

cells, so that the pulmonary parenchyma, like that of the glands, owes
its origin to both hypoblastic and mesoblastic elements. The substance
of the mesoblast, thickening round the primary diverticula, becomes
penetrated by secondary diverticula formed from the hypoblastic pro-
cesses ; these are succceded by tertiary branches which develop the
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bronchia, and ultimately have the air-cells formed as their terminations,
The formative process consists essentially in the budding of hypoblastic

Fig. 795, Fig. 795. —8BrerioN
THROUGH AX ADVANCED
EMBREYO OF A RABBIT
TO SHOW THE RELA-
TIONS OF THE FERI-
CARDIAL AXD PLEURAL
cAVITIES (from Balfour).

ke, heart ; po, peri-
cardial eavity ; plp,
plearal cavity ; /g, lung ;
al, alimentary tract; ao,
dorsal aorta ; ek, noto-
chord 3  op, rib; o,
sternum ;  ap.c, spinal
cord, ’

into mesoblastic sub-
stance ; the hypoblast
furnishing the lining
epithclium of the
tubes, and the meso-
blast the other tis-
snes, such as muscn-
lar fibres, cartilage,
blood-vessels, elastic
tissue, &e.

The division into larger lobes externally, three in the right and two in
the left lung, may be seen at a very early period in the human fetns. As
the bronchial subdivision extends within the lungs, a tubercular or
coarsely granular appearance is seen over the outer surface, as observed
by Kolliker,in the human foetus in the latter half of the second month.
This is produced by the primitive air-cells placed at the extremities of
ramified tubes, which occupy the whole of the interior of the organ : the
ramification of the bronchial twigs and multiplication of air-cells go on
increasing, and this to such an extent that the air-cells in the fifth month
are only half' the size of those which are found in the fourth month.

In birds the principal air-sacs, three in number, are formed in direct
connection with the lnng in the course of its early development, and the
rudiments of these sacs may be scen at an early period, as bulging con-
gtituent parts of the rudimentary lungs.

Pleurz.—Fach lung receives a covering externally from the lining
membrane of the common pleuro-peritoneal cavity of its own side. This
is at first only on the outer side ; but, as the lungs enlarge, a fissure
separates their solid substance from the outer wall of the ecesophagus, and
the pleura is carried round the lung-mass so as to encircle the gradually
narrowing root of each lung. The two pleurse remain separated by the
mediastinum and heart, round which they have extended.

Pulmonary Vessels.—The blood-vessels of the lungs, which arise in
the mesoblastic tissue, seem to be of comparatively late formation, pene-
trating into the pulmonary tissue only on the twelfth day in the chick.
In mammals the blood-vessels are formed in the same manner in the pul-
monary mesoblast. In birds, as before mentioned, the pulmonary arteries
proceed one from each of the fifth arterial aortic arches, but in mam-
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mals both right and left pulmonary arteries are connected with the fifth
arch of the left side. The manner in which they become connected with
the vessels formed in the lung-substance, and in which a union is estab-
lished between the pulmonary veins and the left auricle, has not yet
been ascertained. . :

Thyroid Body.—This seems to be the proper place at which a refer-
ence may be made to the two organs of doubtful nature—viz., the thyroid
and thymus bodies—which have generally been ranked with the vascular
glands, but which from their development appear to have also some close
connection with the anterior part of the alimentary canal.

The thyroid gland takes its origin both in birds and mammals (W.
Muller (No. 263), Killiker (No. 28, i., p. 869), by a diverticulom from the
ventral wall of the pharynx uﬂoait.e to the place where the aortic bulb
divides into the anterior visceral arches, and it is conjectured that it may
be homologous with the endostyle or ventral diverticulum of the pharynx
in the lampreys. It consists at first of a mass of hypoblast which in birds
i8 hollow, but in mammals is solid ; and in both classes large glandular
cells are soon developed, which Klliker represents in the rabbit as taking
the form of reticulated cellular cords. The hypoblastic part soon acquires
mesoblastic elements, in which blood-vessels and fibrous tissue are rapidly
developed, and the thyroid body becomes highly vascular.

hal::yhirds the el:;iimmr gjlv-iriticdu;r mass loses its mnneutiog with tl;;
nx at an period, divi intotwampmtepu‘ts,an is carri
Eack in the neck n{nng with the elongation of that part, so as to form
two very distinct compact spheroidal bodies situated near the division
of the trachea.

In mammals the thyroid mass becomes somewhat bilobed, the larger
lateral parts remaining united by the isthmus across the trachea.

In man the first origin of the thyroid body has not yet been observed.
In the second and third months the glandolar cords and follicular
cavities begin to appear, and these go on increasing rapidly in the
following months.

The Thymus Gland.—According to Kolliker's observations in the
rabbit, this body is originally of epithelial nature, and arises as a diver-
ticulom from an anterior pair of the visceral clefts, forming a small
longish thick-walled triangular sacculus with two hollow tubular cornua.
It soon divides into lobes, and in these gland-cells make their ap-
pearance, blood-vessels and other tissnes being added from mesoblastic
Sources,

The view taken by Kéolliker as to the origin of the thymus has been
confirmed by the observations of Stieda in the pig and sheep, in which
he found the thymus to arise as a paired ontgrowth from the remnants
of two visceral clefts ; and he and Wolfler attribute a similar mode of
origin to the thyroid body. (273 and 274.)

V. DEVELOPMENT OF THE URINARY AND GENERATIVE ORGANS.
I. GENERAL VIEW.

The development of the permanent urinary and generative organs has
long been known to be intimately associated with that of the ernfﬁrynnic
landular organs named the primordial kidneys, or after their discoverer,
- F. Wolff, the Wolfian Bodies. This association was first ascertained
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by H. Rathke, Oken, and Joh. Miiller more than fifty years ago, and the
fuller knowledge of its nature has been illustrated by numerous embry-
ologists in investigations of more recent date (Bornhaupt, Kobelt,
Kolliker, Waldeyer, Semper, Balfour and others).

Wolffian Bodies and Segmental Organs.—According to the two

Fig. 796. Fig. 796, —DIAGRAMMATIC OUTLINR
OF THE WOLFFIAN BODIES IN
THEIR RELATIONS TO THE
RUDIMESTS OF THE REPRODUC-
TIVE ORGANS. (A, T.)

of, seat of origin of the ovaries
or testes ; W, Woltian bodies ;
0., Wolflian duets ; snm, Miillerian
ducts ; gr, genital cord ; wy, sinus
urogenitalis ; «, intestine ; o,
cloaca.

last named observers, the
Wolffian bodies are the rep-
resentatives in a certain
stage of their development
of a set of tubular glands or
excretory organs existing in
all vertechrates and in a cer-
tain number of invertebrate
animals, especially annelida,
to which the general name
of segmental organs may be given, from their relations to the metameric
somites of the body.

It was first shown by Rathke in 1826 that the Wolffian bodies of
all vertebrates consist of glandular tubes with which are combined
vascular glomeruli of the same general nature as those of the adult
kidney; and recent researches have further shown that an essential
structural character of the bodies in question, in the great majority of
animals in which they are found, is the existence at an early stage of
development of an opening on the one hand of a certain number of
their tubes into the body cavity of the embryo, and on the other, of one
or more of their main ducts into the cloaca or hinder part of the ali-
mentary canal.

In the amniota, that is in reptiles, birds and mammals, while the

reater part of the segmental organs known as the Wollfian bodies
ﬁcnm&s atrophied and disappears in early feetal life, a further develop-
ment of organs of a similar structure gives rise to the permanent
kidneys, and parts of the embryonic segmental organs with their ducts
contribute to the formation of the adult male and female generative
OrZans.

‘Distinction of Pronephros, Mesonephros, and Metanephros.—
The simultancous researches of Semper and Balfour in elasmobranch
fishes have led them to distinguish three typical or fundamental parts of
the secmental organs, all of which agree more or less, 1st, in their cha-
racteristic renal or combined tubular and glomerular structure, and 2nd,
in their opening on the one hand anteriorly and internally into the
abdominal cavity, and on the other posteriorly into the cloaca. :

These bodies may be regarded as three serial divisions of an entire
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segmental apparatus extending on each side of the body of a verte-
brate embryo from the head or mginu of the heart to the cloaca in the
hinder part of the body. The middle division, which in the embryonic
condition is the largest, is the Wolffian body before referred to: the
anterior, much smaller and less constant among animals, is the head-
kidney of Balfour and Sedgwick ; and the posterior one, later of being
formed than the other two, corresponds to the permanent kidney of
the amniota, To these several divisions of the segmental apparatus
Ray Lankester has given the appropriate designations of Pronephros,
Mesonephros and M

‘Wolﬂmmlmd Mullerian M—Eagh of these thtl;:;e di?isin::ls uE
the segmental organs possesses an excretory duct—viz., illerian duc
belonging to the pronephros or head-kidney, the Wolflian duct to the
m&sunepgma or Tgn!fﬁau body, and the ureter to the metanephros or
permanent kidney of the amniota,

Fig. 797.

Fig. 707.—DiaoraM oF THE PRIMITIVE CONDITION OF THE KIDNEY IN AN ELASMO-
praNcH EMBRYO (from Balfour),

segmental duct ; opening at o, into the body cavity and at its other extremity into
the cloaca ; x, line of separation between the Wolffian duct above and the Miillerian duct
below ; st, segmental tubes, opening at one end into the body cavity and at the other
into the segmental duct.

The general nature and relations of these segmental organs, considered
a8 embryonic structures, and as the foundation and precursors of the
Eennanent- urinary and internal generative organs, will be best explained
Lg'efcrllowing Balfour’s very clear statement of the principal steps of

ir development in elasmobranch fishes,

Origin and Formation of the Segmental Organs.—The segmental organs
of the vertebrates originate in a long shaped mass of formative cells,
which, at a period corresponding to the latter half of the second day
of incubation in the chick, is seen to be separated from the mesoblast
in a recess between its mesial or protovertebral and its lateral columns,
and which has hence received the name of dnlermediate cell-mass.
The separation of this cell-mass as a distinet cord or column begins in
the region of the fifth somite or protovertebra in the chick, and
extending from thence backwards to near the hinder part of the
fri:_nitive gut, it finally reaches the cloaca with which it is connected.

t i8 at first solid, but soon acquires a lumen within, and thus forms a
tube, the greater part of which co nds with that which was earlier
known as the Wolffian duct, but which in its entirety, according to the
more recent views before quoted, may be named the segmental duel.
This column with its duct at the same time changes its position by
sinking down in a ventral direction, so that it comes to project in the
body-cavity, and soon, by a rapid increase of formative substance round
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it, the whole forms a longitudinal column on each side of the mesentery
between the parietal and visceral divisions of the mesoblast.

