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INTRODUCTION.
THE following investigation of the development of the hypophysis cerebri
in Marsupials was undertaken at the suggestion of Professor J. P. Hill,
and I wish to express my gratitude to him for help and advice without
which the work would have been impossible.

The literature of the pituitary is already vast, and for close on a
century its origin has been the subject of much scientific discussion, but
relatively little work has been done on the later stages of its development.
The rich supply of embryological material in Professor Hill's collection
makes it possible to add some facts to those already recorded by other
authors, whilst the interesting conditions revealed in some of the
Marsupials afford a further reason for adding this contribution to the
existing literature.

The pre-oral gut (Seessel's pocket) in some Marsupials actually
becomes part of the so-called anterior lobe of the pituitary, hence it
becomes necessary to include as full an account as possible of that
structure. Furthermore, the relations of the anterior end of the noto-
chord to Seessel's pocket are, in some species, so close as to merit
description in the same connection; whilst in intimate relation to the
anterior end of the chorda there is, in some Marsupials, a mass of cells
giving rise to a pair of head cavities. In fact, study of the region of
the head shows that the notochord, head cavities, pre-oral gut, and the
hypophysis are so closely related that to omit any one of these structures
is to render the description inadequate. It is doubtless impossible at
present to arrive at a correct estimation.of the phylogenetic importance
of the facts, and further study on the subject, more especially in the

1 Thesis approved for the Degree of Doctor of Science in the University of London.
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lower Vertebrates, is very desirable. The difficulty of the problem is
evident from the number of different structures of unknown significance
which are said to be derived from either the roof of the fore-gut or the
head of the notochord-e.g. the "praochordal Platte" described by Oppel
(40) in Anguis fragilis; the " Gaumentasche " of Selenka (55) in Didelphys;
the pharyngeal bursa, first described by Mayer (31) in 1840, whose possible
identity with Seessel's pocket has since been discussed. From an investiga-
tion based on one sub-class of the Vertebrates it is obviously impossible to
deduce theories of general applicability, but, at the least, some facts may
be added which will in the future help in the solution of the interesting
problem of the phylogeny of the Vertebrate head.

The descriptive portion of the paper is divided into two sections: the
first dealing with early stages in which the relations of the notochord,
fore-gut, oral plate, and hypophysis can be studied; the second, with the
process of conversion of the simple evagination of the oral ectoderm into
the glandular portion of the adult hypophysis. I have referred only
briefly to some phases through which the infundibular process passes,
and have deliberately omitted any description of the development of the
portion of the diencephalic floor lying in proximity to the pituitary body.
During preservation the brain is very apt to become abnormally folded,
and the infundibular process is undoubtedly distorted in several of the
embryos which have come under my observation. On the other hand,
it is difficult to give a satisfactory description of this region of the brain
from study of transverse series without making reconstructions. As I
hope in the future to work out the development of the fore-brain in
Marsupials, which will involve making models of several stages, I
propose to deal with the diencephalic floor in a later paper, and it is
probable that some further facts may then be added to the present
description of the development of the infundibullar process itself.

I wish to thank Mr F. C. Pittock, of University College, for much
help, both in the making of a model and in various other ways.

DESCRIPTION OF STAGES.

SECTION I.-Early Development of the Chorda, Fore-gut,
Premandibular Somites, and Hypophysis.

Before passing on to stages immediately prior to the formation of the
hypophysis, it will be well to briefly review the relations of chorda and
fore-gut which are brought about on formation of the head-fold.

From the very complete series of early stages of Perameles in Professor
Hill's collection, it is possible to work out the early history of the fore-gut
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and chorda in considerable detail. It is not within the scope of the present
paper to deal with this subject except in so far as it sheds light on the
early relations of the oral plate, gut, and notochord. Perameles possesses
a very well-marked protochordal plate (cf. figs. 69 and 71 in Wilson and
Hill's " Observations on the Development of Ornithorhynchus " (63) ),
which, like the chorda itself in early stages, is continuous laterally with
the entoderm of the gut. When the head-fold forms, this protochordal
plate is involved therein and forms the wall of the anterior extremity of
the fore-gut. During this period the entoderm closes in below the noto-
chord, which accordingly becomes detached as a solid rod of cells. The
protochordal plate, on the other hand, retains its original relations to the
entoderm on either side of it, and continues to form the actual wall of the
anterior angle of the fore-gut. Its originally anterior portion, which on
formation of the head-fold becomes ventral, constitutes the entodermal
layer of the oral plate.