Segmental Tubes—Within this columnar mass a series of tubular offsets
are carly developed (Wolffian tubes) which have the gencral form of short

Fig. 798.

ch Wi i B dd
Fig. 708, —TRANSVERSE SECTION THROUGH THE EMBRYO OF THE CHICK AND BLASTODERM
OX THE 8ECON¥D DAY (from Kolliker).

dd, hypoblast ; ¢, chorda dorsalis; ww, primordial vertebre; m# medullary
plates ; &, corneous layer or epiblast ; wwh, cavity of the primordial vertebral INASS §
nt p, mesoblast dividing at sp into Apl, body wall, and df, visceral wall ; uny,
Waolflian duct, beginning in the intermediate cell-mass.  (See also figs. 690 and 692.)

transverse ceeca directed inwards and connected externally with the main
segmental duct. These tubes in the lower vertebrates, and in reptiles
among the amniota, correspond closely in number with the vertebral or
muscular gomites in the region whi{:fl they oceupy ; but in birds and
mammals, though at first nearly so corresponding, they come later to

Fig. 794.i 2 Fig. 799. — Diacnax oF THE
/ PRIMITIVE URO-GENITAL ORGANS
t. IN THE EMBRYO PREVIOUS TO
d. ¢ f q'i § HEXUAL DISTINCTION,
5 4 ‘ The hinder parts are shown
»..—*f'"}.\ - chiefly in profile, but the Miil-
; S&E"\}/ o lerian and Wolffian ducts are seen
WEER A 3 from the front, entire upon the

& Yid \&e 7 left and ent short upon the right
side. 3, ureter ; 4, urinary
bladder ; 5, urachus; of, the geni-
tal ridge from which ovary or
testicle is  afterwards forned ;
W, left Woltfian body; x, an-
terior part from which the coni
vasculosi areafterwards developed;
.1, right and left Wolffian ducts;
si.m, tvight and left Miillerian
ducts uniting together and with
the Wolffian ducts in ge, the
genital cord ; wg, sinus urogeni-
talis; 4, lower part of the intes-
tine ; el, cloaca ; cp, elevation
which becomes clitoris or penis ;
Is, fold of integument from which
the labia majora or scrotum are

formed.

be more numerous by the addition both of original and of secondary tubes.
These may be named the seqmentel fules. Inits primary form, therefore,
the segmental organ might be described as consisting of & main duet or
canal with a number of ceecal tubuli branching from it or leading into it
laterally.
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Very soon, however, a great modification and mmﬁlicatiﬂu in the
structure and relations of this organ takes place in three ways which
may be shorlly stated as follows :—1st, by the formation of openings
from the inner ends of some of the sermental tubes, and later of the
segmental duct itself into the peritoneal or body cavity at its upper or
dorsal part; 2nd, by the increased growth and convolution of the
tubules, especially of the mesonephros, and by the development of vas-
cular glomeruli in connection with them ; and 3rd, by the formation of a
new collateral duct in the vicinity of the original ental duct, and
certain changes in the association of the segmental tubes with the two
duets which thus come to take the place of the original segmental duct.
These latter changes are of such a natnre that the greater number of the

Fig. 800,—8EoT10N THROUGH THE LUMBAR RRGION OF AX EMBRYO CHICK OF FOUR DAYTS
(from Foster and Balfour).

ne, neural canal ; pr, posterior root and ganglion of a spinal nerve ; ar, anterior root ;

l:yp. muscle-plate ; o, notochord ; WA, Wolffian ridge ; 40, aorta ; Ve a, cardinal vein ;

o, Wolffian duct ; W&, Wolfian body with glomeruli ; ge, germinal epithelinm ; Md,

depression forming the commencement of the Miillerian duct ; d, alimentary canal ; M,

muﬂ; S0, body-wall ; 8P, visceral wall; V, blood-vessels ; pp, pleuro-peritoneal

glandular tubules forming the mesonephros remain connected with
that Eart of the segmental duct which becomes the Wolffian duct, and
are thus brought to a common opening in the cloaca ; while (as
ascertained in some vertebrates, though not in all) some of the anterior
tubules are left in connection with the separate or newly-formed ducs,
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which, having been originally discovered by Joh. Miiller in 1830, has
gince been named the Millerian duct.

The ureter may be looked upon as an offset from the hinder part of
the Wolffian duct, and the metanephros of the elasmobranchs consists of
a seb of segmental tubes developed in connection with this duct, pos-
sessing the same glandular and glomerular structure as the mesonephros,
and ocenpying a gituation which is on the dorsal aspeet of the Wolffian
duect and near its hinder part. The characteristic feature in the develop-
ment of the urino-genital gystem in the ammiota is according to Balfour
the formation of a metanephros or permanent kidney, and the complete
or partial disappearance of the other two parts of the segmental organs—
viz., the pronephros and mesonephros.

The Miillerian and Wolffian ducts stand in a different relation to the
productive organ in the two sexes. In the female the Miillerian duct
becomes developed into the whole length of the genital passages, and the
Woltfian duct almost entirely disappears. In the male, on the other
hand, the Wolffian duet becomes converted into the excretory duct (vas
deferens) of the testicle ; while the Miillerian duct undergoes atrophy and
has no permanent existence.

Fig. 801.

s
EXD

Fig. 801.—DIAGRAM OF THE ARRANGEMENT OF THE URINO-GENITAL ORGANS IN AN
ADULT FEMALE ELASMOBRANCH (from Balfour).

mnd., Miillerian duct ; w.d, Wolffian duct; s.¢, segmental tubes; five of them are

represented with openings into the body cavity, and five posteriorly correspond to the
metanephros ; ov, the ovary ; d, ureter.

In connection with the conducting passages of both sexes there are
found in later life vestiges of those of the embryonic structures which
are not employed in the production of the permanent generative organs,
and these vestiges are of considerable interest in their bearing upon the
history of the changes by which the permanent organs are formed.

Genital Ridge and Germ-Epithelium—In all the Vertebrates the
productive gland of the generative system, ovary or testicle, takes its
origin from formative blastema sitnated on the mesial side of each
Wolfian body or mesonephros at an early period of embryonic life, end
there is in the commencement a close connection between the origin
of the first elements of the sexual products, ova or spermatic cells,
and a portion of the epithelium which lines the body cavity in that
region, Here an elevation of the Dblastema and thickened epithelinm
marks the presence of the genital ridge, and the name of germ-epithelinom
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is given to the more developed portion of the epithelium from which the
generative elements are derived.

In the lower vertebrates the anterior part of the Miillerian duct is connected
with the pronephros, and the opening by which this duct communicates at its
anterior extremity is probably one of the peritoneal apertures of that portion of
the segmental organs. Among the amniota the pronephros or head-kidney is as
vet only known in birds by the researches of Sedgwick and Balfour ; but, accord-
ing to the views of the latter, it seems probable that the anterior part of Miiller's
duct is, in reptiles and mammals a= well as in birds, homologous with the duct
of the pronephros. Although, therefore, the tubular part of the pronephros is
not developed in these animals, there is reason to hold that the type of develop-
ment of their urogenital passages is, in the main, the same as in birds and the
lower vertebrates,

The relation of the origin of the productive sexual organs to’ the
mesonephros, though not yet fully ascertained, is known to be closer
in the male than in the female sex. Thus there is reason to
believe that, while in both sexes, as already stated, the uctive elements
are derived from the germinal cells of the genital ridge, there are

Fig. 802,

Fig. 802.—DiaGRAM OF THE ARRANGEMENT OF THE URINO-GENITAL ORGANS IN AN
ADULT MALE ELASMOBRANOH (from Balfour).

m.o., rodiment of Miillerian duct ; w.d, Wolffian duct, serving at v as vas deferens :
&.t, segmental tubes, two represented with openings into the body cavity ; d, ureter;
t, testis ; né, canal nt the base of the testis ; V.E, vasa cfferentia ; I, longitndinal canal
of the Wolffian body.

differences in the further development of the organs containing the
generative elements, as in the Graafian follicles in the one and the
spermatic tubes in the other.

The External Organs.—With regard to these organs, it is sufficient
to remark in this place that the structural elements from which they
take their origin are essentially the same in the two sexes, and that
their special sexnal characters in the male and female depend rather upon
differences in the degree and manner of their development than upon
any fundamental disparity in their nature. The nature of the process
will be more fully explained hereafter.

In all mammals, with the exception of the monotremata, the dis-
tinctive development of the external organs is preceded by the separation
of the cloaca internally into_an anterior urogenital and posterior anal

p!x“r;. which when the proctodieum is perforated open separately on the
BUrtace,
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The history of the development of the parts composing the external
organs in connection with the formation of their special sexual characters
will be described in a later part of this chapter,

Il. FURTHER DEVELOPMENT EFGTE E PERMANENT URINO-GENITAL
RGANS,

I. THE EKIDNEYE,

The origin of the kidneys as a metanephros in connection with the
hinder part of the Woltian body on its dorsal aspect has alrcady
been adverted to. - Kolliker, following Kupffer and Lieberkiihn, and
from his own observations, has described the first appearance of
the kidney in mammals as taking place by the development of a
tubular diverticnlum from the Wolffian duct near its termination in the
cloaca. This tube represents the earliest condition of the ureter, and it
extends into a mass of mesoblastic cells corresponding or continuous
with that of the Wolffian body from which the glandular part of the
kidney is gradually developed. The distinction between the tubular or
ureter part and that which is to become the parenchyma of the gland
becoming more apparent, the latter increases greatly in volume, and
rapidly encroaching on the space above the Wolffian body comes to
occupy the whole of the region between it and the aorta, and even to
project further forward, while other changes in the interior indicate
the process of formation of the gland, In the ureter the hinder, part
elongates as a single tube, but the forepart becomes dilated and sub-
divided into egeca or wider portions which represent the commencement
of the several divisions of the pelvis. These Eiviainna are surrounded by
masses of the glandular blastema, into which there pass smaller caecal
tubes which seem to sprout from the pelvie hollows of the original ureter.
These tubes then hecome convoluted, and on their exterior small masses
of cells accumnlate in which the vascular glomeruli are gradually formed
by the development of blood-vessels within them. These blood-vessels
remain connected with the external blastema in which they arise by
means of a stalk or pedicle, but the glomerulus now comes to be projected
into a doubling of the uriniferous tubule in the manner which belongs to
all such renal structures. There is at first no distinction between the
straight and the convoluted parts of the tubular substance, but this
arises later by the gathering together of the convoluted parts in rounded
masses towards the exterior, and the elongation of the straighter tubes
internally, while at the same time or somewhat later the latter group
themselves into bundles which form the pyramids and project into the

pelvic calices. .

In the human foetus of eight weeks, the Malpighian glomeruli are already
apparent. In the third month the papille are formed, and in the fourth the
recurved tubes of Henle have become apparent, At first, therefore, the kidneys
seem to consist wholly of cortical substance, with only convoluted tubes, and the
formation of the straight tubular substance is the result of a later change. The
tubes are absolutely, as well as relatively, wider in early feetal life than in the
adult,

In the human feetus of ten weeks the kidneys have acquired their peculiar
bean-like shape with the hilus for the ureter, pelvis and vessels. They are also
distinctly lobulated externally, and they retain this form up to the time of birth,
. and during the first year of infancy,and it is not nncommon to find the lobulated

form in kidneys of a later period.
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Urinary Bladder and Urachus.—The urinary bladder, as already
stated in an earlier of this description, is formed by a dilatation of
the stalk of the tois. In the human fetus this appears as a
spindle-shaped cavity at the end of the second month, the narrower
part below being prolonged as the first part of the urethra into the
cloaca, while the mt:fper narrowing part extends as the urachus into the
umbilical cord, at an early period in animals is prolonged into
the cavity of the allantois.

The ureters terminate in the dorsal wall of that part of the urogenital sinus
which is dilated into the nrinary bladder.

The nrachus is usually a zolid cord at a short distance from the bladder, but,
according to Luschka, it not unfrequently remains hollow for some length within
the nmbilical cord.
fm#T:: spindle shape of the bladder is retainel for a long time in the human

For the development of the Suprarenal bodies, see p. 841,

Genital Cord.—In both sexes, as was first fully shown by Tiersch
(No. 287) and Leunckart (No. 287*) in 1852, the two Wolffian ducts
are united by surrounding substance into one cord behind what
becomes the base of the urinary bladder ; but retaining internally their
separate ﬁwm.gﬂ! until they reach the sinus urogenitalis. With this
cord the Miillerian ducts are incorporated posteriorly, so that at one time
there are four passages through the whole of the genital cord. The
Miillerian ducts next coalesce into one at some little distance from their
lower ends, and this fusion progressing upwards and downwards for a
considerable space, a single median cavity is produced which lies between
the still separate canals of the Wolffian gucl:s. Al accumulation of
tissue in its walls gives to the genital cord great thickness as compared

Fig. 803. —Traxsvense suc- Fig. 803.
TIONE OF THE GENITAL CORD
IX A FEMALE CALF RMBRYO.
Macxtrier 14 praiMETERS
(from Kolliker).

1, near the n aml‘;llﬂ
and 3, near the middle ; 4, at
the lower end ; a, anterior,

P, posterior aspect ; m, Mill-
lerian ducts united or sepa-
rate; w, Wolffian ducts,

with the neighbouring
parts of the ducts where
they emerge from its
enclosure. The lower
gart of the united Miillerian ducts thus comes afterwards to form the
oundation of the vagina and lower of the uterns in the female,
and the corresponding prostatic vesicle with its occasional vestigial
accompaniments in the male, or the uterns masculinus,

II. GENERATIVE ORGANS,

In the history of the further development of the generative organs it
will be convenient to consider them iupthe two ne:eag'&uaummiuu under
the three heads of, 1st, the reproductive glands, or gtrictly internal

U N
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w
organs ; 2nd, the conducting passages or intermediate organsy and
3rd, the external organs,

1. Reproductive Glands.—['rom all recent researches it appears
certain, as previously stated, that the reproductive elements of the two
sexes take their origin from an identical sonrce, viz., the germ-epithelium
of the genital ridge, situated on the mesial side of each Wolffian hody.
It appears further that in the earliest stages of hoth the sexes the thicken-
ing of the genital ridge by the columnar enlargement of its epithelial
cells ocours nearly in like manner ; and it is even further stated that, in
embryoes exhibiting a tendency to be developed as males, an enlargement
of some of the germ-epithelial cells into the form of primordial ova is
observed of the same kind as in embryoes about to become females. But
as development advances, the similarity in the condition of the genital
ridge becomes less, and the germ-epithelial cells remain on the whole
flatter in the male than in the female.

In the human embryo the distinetion of sex begins to be perceptible
in the internal organs in the seventh week, and becomes more apparent
in the eighth. The reproductive gland is from the first connected with
the Wolfian body, with which its blastema seems to be actually in
part continuous; and it remains attached to it, or after its disappear-
ance, to the structure which oceupies its place, by a fold of the peri-

Fig. 804, Fig. 804.—TRAXSYERSE SEC-
TION OF THE WOLFFIAN
BODY OF THE CHIOK DE-
VELOPING THE PRONEPHROS

Y
R .Q\

LA

i \\:‘ \ 'I,r AND GESITAL GLAND ON THE
A \\\ vourtH paY (from Balfour
il "H\&\ i\ - after Waldeyer).

i E S l\‘v.

: \ m, mesentery ; L, body-

wall ; o, portion of the epi-
thelinm from which the in-
volution of the anterior part
of the Miillerian duct z, is
taking place ; a, thickened
germinal epithelinm in whicl
are seen primitive germinal
cells, €' and o ; &, modified
mesoblast which will form
the stroma of the ovary:
WK, Wolffian body ; 3, Woli-
fian duct.

toneal membrane, con-
stituting the mesorchinm
or mesovarium. Upper
and lower bands fix the
Wolffian bﬂ]l;ljr'gi thehupper
assing to the diaphragm
ﬂm;,r be named e O
shragmatic ; the lower, running down towards the groin from the
Volffian duct, contains musenlar fibres and constitutes the future
gubernaculum testis and round ligament of the uterus. i
In birds the distinction of sex is easily recognisable at an early period.
by the occurrence in the female of an atrophy of the ovary and passages
on the right side, while those of the left are fully developed.
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The Testicle.—In male human embryoes at the tenth week already
geminal canals are visible, being at first, according to Kélliker, entirely
composed of cells, but by the eleventh and twelfth weeks the tubes have
become somewhat smaller, longer, and are now branched and 88 a
membrana propria. There is also by the end of the third month a com-
mencement of lobular division, and the body of the testis is now
covered with a condensed layer of fibrous tissue which forms the tunica
albuginea. The serous covering is derived from the abdominal peri-

tonenm. :

The first origin of the glandular substance of the testis has not been
observed in the human embryo, but from the observations of Egli in
male embryo rabbits (No. 308) it appears that the epithelial eells, which
remain smaller than in the females, soon become connected with the
deeper blastema extending towards the Wolflian body, and form strings
of cells ing into the body of the future testis, These are the com-
mencements of the tnbuli seminiferi. Some intimate conneetion, how-
ever, also exists between the tubular structure of the testis and the tubes
of the anterior part of the Woiffian body,

Fig. S05,—INTERNAL GENITAL ORGANS oF A MALE Pig. 805.
HUMAN EMBRYO oF 3% INoHEs Loxe (from Wal-
deyer).

t, body of the testicle with seminal canals formed ;
e, epididymis, or upper part of Wolffian body ; w, Wolf-
fian body, lower part, becoming paradidymis or organ of
Giraldds ; ', Wolffian duct, becoming vas deferens ; g,
gubernaculum.

The nature of this connection is not fully made
out in birds or mammals, but, from the obser-
vations of Braun in reptiles (No. 308%), it is
probable that the formation of the seminiferous
tubes has some close relation with the segmental
tubes of the Wolffian body, and in such a way that
the germinal epithelinm cells are combined with,
or enclosed in these tubes, which extend into the
body of the testis, and thus come to contain the radiments of the spermatic
cells. (For the development of the spermatozoa from the spermatic cells, see
p- 698 of this volume.)

To the probable union between the tubular structure of the testis (rete
testis, vasa recta, &c.) with the vas deferens, through the coni waseulosi,
by the persisterice of some of the tubes in the anterior part of the Wolffilan
body, reference will be made under the description of the development of the
genital passages,

The general result of recent researches appears to be that the elements of the
spermatozoa, as formed in the spermatic cells, are derived from the germinal epi-
thelium, while the secreting tubes, which contain the cells, owe their origin to a
development of formative mesoblast situated between the germ-epithelium and
the Wolffian body, and probably also to the direct extension of some of the
segmental tubes from the Wolfian bodies.

The Ovary.—Considered as a glandular organ the ovary differs from
the testicle and other glands by the absence of special excretory ducts,
and by the separation of its conducting passages from the glandular or
pmduutn:;; part of its structure. Like the testicle it beging to manifest
its peculiar characteristics by the seventh or eighth week, when the
germ-epithelinm has attained considerable thickness, and forms a decided

32
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prominence on the mesial side of the Wolffian body. The farther
development of the glandular part of the organ consists mainly in the
formation of ovigerms and ova, and the enclosure of fthese in
Graatian follicles by a peculiar combination or intermixture of the
germinal cells from the surface with the deeper blastema which forms the
gtroma of the organ.

-

Fig. 808,

Fig. 806,—TRAXSVERSE SECTION THROUGH THE OVARY OF AN EMBRYO SHARK, SHOWING
THE GERM-EPITHELIUM PASSING INTO PRIMITIVE ovA (from Balfour).

At po, the prismatie germ-epithelivm and two primitive ova of which one is still on the
surface, the other has sunk below the rl-il||--|i||r:|'. elsewhere the |i;_;|.-l:'._~.'-.-'|'|.'1-|a.--i part
of the figure shows the ovarian stroma or Iymphatic tissue and the covering of ordinary
epithelinm.

Primordial Ova.—From the researches of Waldeyer (No. 58) and
of many others there cannot now be any doubt that the primitive ova
Fip, BO7.—INTEINAL ORGANS OF A FEMALE HUMAN

FETUS OF 34 INCHES LoNG, OR ABOUT 14 WEEKS.