STAGE I. Perameles nasuta (2 P.). - Fig. 1 represents a median
longitudinal section through an embryo of Peramneles nasuta (2 P.), the
drawing being made by reconstruction from several sections near the
middle line. The brain, which is as yet open except in the region posterior
to the auditory neuromere, is flexed at two points, representing the dien-
mesen (D.-M.) and the mesen-metencephalic (M.-Mt.) limits. Posterior to
the projecting anterior border of the medullary plate is a rounded depres-
sion, the primitive infundibular recess (I.).

The gut has attained a considerable size in the dorsi-ventral direction.
Its anterior wall is in intimate contact with the brain, while the anterior
portion -of its ventral wall forms, with the ectoderm, the oral plate (O.P.).
These two portions of the gut wall, which are derived from the protochordal
plate, consist of cells which are rich in protoplasm and contain a number of
darkly staining granules (Pt.P.). This appearance is characteristic of the
protochordal plate of earlier stages. The dorsal wall of the fore-gut
consists of cubical or columnar cells with little protoplasm. Posterior to
the region shown in the figure, the gut wall consists of much-flattened
entoderm cells.

The notochord in the trunk region is small and typical, but becomes
slightly thickened in the region of the myelencephalon (Ch.), whilst
immediately posterior to the second point of flexure of the brain it passes
into a dense mass of cells (P.P.) extending forwards and tapering in front
of the anterior flexure to a fine point. This tapering extremity is so
intimately connected with the wall of the fore-gut that the two structures
are here indistinguishable, and their point of fusion represents in this stage
the posterior limit of the protochordal plate.
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In transverse section (fig. 2) it is seen that this mass of cells (P.P.) is
narrow from side to side, while from its anterior extremity there arise a
small pair of solid outgrowths (Pm.S.). (N.B.-Only one of these is shown
completely in the figure, as the sectional plane is slightly oblique.)

In a prior stage of Perameles, represented by a flat embryo, the slender
notochord is directly continuous at its anterior end with the protochordal

FIG. 1.-Stage I. Perarneles acsuta (2 P.). Median longitudinal
section (reconstructed).

Ch., chorda; D.-M., dien-mesencephalic limit; I., primitive infundibularrecess;
M.-Mt., mesen-metencephalic limit; M. P., medullary plate; O.P., oral
plate; P.P., prechordal plate; Pt.P., protochordal plate; V.F., ventral
angle of fore-gut.

plate, and no such mass of cells is present. From its position and relations
it is clear that it represents that mass of tissue connecting the gut and
notochord which has been described by Oppel (40), Platt (43), and others,
in lower Vertebrates; and this lends support to the view that the small
outgrowths represent the first trace of the premandibular somites. As we
shall see, these structures are clearly present in embryos of Bettongia
gaimardi and Macropus ruficollis of a slightly later stage. Moreover,
though it is impossible to trace their history continuously, we find un-
doubted premandibular head-cavities in the next stage of Perameles, the
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subsequent history of which has already been described by Elizabeth A.
Fraser (12) in Professor Hill's material.

We may therefore conclude that the mass of cells at the anterior end of
the chorda represents the " praechordal Platte " of Oppel, and that its lateral
outgrowths are the rudiments of premandibular head cavities. I shall
accordingly refer to the cell mass in question as the prechordal plate.

There is no differentiation of hypophysial epithelium at this stage.

FIG. 2.-Stage I. Perameles nasuta (2 P.). Transverse section through prechordal
plate and rudimentary premandibular somites. S1. 1-3-4.

F.G., fore-gut ; M.A.A., 1st (mandibular) aortic arch; M.P., medullary plate;
P.P., prechordal plate; Pm.S., premandibular somite.

STAGE II. Bettongia gaimardi.-This embryo is at a slightly later
stage than that of Perameles nasuta (2 P.), Stage I., described above, but
in the relations of the brain, gut and notochord there is very close agree-
ment between the two embryos.

The brain is flexed at two points, the hind-brain is closed, while the mid-
and fore-brains are still widely open.

The anterior wall of the fore-gut lies against the floor of the fore-brain
and forms a well-marked angle with the roof. It is somewhat thickened,
and is presumably derived from a protochordal plate as in Peranieles.