Macxrrien (from Waldeyer).

o, the ovary full of primordial ova ; ¢ tubes
of the upper part of the Wollian body forming
the l'!lI!ll[lEH:-]'llll |I:II1'I'-':IIE-"|'IIL of Kobelt) : II-"-', the
lower part of the Wolfian body forming the
parcophoron of His and Waldever ; «', the Wolflian
duct; M, the Miillerian duct; ', ils upper
fimbriated opening.
are derived from some of the cells of the
oerm-cpithelinm which undergo enlarge-
ment and subsequently become enclosed
in Graafian follicles. But doubts have
existed as to the exact manner in which
this enclosure takes place, and more es-
pecially as to the source of the cellular
lining of the follicle which is allied to
epithelinm and gives rise to the so-called granular IJ|'|_-I11]F|‘11|:]1_' of later
periods. According to the view first advocated by Waldeyer, the cells
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which form this epithelial and granular-cell lining of the follicle proceed
originally from the germ-epithelium along with the primitive ova. By
Foulis, on the other hand, the origin of these cells has been attributed
to an enclosure and differentiation of the cells of the ovarian stroma,
while Killiker's observations have led him to adopt the view that they
proceed from the cellular contents of tubes which are connected wit
the Woltlian body, and remain for a time as vestiges in the base of the
ovary (parcophoron ?), But the observations of Ludwig (No. 59)
and Baltour (No. 62) seem to show very decidedly that in the lower
vertebrates the aﬂthﬂlial lining of the primitive follicle is the direct
product of cells , like the ova themselves, proceed from the germ-
epithelinm. And though it must be admitted that in the human
embryo there are nees favourable to the view taken by Foulis, the
writer of this is indnced from his own observations in the human ovary
and that of several mammals now to give a preference to the opinion of
Waldeyer.

Fig. 803.—Secrion oF THE OVARY oF A NEWLY-poRN cmitp, HiGHLY MAGNIFIED
(Waldeyer).

a, Ovarian or germinal epithelium ; b, formation of an ovarian tabe ; ¢, ¢, primordial

ova lying in the germ-epithelium ; o, o, longer tube becoming constricted so as to form

nests of cells ; ¢, ¢, larger nests ; 7, distinetly formed follicle with ovum and epithelium ;
ity i, blood-vessels,

In the carliest stages of ovarian development, and for a considerable time
afterwards, the germinal cells of the genital ridge undergo a remarkable multi-
plication, and many of them while still close to the surface, become much larger
than the rest, and assume the appearance of primordial ova : the nuclens expand-
ing into the germinal vesicle, with a distinct nucleolus (or macula) formed within
it, and the external protoplasm inerensing greatly to form the vitellus or yolk,
but, at first, without any enclosing membrane.

As these ovigerms increase in number and size they retive from the surface of
the germinal ridge or ovary, and, collecting into groups, they sink into the
blastema which lies below the epithelial covering,

At the same time a great incresse and extension outwards of the deeper
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blastema occurs, and the lymphatic eells (Balfour) of which it consi presen

more and more the appearance of connective or ﬁhjrjo-nuclaur tissue. s i
_ Ovarian Tubes and Nests.—Ere long the groups of ovigerms become enclosed
in prnlnng'ﬂ.t.mr}s of the stroma, which in some animals present a'marked tubular
form, as deseribed first by Valentin (No. 251), and afterwards more fully by
Pfliiger (No. 55), and in other instances assume the spherical or grape-like
form, g0 as to deserve rather the name of nests which has been applied to them,

Fig. 809.

Fig. 800.—VIEWS OF THE FORMATION OF OVA AND GRAAFIAN FOLLICLES IN THE OVARY
(from Foulis).

A, small portion of the ovary of a human fwtus of 3%} months, showing primordial
ova embedded in the stroma ; o, larger primordial ova ; o, cluster of earlier ova ; n, fusi-
form corpuscles of the stroma, 1, portion of the ovary near the surface in a human fotus
of 7% months, showing the manmer of inclusion of the germ-epithelinm corpuseles
in groups in the ovarian stroma ; ¢, germ epithelium ; ¢, one of the cells enlarging into a
primordial ovum before sinking into the stroma ; o, a larger cell imbedded, becoming an
ovum ; o', groups of ovigerms or germ cells which have been surrounded by the stroma,

C, young ovam from the same ovary, isolated ; p, yolk protoplasm. D, ovum more advanced,
enclosed in condensed stroma, which begins to form a Graafian follicle ; p, yolk proto-
plasm ; v, germinal vesicle with macula ; g, the enclosed corpuscles now converted into
the granular cells ; Gf, condensed stroma forming the wall of the Graafian follicle,

In these tubes and nests the enlarged cells derived from the epithelium, or ovi-
germs, are at first of nearly uniform size and appearance, but very goon some of
them undergo a greater enlargement, while the others diminigh in size, and lose
the spherieal form. It is not improbable that many of these last may wholly dis-
appear, having served, according to Balfour's view (No. 62). as pabulum, or food,
to those which continue to grow. The result of the whole is, however, that one,
or it may be more, of the cells undergo increased development, and acquire
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more and more distinetly the characters of ova by the enlargement of the yolk
protoplasm and germinal vesicle, while those of the others which survive alter their
shape, becoming flattened nucleated cells, and arrange themselves as a more or less
complete single layer of epithelium lining the cavity of ovarian stroma in which
the primordial ovum is now situated. This cavity is of course the first stage of
the Graafian follicle, and the single layer of epithelium lining it, or covering
the ovum, is the commencement of the cellular lining which afterwards becomes
largely developed in the tunica granulosa.

Enclosure in Graaflan Follicles.—While this i= going on, and at a time
which varies considerably in different animals, but is comparatively early in the
human ovary, the ovarian stroma has advanced rapidly so as to enclose first the
groups of primordial ova in the tubes and nests, and then the individual ova,
with their «till very imperfect epithelium ; and the wall of the Graafian follicle
comes to be formed by a layer of condensed stroma surrounding each space con-
taining an ovam. In many animals the ova remain in this condition for a long
time, occupying the germinal stratum at a short distance from the surface of
the ovary, as may be most distinctly seen in the ovary of the kitten (see
figs. 612 and 613, p. 715), and thig stratum of primordial ova is even recog-
nisable in some animals of adult age. In the human ovary the tubes and nests
are more equally diffused through the substance of the ovary than in most
animals, and, indeed, 20 much so0, and in such numbers, that in the human embryo
of from four months up to the period of birth the ovary seems to be an entire mass
of primorndial ova, with only a slight admixture of the stroma and other tissues ;
and it is caleulated that in the earlier part of this stage the ovaries of the human
foetus may contain not fewer than 70,000 cells having all the characters of
primordial ova.

Wall of the Follicle.—When, however, a certain number of the ova begin
to be further developed, they retire from the surface into the deeper stroma of
the ovary, the most advanced being generally situated at the greatest depth,
but at some distance from the hilus, (See fig. 615, p. 719.) When this takes
place, we observe, along with the enlargement of the parts both of the oyvum and
follicle, other changes. The ovarian stroma, or fibro-nuclear tissue, forms layers
round the follicle, being firmer and more fibrous externally, and looser with
somewhat rounder cells next the cavity, and into the inner of these layers a rich
network of blood-vessels soon penetrates. In the more advanced stage, also, we
can distinguish a fine homogeneous limiting or basement membrane within.,

Granular-cell Lining.—In the interior, and swrrounding the ovum, the
epithelial cells, which were at first flat and sparse, have now been multiplied, and
have assumed the prismatic shape, #0 as to give a complete and compact lining to
the follicle, In subsequent stages the cells of this epithelial lining rapidly
increase, so as to form at first several, and then more numerous layers; and when
the follicle has attained some size a fissure oceurs in these granular cell layers
on one side, which leaves the ovum surrounded by a set of the cells which are
in contact with the wall of the follicle, while the interval gradually increasing
between the ovum so enclosed and the opposite wall of the follicle, there is thus
produced the follicular cavity. In the much greater expansion of the follicle
which accompanies full maturation of the ovum, it is mainly by the accumulation
of fluid in this cavity that the enlargement is produced,

In the ovum itself changes also take place, first of all by some increase of size,
which however remains greatly inferior to that of the follicle, =0 that while
the follicle may attain the diameter of from /5 to } of an inch, the ovum
rli.ﬂ.nl}fg-'u:mam’huca‘j'on.:l‘h1 or k.. The reticular structure of the protoplasm
in th more distinet, the macunla well defined, the yolk-
protoplasm proportionally increased in size and exhibiting yolk corpuscles, and a
zona pellucida, or external membrane, gradually makes its appearance externally,
being probably due to a condensation of the outer part of the yolk-protoplasm,

The primordial ovum, when first formed, has a diameter of about Js to 1.,
and its germinal vesicle, or nucleus, which is then proportionally large, may be
about gy of an inch in diameter. When the granular epithelium has become
cylindrical, and the single ovum enclosed in a simple Graafian follicle begins to
gink more deeply into the ovarian substance, its diameter is nearly doubled, while
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the Graoafian follicle is not larger than sufficient to contain it and its epithelial
covering. As the ova appronch maturity the Graafian follicle expands rapidly,
both by an increase of its fluid and of the granular cells, while the ovum remains
of comparatively small size,

2. The Genital Passages.—'T'he existence at first of two sets of tubes
between the internal productive organs and the external parts has already
been adverted to as a feature common to both sexes. The female organs
contrast with those of the male in the passages of the first being formed by
the large development of one of these sets of tubes, viz., the Miillerian
ducts, and in the abortive disappearance of the greater part of the other or
Wolffian ducts ; while in the male the ducts of Miiller suffer in a great
measure the abortive retrogression, and the seminal conducting tubes are
produced from canals formed out of special parts of the Wolffian body
and the whole of the Wolffian duct. But as in all embryoes of whatever
sex both sets of tubes are originally present, while a different one of the
primary tubes becomes developed into the respective permanent con-
ducting passages, vestiges of the other primary tubes, as already stated,
are always present in various degrees in both sexes.

The Female Passages.—In the female, the vagina, uterns, and

Tig. 810,

Fig. 810.—DIAGRAM OF THE FEMALE TYPE OF SEXUAL ORGANS.

This and figure 813 represent diagrammatically a state of the parts not actually visible
at one time : but they are intended to illustrate the general type in the two sexes, and
more particularly the relation of the two conducting tubes to the development of one as
the natural passage in either sex, and to the usual occurrence of vestiges r1:-f the other
tube, as well as to the persistence of the whole or parts of both tubes in occasional
instances of hermaphroditic nature.

3, the ureter jniiing the urinary bladder ; 4, urinary bladder ; 5, urachus ; o, the left
ovary nearly in the place of its original formation ; po, parovarium, ﬂ]mgilmmn oF
Waldeyer ; W, scattered remains of Wolffian tubes near it, 1-armphurn!5 of Waldeyer ;
d G, remaivs of the left Wolffian duct, such as give rise to the duct of (iaertner, repre-
sented by dotted lines ; that of the right side cut short is marked 1 ; f, the n.h-u]::-mmn].
opening of the left Fallopian tube ; u, the upper part of the body of the uterus, fjt;ll p_n]l-
senting a slight appearance of division into cornua ; the Fnllupmn tube of the rig ti side
ent short is marked m : g, round lignment, corresponding to gubernaculum ; 1, m\ll.n
part of the intestine ; va, vagina; A&, situation of the hymen ; C, gland of B:nrt-l‘lglm_
{(Cowper's gland), and immediately above it the urethra ; e¢, corpus cavernosuim clitoridis ;
s, vascular bulb or corpus spongiosum ; n, nympha ; [, labium ; o, vulva,
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Fallopian tubes, are formed out of the Miillerian ducts. That portion
of the ducts in which they become fused together is developed into the
vagina, the cervix, and part of the body of the uterus. The next
following part of the Miillerian duct, constitutes in animals with
horned uteri, the cornu of the uterus; but in the human subject it

Fig. 811.

Fig. 811.—FEMALE OENITAL ORGANS OF THE HUMAN EMBRYO OF THRKE MOXTHS
WITH THE REMAINS OF THE WoLFFIAR poviks (after J. Miiller).

a, The body of the uterus notched above ; b, the round ligament ; ¢, the Pallopian
tubes ; d, the ovaries : ¢, remains of the Wolffian bodies.

remaing comparatively short, entering into the formation of the upper
part of the organ. The remaining upper portion of the Millerian duct
constitutes the Fallopian tube—becoming at first open and subsequently
fringed at a short distance from its upper extremity.

Fig. 812,

Fig. 812.—ADULT JVARY, PAROVARIUM AND FALLOPIAX TUBE (from Farre, after
Kaobelt).

@, @, Epoophoron (parovarium) formed from the upper part of the Wolffian body ;
b, romains of the npprmost tubes sometimes fnr'miu'r: hydatids ; ¢, middle set of tubes d
o, some lower atrophied tubes ; ¢, atrophied remains of the Wolffian duct ; f, the terminal
bulb or hydatid ; A, the Fallopian tube, originally the duct of Miiller; ¢, hydatid
attached to the extremity ; {, the ovary.

The additional or accessory fimbrim and openings referred to by Henle
in his Handbuch, vol. ii., p. 470, may admit of explanation on the sapposition of
the duct of Milller having remained open at these places,

In the human embryo of the third month the uterus is two-horned, and it is
by a subsequent median fusion and consolidation that the triangular body of the
entire organ s produced. The cornua uteri, therefore, of the human uterus cor-
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respond with the separate cornua of the divided uterus in animals, and this
explaing the occasional malformation consisting in the greater or less division of
the uterine cavity and vagina into two passages. There is no distinction in the
human feetus in the third and fourth month between the vagina and uterns. In
the fifth and sixth months the os nteri begins to be formed, and the neck is sub-
sequently gradually distinguished. Thickening succeeds in the walls of the
uterine portion ; but this takes place first in the cervix, which up to the time of
birth is much larger and thicker than the body of the uterns (Kolliker).

In the meantime the Wolffian bodies undergo a partial atrophy, and their
ducts become more or less obliterated and abortive in different parts. The
most constant vestige of the Wolfian bodies in the female is the now well-
known body of Rosenmiiller (No. 277) or Parovarium of Kobelt (No. 285)
which has already been described at p. 720 of this volume, the epooploron
of Waldeyer, and which, being produced ount of the same elements as the epididy-
mis of the male, presents a remarkable resemblance to that body. The canal
uniting the radiating tubes (coni vasculosi) of this organ is also usually persistent,
but ceases at a short distance below. In the sow and several ruminants, how-
ever, and in some Simim, the subdivided upper tubular part or epoophoron has
disappeared, and the main tube (middle part of the Wolffian duct) remains as the
duct of Gaertner, a strong, slightly undulated tube, which is traceable, first free
in the broad ligament of the uterus, and lower down becoming incorporated with
the wall of the uterus and vagina, upon which last it is lost.

The Male Passages.—The conversion of the Wolffian duct into
the vas deferens of the testicle was first demonstrated in animals by

Fig. 813. Fig. 813.—Diaarax oF
THE MALE TYFE OF

m__ e SEXUAL ORGANS,
Y %’W Compare with fig. 810

h

_'-5' eh 3, urcter; 4, urinary
Y bladder; 5, urachus; ¢,
testicle in the place of
its original formation ; e,
caput epididymis ;
vas deferens; W, scat-
teved remains of the Wolf-
fian body, constituting the
organ of Giraldés, or the
paradidymis of Waldeyer ;
v h, vas aberrans; i,
Miillerian duct, the upper
of which remains as
the hydatid of Morgagni,
the lower pmrt, repre-
gented by a dotted line
descending to the pro-
static vesicle, constitutes
the occasionally existing
cornu and tobe of the
uterus masculinus ; g,
the gobernaculum ; wvs,
the vesicula seminalis ; p r, the prostate gland ; C, _{'.!'owpnt'u gland of one side; 0 7
corpora cavernosa penis cut short; &p, corpus spongiosum urethre ; 8, scrotum ; t :
together with the dotted lines ubove, indicates the direction in which the testicle an
epididymis change place in their descent from the abdomen into the scrotum.

Rathke (No. 278, Part 4), in correction of the views of J. Miiller (No. 279),
and was further proved and illustrated by H. Meckel (No. 284) and Bidder
(No. 282). Kolliker showed that a similar process occurs in the human
embryo, and that a communication established between the seminal tubes
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of the testicle (rete testis) and some of the upper tubes of the Wolffian
body gives rise to the epididymis,

In the male, the Miillerian ducts are destined to undergo little development and
are of no physiological importance, while the ducts of the Wolffian bodies, and
probably also some part of their glandular substance, form the principal part of
the excretory apparatus of the testicle. The united portion of the Miillerian
ducts remains as the vesicula prostatica, which accordingly not only corresponds
with the uterus, as was shown by Weber (No, 2583), but likewise, as pointed out hy
Leuckart (No, 288), contains as much of the vagina as is represented in the male,
In some animals the vesicula prostatica is prolonged into cornna and tubes;
but in the human subject the whole of the ununited parts of the Miillerian ducts
disappear, excepting, as suggested by Kobelt, their upper extremities, which seem
to be the source of the hydatid of Morgagni found between the body of the
testicle and upper globe of the epididymis. The excretory duct of the Wolffian
body, from the base of that body to its orifice, is converted into vas deferens
and ejaculatory duct., the vesicule seminalis being formed as a diverticulum
from its lower part ( Waldeyer).

With respect to the formation of the epididymis, it appears certain that the
larger convoluted seminal tube, which forms the main part and globus minor of
that body, arises by a change or adaptation of that part of the Wolffian duct
which runs along the outer side of the organ. The vas aberrans or vasa aber-

- rantia of Haller appear to be the remains also, in a more highly econvoluted form,

of one or more of the tubes of the Wolfflan body still adhering to the excretory
duct of the organ, and their communication with the main tube of the epidi-
dymis receives an explanation from that circomstance. As to the coni vasculosi
in the upper part of the epididymis, it has been customary to regard them as
produced by o transformation of some of the tubes in the upper part of the
Wolffian body, according to the views most fully given by Kobelt ; but, from more
recent observations, Banks has described the origin of the coni vasculosi as more
probably due to a process of development occeurring in a new structure or mass of
blastema which had been previously observed by Cleland, and which is formed in
connection with the upper part of the Wolffian body, and close to the Miillerian
duct ; while Killiker holds that sufficient evidence has not yet been adduced in
favour of this view.

The coni vasculosi, becoming convoluted, are connected with the body of the
testicle by means of a short straight cord, which is afterwards subdivided into the
vasa efferentia. The peritoneal elevation descending from the testis towards the

Fig. 814.—VIEW FROM BEFORE OF
THE ADULT TESTIS AND EPIDIDY-
ais (from Farre, after Kobelt).

a, a, convoluted tubes in the head
of the epididymis developed from
the upper part of the Wolffian body ;
b and £, hydatids in the head of the
epididymis ; e, coni vasculosi; d,
vasa aberrantia ; A, remains of the
duet of Miiller with 4, the hydatid of
Morgagni at its upper end ; [, body
of the testis,

lower extremity of the Wolffian
body, is the upper part of the plica
gubematrix, and becomes short-
ened as the testicle descends tomeet
the lower end of the epididymis ; the peritoneal elevation which passes down into
the scrotum, and is continuous with the first, is the more important part of the
plica gubernatrix, connected with the gubernaculum testis, The spermatic
artery is originally a branch of one of those which go to the Wolffian body, and
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ascend from the surface of the Wolffian body to the upper part of the testis,
along the lignments connecting them ; but, as the testis descends, the artery lies
entirely above it, the secreting substance of the Wolffian body remaining ad-
herent to it; and hence it is that the organ of Giraldés, which consists of per-
;ﬂ;'at-anh Wolffian tubules, is found in a position superior to the epididymis. (Banks,
No. 290).

The Descent of the Testicles.—The testicles, which are originally situated in
the abdominal eavity, paes down into the scrotum before birth. The testicle
enters the internal inguinal ring in the seventh month of fetal life : by the end
of the eighth month it has usually descended into the scrotum, and, a short time
before birth, the narrow neck of the peritoneal pouch, by which it previously
communicated with the general peritoneal cavity. generally becomes closed, and
the process of peritoneum, now entirely shut off from the abdominal cavity, remains
as o separate serous sac. The peritoneal pouch, or processus vaginalis, which
passes down into the serotum, precedes the testis by some time in its descent,
and into its posterior part there projects a considerable colummnar elevation.
There is likewise o fibrous structure attached inferiorly to the lower part of the
gcrotum, and surrounding the peritoneal pouch above, which may be distin-
guished ns the gwbernacnlar eord, both this and the plica gubernatrix being
included in the general term gubernaculum testis (J. Hunter, No, 276), The guber-
nacular cord consists of fibres which pass downwards from the sub-peritoneal fascia,
others which pass upwards from the superficial fascia and integument, and others
again which pass both upwards and downwards from the internal oblique muscle
and the aponeurosis of the external obligque ; it exhibits, therefore, a fusion of
the layers of the abdominal wall. Superiorly, it surrounds the processus vagi-
nalis, without penetrating the plica gubernatrix ; and the processus vaginalis,
as it grows, pushes its way down through the gnbernacular cord and disperses its
fibres, By the time that the testis enters the internal abdominal ring, the pro-
cessus vaginalis has reached a considerable way into the scrotum ; and, as the
testis follows, the plica gubernatrix becomes shorter, till it at last disappenars ;
but it cannot be said that the shortening of the plica is the cause of the descent
of the testicle, and much less that (as has been held by some) the muscular
fibres of the gubernacular cord are the agents which effect this change of posi-
tion, The arched fibres of the cremaster muscle make their appearance on
the surface of the processus vaginalis as it descends, while its other fibres are
those which descend in the gubernacular cord. (See Cleland, No. 280).