At the anterior end of the notochord is a thickened mass of cells which
is bent over so that its anterior extremity lies between the floor of the fore-
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brain and the anterior wall of the fore-gut, while the apex of the bend lies
above the antero-dorsal angle of the gut. This mass of cells represents the
prechordal plate of Perameles, but is less well-marked, and, although its
anterior extremity is in close contact with the wall of the fore-gut, there
does not appear to be actual continuity between the two structures at
this stage.

On each side of the embryo, lying posterior to the well-developed optic

FIG. 3.-Stage II. Bettongia gaimardi. Longitudinal section passing through the
optic groove and premandibular somites. S1. 2-2-2.

H., hypophysial angle; M., mesenchyme ; M.P., medullary plate;0* G., optic groove;
O.P., oral plate; Pm.i., premandibular somite; Vv., blood-vessels.

groove (fig. 3, O.G.), there is a mesodermal mass which can readily be dis-
tinguished by its relative density from the loose mesenchyme of the head
(fig. 3, Pm.S.). Furthermore, each of these mesodermal masses contains
several small but perfectly distinct cavities, two of which are shown in
fig. 3, round which the cells are arranged in a radiating manner, forming
an irregular epithelial wall. These cavities are not symmetrical on the
two sides of the embryo. Owing to the fact that the head of the embryo
is cut longitudinally, it is very difficult to determine the exact lateral and
median limits of these structures, but after careful study of the series, I
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have been able to make out that a fine strand of cells connects each mass
with the anterior end of the prechordal plate. From the position and rela-
tions of these structures it is evident that they represent premandibular
somites. The fact that more than one cavity is present in each mesodermal
mass does not appear to indicate the presence of more than one pair of
somites, for the cavities are irregularly arranged and are not symmetrical
on the two sides of the embryo.

The hypophysial angle (H.) is recognizable, but there is no differentia-
tion of the ectoderm in this region.

STAGE III. Macropus ruficollis.-This embryo shows a distinct advance
on the Bettongia embryo described above. The brain is sharply flexed at
the mesen-metencephalic junction, the hind-brain is closed, the mid-brain
widely open, whilst in the fore-brain the medullary folds are closely
opposed but not yet fused.

The fore-gut, in correlation with the flexure of the brain, has a well-
marked antero-dorsal angle. Its anterior wall is not thickened as is the
case in Perameles and Bettongia. The notochord is discontinuous in the
region of the hind-brain. At its anterior end, which still persists, there is
a slight enlargement, bent at an acute angle and lying between the antero-
dorsal angle of the fore-gut and the floor of the mesencephalon at the point
of flexure. This structure, the reduced remnant of a prechordal plate, is
not in actual continuity with the wall of the fore-gut.

On each side of the fore-brain, postero-lateral to the optic vesicles, there
is a group of mesoderm cells,' similar to those described in the same situa-
tion in Bettongia gaimardi (fig. 4, Pm.S.).

Each cell group is distinguishable from the surrounding mesenchyme
by its relative density, and contains several small cavities around which the
cells are arranged in the form of a fairly definite epithelium (Ep.H.C.).
The two masses are connected across in the middle line by a transverse
"bridge" (B.) consisting of a fine, solid strand of cells which runs across
immediately anterior to the tip of the notochord.

The sectional plane of this series is transverse to the notochord, and the
existence of the bridge is accordingly perfectly clear. On the other hand,
it is very difficult to determine whether or no the tip of the prechordal
plate is in contact with the bridge connecting the somitic masses. As,
however, the section showing the connecting piece is next to that in which
the tip of the notochord is seen, it is clear that they are at least in very
close proximity to each other.

The mesodermal masses of this embryo bear to the notochord and gut
1 My attention was first drawn to the presence of these structures in this embryo by

Professor Hill,
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the relations which characterize premandibular head cavities, which we may
accordingly assume them to be.

The ectoderm of the head is unmodified at the base of the oral plate, i.e.
there is as yet no differentiation of the hypophysial epithelium.

TrichosurU8s vrlpecula.-This stage is represented in the Trichosurus
series by two embryos, one cut longitudinally, the other transversely.
These embryos show a very close resemblance to that of Perameles8nasuta
(2 P.), Stage I., in the relations of gut, brain, and notochord, but in several
respects they belong more properly to the same stage as the Macropus
embryo described above. As they show nothing new, it is not necessary to
give a separate description of them, but it may be noted that structures

a b

FIG. 4.-Stage III. Mlacropubs ruficollis. (a) Transverse section through premandibular
somites; (b) outline diagram of whole section of which (a) is a part. Si. 1-4-5.