3. The External Organs.—In the human embryo, as before stated
with respect to animals, the external organs are up to a certain time
entirely of the same form in both sexes ; and the several organs which
afterwards distinguish the male and female externally take their origin
respectively from common masses of blastema of precisely similar structure
and connections. The common cloaca exists till after the fifth week,
and the genital eminence from which the clitoris or penis is formed
makes its appearance in the conrse of the fifth and sixth weeks in front
of and within the common orifice. In the course of the seventh and
eighth weeks the common orifice is seen to become divided into two parts,
viz., the longer slit of the genito-urinary aperture anteriorly, and the nar-
rower and more rounded anal aperture posteriorly : but the exact man-
ner in which the separation of these two apertures takes place has not yet
been accnrately traced. This process is intimately connected with the
formation of the urogenital cord as an i'lu].E]}Ellﬂl:]lF structure, ﬂll_ll 18
probably mainly effected by the advance from the sides and posteriorly
of septal bands which divide the cloaca into a dorsal or anal and a
ventral or urogenital part. Somewhat later, or in the ninth and tenth
weeks, a transgverse integcumental band completes the division between
the anal and the urogenital orifices, which band forms the whole of the
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go-called perincum of the female, and the of the perineal integu-
ment in the male which is situated behind the scrotum; the raphé being
most obvious in the male sex.

Two apertures are now £een to occupy the perineal region. Of these the
dorsal one or anus is of a rounded form and small eize, and i_s-surmnn&ad
by a small circular integumental ridge; the anterior or urogenital aperture
forms & narrow vertical slit wider behind than before, and running forward
into the rudiment of the penis, or clitoris. .

The well marked eminence in the integument which forms this rudiment, at
first indifferent in the two sexes, is surrounded by o deep circular fold of the
integument which encompasses its base, and which in the separate condition is
the foundation of the mons veneris and labia majora in the female, and when

Fig. 815.—DEVELOPMEXT OF THE EX- Fig. 815.
TERNAL BEXUAL ORGANS IX THE MALE
AXD FEMALE FROM THE ISDIFFEREXT
ryrE (from Ecker).

A, the external sexual organs in an
embryo of about nine weeks, in which
external sexnal distinetion is not yet es.
tablished, and the eloaca still exists ; B,
the same in an embryo somewliat more
advanced, and in which, without marked
sexual distinction, the anus is now sepa-
rated from the uro-genital apertare ; C,
the same in an embryo of about ten weeks,
showing the female type; D, the same
in & male embryo somewhat more ad-
vanced. Throughont the m the
following indieations are em m,
common blastema of penis or cli £
to the right of these letters in A, the
umbilical eord ; p, penis ; ¢, clitoris; o,
cloaca ; wyg, urogenital opening ; @, anus ;
ls, eutaneous elevation which Lecomes labium or serotum ; 7, labinm ; s, scrotum ; co,
eaudal or coccygeal elevation,

nnited by median , of the scrotum in the male. The lips of the urogenital
furrow, which in the female are converted into the nymphm, and in the male
unite as integument below the penis, are both at first precisely the same in all
embryoes, In the open condition, which continues until the eleventh or twelfth
week, the parts appear alike in both sexes, and resemble very much the more
advanced female organs. The rudiments of Bartholin’s or Comwper's glands are.
it is said, seen at an early period, near the root of the rudimentary clitoris or
penis, on each side of the genito-urinary passage.

In the female, the two external folds of integument enlarge, so as to cover the
clitoris as the ladia majora. The clitoris itself remains relatively smaller, and the
groove on its under surface becomes less and less marked, owing to the opening
ont, and subsequent extension backwards, of its margins to form the nymphe.
The vaseular bulbs, sunk more deeply in the tissues, remain distinet and separate,
except at one point where they run together in the glans clitoridis. The
kymen begins to appear about the fifth month as a fold of the lining mem-
brane at the opening of the genital passage into the urogenital sinus. Within
the vestibule, which is the shortened but widened remains of the urogenital
sinus, the urethral orifice is seen, the urethra itself undergoing considerable

In the male, on the contrary, the penis continues to enlarge, and the margins
of the groove along its under surface gradually unite from the primitive urethral
orifice behind, as far forwards as the glans, so as to complete the long canal of
the male urr;t.im, which is therefore a prolongation of the urogenital sinus. This
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is accomplished about the fifteenth week. When this union remains incomplete,
the abnormal condition named hypospadias is produced. In the meantime the
prepuce is formed, and, moreover, the lateral cutaneons folds also unite from
behind forwards, along the middle line or raphé, and thus complete the serotum,
into which the testicles descend in the course of the eighth month of feetal
life, ag hefore described.

The corpora cavernosa, which are at first separate, become united in their
distal portions in both sexes ; but the corpus spongiosum urethrse which is also
originally divided in all embryoes, and in the female remains so in the greater
part of its extent, becomes enlarged in the male in the glans penis, and its two
parts united mesially both above and below the urethra, so as to enclose the whole
of that tube from the bulb forwards to the glans,

TYFE OF DEVELOPMENT AND ABNORMAL FORMS.

The type of development in the several parts of the genital organs may be
stated to differ in the two sexes as follows, viz, :—

lst. In the external organs it is single and homological. 2nd. In the middle
organs or passages it is double and heterological. 3rd. In the productive organs
it is single and homological as regards the productive elements, but with some
difference of the sources from which the containing capsules of the ovary or tubes
of the testicle are respectively derived. This is illustrated by the table placed on
p. 911,

Accordingly the congenital malformations of the reprodunctive organs admit of
being distributed under the following divisions :—

1et. Abnormal forms attributable to variations in the development of one or
more of the external organs in either sex, producing an approach to the form
of the other sex.

2nd. Forms referrible to variations in the development of the Wolfian or
Miillerian ducts, s0 as to lead to the greater or less predominance of sexual
characters in a part or the whole of either of these passages inconsistent with
those prevailing in other parts of the system, or to the coexistence of both sets of
passages in whole or in part,

8rd. Extremely rare forms referrible to the possible coexistence of the produc-
tive parts of testicles and ovaries in the same individual, which may be combined
with more or less of the foregoing kinds of malformation.

As an example of this last form reference may be made to the case deseribed
by Heppner, of St. Petersburg, in which microscopic examination showed the
presence of small ova in Graafian follicles in the one pair of bodies and of semi-
niferous tubes and spermatic cells in the other. (No. 3i4.)

Upon the subject of Hermaphroditism consult Simpson (No. 333).

MALFORMATIONS IN GENEERAL,

In the preceding pages we have frequently had occasion to refer to the rela-
tion subsisting between the natural development of organs and their abnormal
conditions or malformations. There can be no doubt that a considerable number
of congenital malformations, more especially those of the nature of dufeet,
whether by non-formation or deficient growth of the parts in which they occur,
or by want of union between those which naturally fuse together, as well as
many abnormal conditions depending on misplacement and altered form and
gtructure, may be attributed in some measure to an arrest of the process of
development, or a variation in zome part of it, in the earlier stages of embryonic
life, and may therefore receive much illustration from the study of the natural
process of formation, But comparatively little light has yet been thrown by this
study upon the origin of that large class of malformations in which there 1s
yodundance of parts, either by more or less complete duplicity of the whole hﬁﬂlj'
or by an increase in the number of individual parts. At the same time it is
obvious that, since in these as in all other malformations the histological and
morphological processes of development do not differ essentially in their nature
from the natural ones, but are only modifications end variations of them, the
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knowledge of the true nature of the abnormal structures must follow closely
upon our acquaintance with the natural processes of development.

Upon this extensive subject, which does not come within the scope of this work,
the reader is referred to the masterly Essay of Bischoff (No. 312), and other
treatises quoted in the Bibliography at p. 918,

Tabular scheme of the CorRESPONDING Pants of the genito-urinary
organs in the two sexes, and of their relation to their EMBRYONAL
ELEMENTS :—

Apvrr Feumaie. EMBRYONAL Avvrr Maix
1-GERMINAL RIDGE.

Owva, 1. Germ-epitheliom ..... ........c mﬂn cells.
Biroma of the ovary and Gm- 2. Desper blastema with Wolf- tubes.
aftan follicles, flan stroma.

I -MULLERIAN DUCTS.
(Dmcts of Pronephros.)
Fimbriated opening and 1. Anterlor extremity ........... Hydatid of Morgagni.
mmm
Fallopian tubes ..........coonvinionenne 5 MEldle pard......coieevreniensens  Tubes  extending from the

nterns masenlinus,
Yagina and uterus ..................... L Posterior single part ..... ... TUterus masenlinus or prestatic

IIL -WOLFFIAN BODIES (MESONEPHROE)
Bmaller tubes n!m'huu. 1. Anterior segmental tubes.  Vasa efferentia and coni vas-

?f Hosenn cnlosl of the epididymis,

LILLLN

Parcephoron (Walll.) .........coovvneee % Posterior segmental tubes.,, (Wald.), organ of
G VasnL A tla.

Round ligament of the uterus. . .. a.[.lf:dmmt of the Wolfflan
r'lﬂ

IV.—~WOLFFIAN DUCTS.
Main Tabe of the Epoophoron ... 1. Anterior and middle parts ... E-ETholutud tubo of the epididy-

Ducts of Oaertner, of some ani- L Posterlor part.........coceeee.. Vas deferens and  vesicule
mals, semindles.

¢ V.—METANEFHROS.

EIAnaY ......cocciiimmainmias. 1. Tabular portlon ... ........ Xidney,
uﬂ SRS TR R AT LR SR SRR TR B 1 Dmt L e e e e ) u’m.

VIL—-GENITAL OORD AND BINUS UROGENITALIS.
Tissue uniting female urcthra and 1. Salstance surrounding geni- Prostate gland,
. tal ponl.

urethra ..........occicininnee L Urinary pedicle, Frostatic portion of urethra
nbove vasa deferentia,
Ostium vagine. Hymes........... 3. Conflucies of genital with Verumontanum.
urinary parts,
WIS ... s bipesrinien s TOWEEPRNE ...\ ooesonecaaeains Lower prostatic and membra-
nous of urethra
m"m sEEs ESdEsEs mEwend El cﬂ-ﬂl'l'l'lﬂﬂ- 'I.lll.Btﬂll.l. [ — L} m

VIL-EXTERNAL ORGANS,
L—Vauseular peris,

COrura and clitoridly ......... n. Corpora eavernosa ............ Crura and eorpus penis.
mmmm b, Corpor spongioss ............ Glans penis and spongy body,

2 —Inlegumental parts,

sespgraps gneasnane Tl m Hl‘ﬂltl] imjr.lf‘tl['!' e mm
Folds of aympha ............cooee.. B Lips of genital ridges ..... ... ﬁﬁl .
Mons veneris aid labia majora e i.’-'lltl-nuffl wall h ............ i m&:& scrotum,

Perinenm of female, with raphé.,. d. Transverse ano-genital band Perineum of 1male  behind
serotum, with raphd,



912  BIBLIOGRAPILY.

BIBLIOGRAPHY.

General Works on Development.—[1.] Hier. Falricius. (i.) De formato fotu.
Padua, 1600 ; (ii.) De formatione ovi et pulli, 1621. [2.] William Harvey. (i.) Exer-
citationes de Generatione Animalium, Amst. 1651 ; (ii.] In English, Lond. 1653. [3.]
Mare. Malpighi. (i.) De formatione pulli, 1672 ; (ii.) De Ovo incubate, 1681 (ded. to E‘.uy
Soc. ) ; and in Op. Omn. Lond. 1686. [4.] Walter Needham. Deformato feetu. Lond. 1667,
[5.] Legner De Graaf. De Mulierum organis generationi inserv., &o. Leid. 1672, [6.] Jok.
Swammerdam, Works, 1672—1685. [7.] Ant, Vallisneri. Istoria della Generazione dell’
Uomo e degli Animali, &c. Venezia, 1721, [8.] Albert Huller. (i.) Elementa Physio-
logiee, Vol. VIIL, 17656—@ ; (ii.) Deux Mém. sur la formation du poulet, &e, Launsanne,
17568 5 (iii.) Bur la form. des os, 1758 ; (iv.) In Opera Minora, Vol. II., 1766. [0.]
Casp. Fr. Wolff, (i.) Theorin Generationis. Berlin, 1759. In German, Derlin, 1764 ;
in Latin, Halle, 1774; (ii.) On the Development of the Intestine, in Nov, Comment.
Acad. Petropol. 1768—0. In German by J. F. Meckel, 1812. [10.] (hrist. Pander.
(i.) Diss. Inaug, Hist. Metamorph. q. ovom incubat. quingue diebus subit. Wiirsburg,
1817 ; (il.) Beitr. z. Entwick'g. des Hithnehens im Ei. Wiirzburg, 1817, [11.] Prévoat
and Dunas. Several Memoirs on the Generation of Mammals, Birds, and Batrachia in
Ann. des Se. Nat. 1824-6. [12.] Carl Ern. v. Baer. (i.) In Burdach’s Physiol. Val.
1I., 1828 ; (ii.) Beobachi. u. Reflex. u. . Entwick'g. der Thiere, Konigsherg, 1828—
37. [13.] C. F. Burdach. Die Physiologie, &e. Vol. 1I. Leipzig, 1828, [14.] Heinr.
Rathke. (1) Abhandl. z. Bild. n. Entwick'g. des Menschen u. der Thiere. Leipzig, 1832 ;
(1i.) Entwick’z. der Natter. Kinigsherg, 1839 ; (iii.) Entwick'g. der Schildkriten. Braon-
schweig, 1848 ; {ir.z Lehrbuch der vergleich. Embryologie, 1861. [15.] Jok. Miller.
{i.}) Handbuch der Physiologie des Menschen, &c. Coblenz, 1884, ef scq. ; (ii.) Transla-
tion into English by Baly, Lond. 1841—2; and (iii.) Supplement, 1848, ';13.)% (i
Valentin, Handbuch der Entwick'g. des Menschen, &c. Berlin, 1835, [1 1 ud
Wagner. (i.) Lehrbuch der speziellen Physiologie, 1st part ; Zengung u, Entwickelung.
Leipzig, 1838 ; (i) Translated by Willis, Lond. 1846 ; (iii.) In Otto Funke’s Lehrbuch
der Physiologie. Leipzig, 1857 ; (iv.) Icones Physiologice. 1839. 8.] K. B. Reickert.,
Das Entwickelungsleben im Wirbelthierreich, Berlin, 1840. [18.] Martin Barry. Re-
scarches in Embryology, 1st, 2nd, and 3rd series, in Phil. Trans,, 1839—40. [20.]
(. F. Hausinann, Ub. d. Feugung, &ec. bei den Siingethieren und Mengchen, Hannover,
1840, [21.] Theod. L. W. v. Bischaf. (i.) Entwick'g. der Siiugethiere und des
Menschen (in Soemmerring's Anat.) Leipzig, 1842 ; (ii.) Entwick'g. des Kaninchen-Eies.
Braunschweig, 1842 ; (iii.) Entwick'g. des Hunde-Eies, 1845 ; (iv.) Entwick'g. des
Meerschweinchens. Giessen, 1852 ; (v.) Entwick'z. des Rehes. Giessen, 1854; (vi)
Hist. krit. Bemerk. z. d. nenesten Mittheil. n. d. Erste Entwickelung der Siingethiere.
Mun. 1877. [22.] Coste. (i.) Recherches sur la Génération des Mammifires, &e. Paris,
1834 ; (ii.) Cours d’Embryogénic Comparée, Parig, 1837 ; (iii.) Hist. gén. et particul.
du Développement des Animaux. Parig, 184759, [é-"f]'] Erdl. Die Entwick. des
Menschen u. . Hiinchens im Ei. Leipzigz, 1846. [24.] L. Agassiz. (i.) Twelve
Lectures on Comparative Embryology. Boston, 1840 ; (ii.) L. Agassiz and 4. A.
Gould, Outlines of Compar, Physiol., by Thos. Wright, M.D. London, 1851, Eﬂ-ﬁr R,
Remal. Untersuch. ub. d. Entwickelung der Wirbelthiere. Berlin, 1851—4. [26.] 4.
Eeker. Tcones Physiologice (Tab. XXV, to XXXI.). Leipzig, 1851—59. [27.] F. A.
Lomget, Traité de Physiologie. Vol. II. Paris, 1860. [27*.] Leveboullet. Rech. d'em-
bryol. comp. (Trout, Lizard & Lymneus), in Ann. d. Sc. Nat. vols. xvi.—xx. 1861—3.
[28.] Albert v, Killiker. (i.) Entwick'g. des Menschen u. d. hiheren Thiere. Leipzig, 1861
second edition, 1876—79 ; (ii.) Grundriss der Entwick'g., &e. Leipzig, 1880. [28.]
W. His. (i.) Untersuch. iib. d. Erste Anlage des Wirbelthier-leibes. Leipzig, 1868 ; (ii.)
Unsere Kirperform, &e. Leiprig, 18756, [30.] M. Foster and F, M. Balfour. The
Elements of Embryology. Part I. The Chick. London, 1874. [31.] F. M. Balfowr. (i.)
A Monograph on the Development of Elasmobranch Fishes. London, 1878. Previously
published in Journ. of Anat. and Physiol., 1876-8. [32.] F. M. Balfour. A Treatise
on Comparative Embryology. 2 vols. London, 1880-1. [33.] 8. L. Schenk. Lehrbuch
der vergleich. Embryologie. Vienna, 1874. [34.] 4. 8. P. Packard. Life Histories of
Animals ; or, Outlines of Comparative Embryology. New York, 1876, [35.] 5. Stricker.
Manual of Human and Comparative Histology, Transl. from the German by H, Power.
3 vols, London, 1870—73.



BIBLIOGRAPHY. 013

Works on the General Relations of Embryology.—[88.] Victor Carus.
System der thier. ie, Leipzig, 1858. [37.] R. Owen. On the Anatomy of
Vertebrates. 3 vols. 1866, [38.] Th. Huxley. (i) Lectureson Comparstive Anatomy.
London, 1864 ; (ii.) Manaal of Comparative Anatomy : Vertebrates. .13'1' 38.]
(fegenbaur. Comparative Anatomy. Transld. by F. J. Bell. London, 1878. [4 ‘c:.lh .
Darwin. The Descent of Man, 1871, and other Works. [41.] Ernst Hacckel. (i.) Anthro-
pogenie oder Entwick'g. des Menschen, Leipzig, 1874 ; (ii.) Schopfungs'g., &e. Tl'l-lll:
inﬂ-.n,ﬂmn{ﬂruﬁm_hndw,lﬁ?ﬂ.v[ .] R. Leuckart. Article ** ng,"’
in Rud. Wagner's Handwort. der Physiol., Vol. IV. Brmunschweig, 1853. [ m

. Die Stammwerwandschaft. d. Wirbelthiere u. Wirbelltsen, in Arh. Zool.

Tost. Wiirzh, 1875, [44,] &£. R. Lankester, Notes on Embryology and Classification.
London, 1877, [45.] £. A. Schifer. Some Teachings of Development, in Quart. J.
Microse, 8¢, 1880, [46.] v. Hensen. Article ** le " in Hermann's Handbuch
der Physiol. Leipsig, 1881. [47.] Osar Hertwiy and R, Hertwig. Die Coelomtheorie
J 1881.

Ovwarian Ovam:—[48.] J. E. Purkinje. (i.) Symb. ad Ovi hist, ante incuba-
tionem. Leipzig, 18235, and bd. Leipaig, 1830 (ii.) Article ** Ei.” in Encyclop. Wor-

Berlin, 1834. [48.] C. E. v. Baer, Epistola de Ovi Mammal. et hominis Eanau.
Leipzig, 1827. [Bﬂ_] . (i.) In Comptes rendus. 1833 ; (ii.) Rech. sur la Gendr.
des Mammifdres. Paris, 1834. [51.] Thomas W. Jones. (i.) In Phil. Trans. 1835 ; (ii.)
Bﬂagrlmthuﬂrumufﬂmmﬂlh& ern, &c., in Medico-Chirurg. Review, 1843.
[52.] Rud. Wagner. (i.) Lehrb. der vergleich. Anat. 1834—5; (ii.) In Miiller's Arch.
1835, p. 378; (iii.) Prodromus historiee Gemerationis, &c. Leipzig, 1838, (iv.) In
Dcnhlaﬁr. Bavar. Acad, 1837 ; (v.) Article “Ei" in Brsch and Grunber's Encyclopmd.
Wiirterbuch. [53.] Allen Thomson. Article * Ovum,” in Todd's Cyclop. Anat. and
Physiol. 1852— 56, [HG.L (7egenbawr. Ban n. Entwick. d. Wirbelthiereier, &e¢., in
Miller's Arch. 1861. [ .L.Pﬂigrr. Die Riersticke d, Siugethiere u, d. Menschen.
lnigdl. 1863, E}ﬂ;ﬁh] W. His (Mammalian Ovary). In Arch. f. mikrosk, Anat., 18635,
[68.] Cramer. Beitr. 2. Kenntn. d. Bedeut. u. Entwick. des Vigeleies. Wiirzburg,
1868, zﬁ'fi Edw, van Beneden. Mém. Cour. Rech. s. L. Composition et la Significa-
tion de I'Oeuf, in Mém. Acad. 1863—70, B_!EB.] W. Waldeyer. Eierstock u. Eie.
Leipeig, 1870, [88.] M . Ub. d. ldung im Thierreich, in Arbeit. Zool.
Zoot. Inst. Wiirz 1874, [80.] T. Ocllacher, Beitr, z. (Gesch. der Keimblase, in
Arch, f. mikrosk. Anat. 1872, [61.] J. Foulis. (i.) On the Devel. of the Ova and
Struct. of the Ovary in Man and other Mammalia, in Trans. R. 8. Edin. 1876 ; (ii.) In
Qu. J. Micr. 8o, 1876; (iii.) In Journ. Anat. and Physiol. 1878—9, [62.] F. M.
HBalfour. Struct. and Devel. of Vertebrate Ovary, in Quart, J, Microse. Sc. 1878, [82*.]
Schdfer, Immature Ovarian Ovum, &e. in Proe. Roy. Soc. 1880, Gaﬂﬂm van Hen-
eden. Ovaire des Mammiféres (Bats), in Arch. de Zool. 1880, [U } iani,
d’Em Comparée, Paris, 1879. [65.] H. Lindgren. Ub. d. Wirkl. Porencan-
iilchen in d. Zona pellue. des Siugethiereies, in Arch. f. Anat. und Entwick'g. 1877,
Rﬂﬂ.] D. Von Sehlen. Beitr. z. nach der Mikropyle des Singethiercies, &e., in

rch. f. Anat. u. Entwick'g. 1882, [66*.] K. Schalin, Z Morphol. d. Ovariums, &e.

in Arch. f. mikr. Anat. 1881.

Maturation, Separation, and Fecundation of the Ovam:- [67.] Bischaf.
(i.) Beweis der Reifung und Loslisung der Eier der Siugethiere und des Menschen, &ke.
Giessen, 1844 ; (ii.) it . &e. 1854, [68.] Fr. Miiller. (Om the Polar or Direct-
ing Globules), 1848, [89. ?F Nelson. On the Reproduction of Ascaris Mystax, in
Phil, Trans. 1852. [6 '.% F. Keber. De spermatozoarum introitu in ovula, Konigsberg,
1853, [70.] Meiasner. (Presence of Spermatozoa in Mammif. Ovam) in Zeitsch. f.
Wissen, ool 1855. [71.] Newport. Beveral Memoirs on the Impregnation of the Egg
in Amphibia, in Phil. Trans. 1852-3-4. EZEJ ftansom. Discov. of the Micropyle in
Fishes, in Proc. Roy. Soe. 1854, J’?ﬂ.] in. (Un the Polar Globules), in Journ, de
I"Anat. et de la Physiol, 1862. 4.] Edw. van Beneden, (i.) La Mataration de 1'Oeuf
des Mammifdres, &ec., in Bull. I'Acad, de Belg. 1875 ; (ii.) Contrib. to Hist. of the
Geerminal Vesicle, &c., Qu. J. of Micros. S¢c. 1876, [75.] E. v, Beneden and Ch. Julin.
Observ. sur la Matur., Ia Fécond, et la Segment. de 1'Oenf chez les Cheiroptires in Arch.
de Biol. Bruss. 1880, p. 551. [76.] F. M. Balfour. On the phenomena accompanying
the Maturation and Impregnation of the Ovum, in Quart. J. of Microse, Se. 1878, where
an account ut'tEE rmn:t. lil':teant.ura willl he Idt'-&;urn:l.

Segmen on of the Ovum :—In addition to the already quoted works of Prévost and
Dumas (11), Barry (19), Bischoff (21), Allen Thomson (53), Kolliker (28), Coste (22, iii.),
the following may be consulted : —[77.] v, Baer. Die Metamorph, des Eies d. Batrach.
ke, Miiller's .'.f-_.rthr. 1834. [78.] Killiker. Emtwick, der Cephalopoden. Zurich,
1844, [79.] Kalliker. Zur Lehre von den Furchungen, &e., in Wiegmann's Arch. f. Natur-

gesch. 1847. [80.] H. Cramer. Bemerk. u, d. Zellenleben in d. Entwick. d. Frijsch-
VOL. il .
3 x



914 BIBLIOGRAPITY.

cies, Miiller's Arch, 1848. [BL.] F. Zeydiy. Die Dotterfurchung, &e., in d. Thierwels,
&e., in Oken's Isis, 1848. [BR2.] Ecker. Icones Physiol. (26). [BS8.] Kewalerslky.
(i.) Entwick'z. des Amphioxus lanecol. Mém. Acad. St. Petersburg, 1867 (ii.)
{(Further Researches on the same) in Arch. f. mikrosk, Anat. 1877. [84.] Goette. (i.)
In Arch. f. mikrosk. Anat. 1874; (ii.) Entwick'g. der Unke (Bombinator igneus).
Leipzig, 1874, [85.] £. Ray Lankester. In Ann. and Mag. Nat. Hist. 1873. [86.]
F. M. Balfour. The Devel, and Growth of the Layers of the Blastoderm. Qu. J. of
Microse. Sc. 1873. [87.] Kd. van Beneden. In No. 57 and No. 75, i ii. and iii.
[88.] v Hensen, In Zeitsch. f. Anat. v, Entwick’z, 1875. [89.] E. IHaeckel.
Die Gastrula n. Eifurchung, &e., Jena 1877, (ii.) Acconnt of Haeckel's views, &e. by

R. Lankestor, in Qu. J. Mier. Se. 1876, p. 61 ; (iii.) and Translation by E. P, Wright in
the same, 1874, p. 142 and 223,

The Blastoderm ; its Layers, and earliest Phenomena of Development:—
[80.] E. Dursy. Der prim. Streif des Hilhnchens. Lahr, 1886. [90,*] Kowalevsky,
DI, Entw, d. Haifische, Her. . Naturf. in Kiew, 1870, [B1.] Peremeschiko, Wiener
Sitzungsher. 1868. [92.] Waldeyer, Zeitsch. f. Rat. Med.71860. [88.] Stricker. In
Handbuch, 1872, p. 1191, and Transl. (No. 35). [04.] Goette. Arch. f. mikrosk. Anat.
1873, [95.] K. R. Lankester. Prim. Cell-layers of the Embryo, in Aun. & Mag. Nat.
Hist, 1871. On the Germ. Layers as Basis of Classification of Animals, in the same, 1873.
[986.] F. M. Balfour. (i.) No. 88 ; (ii.) Compar. of the Early Stages in the Devel. of
Vertebrates, in Quart. J. of Micros. 8¢., 1875 ; (iii.) On the Early Devel. of the Lacertilia,
&e,, in Qu, J. Microse, 8¢, 1879. [07.] (foefte. Arch. f. mikrosk. Anat. 1875—4.
[98.] v. Hensen. (i.) Embryol., Mittheil., in Arch. f. mikrosk. Anat., 1867 ; (ii.) Beo-
bachtungen, &e. (Rabbit and Guinea-pig). Zeitsch. f. Anat. u. Entwick’z., 18756—6.
[089.] Killiker. (i) (On the Bird) in Verhandl. d. physik. med. Gesell. Wiirzburg,
1875 ; (ii.) (On the Rabbit), Festschr. a. d. 300 Jahr. Feier. &e., Univ. Wiirzburg,
Leipzig, 1882, (Prel. Acct.) in Zool. Anzeig., 1880. [100.] E. A. Schifer. (i.)
Dege. of an Early Mammal. Ovum, Proe. Roy. Soc. 1876 ; (ii.) Contrib. to Hist. of Devel.
of Guinea-pig. J. of Anat. and Phys., 1876—77. [101.] 4. Rauber. (i.) Die Erste
Entwick, des Kaninchens, Sitzungsber. der Naturf, Gesell. z. Leipzig, 1875 ; (ii.) Prim.
Rinne u. Urmund. Morph, Jharb, 1876 ; (iii.) Prim. Streifen u. Neurola d. Wirbelth.
Leipzig, 1877, [102.] Disse. Die Entwick. der mittl. Keimblitter im Hiithnerei. Arch.
f. mikr, Anat. 1878, [102.%*] M. Duval, Sur la ligne primitive, &e., in Ann, d. Se.
Nat, 1879. [108.] Gasser. Der prim. Streifen bei Vigelembry. Cassel, 1879, [104.]
Lieberkithn, Ub, d. Keimbliitter d. Siugeth., Marburg, 1879 ; and inSitzungsb. d. Natorwiss.
Gesell. z. Marburg, 1380. 5105.] E. van Beneden. La form, des fenillets chez le lapin,
Arch, de Biol. 1880. [108.] €. Koller. Ub. d. Blitterbild. im Hiihnchenkeim,
Wien. Sitzungsber, 1880, [10%.] Hﬂgﬂc. On the Germ. Layers and Early Devel. of
the Mole, Proc. Roy. Soc. 1881, [108.] Balfour and Deighton. Renewed Study of
the Germ. Layers of the Chick, Quart. J. Micr. Sc, 1882, [100.] Ose. w. R. Hertivig.
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&e. Berlin Acad. 1873. 26.] Breuss. Wien. med. Wochensehr, 1877, [127.]
Brigel and ELiwe., Arch. f. Gynmkol. 1877, [128.] v Hensen. Arch. f. Anat. und
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[Hn]:-uhunmu decidua. ) .!..mh f. Gynmkol. 1872, [154. Matthews Duncan, in Edin,
Obstetr. Soc. 1872 an The Mucous Membrane of the Uterus, New
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Gynmkol. 187 Earmﬂ Eu]]. lh'%?. daalh placenta umana, &c. Siena,
1880 ; referred to by i {14? iv.) piegelberg, Gynmkol. 1882,
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Heanke and C. Reyher. Stud. u. d. Entw. der Extrem. des Menschen (Gelenkfliichen)
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Kns Tiibingen, 1869, [179.] Callender. (Bones nfthtFMa.} Phil. Trans, 1870,
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