B., bridge connecting premandibular somiites; Oh., chordal; Ep.H.C., epithelium of head cavity;
F.G[., wall of fore-gult; HI.B., hind-brain; M., mesenuchyrne; M.F., medullary fold; Pni.S., pre-
mandibular somite; o.v., optic vesicle.

similar to the undoubted head cavities of Macrupu~s rutflcollis are present in
one of the embryos of Trichosurus at this stage of development.

STAGE IV. Perameles rnasmtta (13, VII. 05).-This embryo shows a
distinct advance on the preceding, the brain being completely closed and
Rathke's pouch already differentiated. It is cut in horizontal sections, and,
as the relations of the parts are particularly interesting, a wax plate-
reconstruction was made of the fore-brain, hypophysis, chordal, etc. (see
fig. 5). Detailed observations are, moreover, made possible by the remark-
ably perfect preservation of the embryo.

The floor of the diencephalon shows a rounded depression, the primitive
infundibular recess (I.), anterior to which is a slight ridge, indicating the
future position of the optic chiasnia. The hypophysial primordium
Rathke's pouchl(R.P.) is now present as a thickened stretch of ectoderm,
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closely applied to the infundibular depression. The pouch is very shallow
anteriorly and deepens somewhat behind, where its lateral angles are fairly
well marked. Its posterior wall forms the anterior wall of the fore-gut, and
constitutes the ectoderm of the dorsal portion of the oral plate (O.P.), which
is still complete. In its dorsal portion, the oral plate is bent at a fairly
sharp angle, the apex of this angle forming in section a "plug" (P.) which

PP.P.e

FIG. 5.-Stage IV. Pe.ameles nctsutc (13, VII. 05). Longitudinal section through
model of fore-brain, hypophysis, Seessel's pocket, and notochord, slightly to the
right sidle of the middle linle.

A.F.G.. anterior angle of fore-gut;* Ch., chorda;* E., ectoderm of head; E.i., ectoderm of mandi-
bullar arch; I., infundibular recess; M.-Mt., Mesen-metencephalic limit; O.P., oral plate;
P., " plug" formed by projection of oral plate into Rathke's pouch; P.P., prechordal plate;-
R.P., Rathke's pouch; S.P., Seessel's pocket.

projects into Rathke's pouch, and will be seen in similar stages in other
species (cf. fig. 31, O.P.), whilst the rest of the oral plate is thin.

The dorsal wall of the fore-gut is thickened immediately behind Rathke's
pouch, and from it there arises a small median outgrowth (S.P.), slightly
dilated at its extremity and running backwards parallel with the di-
encephalic floor to meet the somewhat irregular prechordal plate (P.P.).
This latter preserves its original form, being narrow from side to side and
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of relatively considerable dorso-ventral extent. The prechordal plate is
continuous at its caudal extremity with the notochord (Ch.), which is here
small and typical, and, following the flexure of the brain, is bent at ap-
proximately a right angle at the mesen-metencephalic junction (M.-Mt.).

i:~~~~~~~~~~~~~~~~~i
FiG. 6.-Stage IV. Perameles nasuta (13, VII. 05).

Section through prechordal plate and Seessel's
pocket. S]. 3-3-11.

P.P., prechordal plate; S.P., Beessel's pocket.

The small outgrowth (S.P.), arising as it does immediately behind the
oral plate, represents the remnant of the pre-oral gut usually known as
Seessel's pocket. It will be noticed that its distal extremity is continuous
with the prechordal plate, and we may therefore conclude that it has
arisen from that part of the fore-gut of the early stage of Perameles which
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is situated at the junction of the prechordal plate with the entoderm of the
gut wall.

The minute structure of the organs in this region is also worthy of note.
The thickened wall of the fore-gut immediately behind Rathke's pouch
shows all the features characteristic of the protochordal plate of earlier
stages, the granulation of the cells being recognizable here, and to a less
extent in the portion of oral plate adjacent to it. We may therefore
conclude that here, as in the previous stage, the antero-ventral wall of the
fore-gut is formed by the protochordal plate. Seessel's pocket, arising from
the dorsal side of this portion of the gut (fig. 6, S.P.), has no actual lumen

Fiw. 7.-Stage IV. Perameles nasuta (13, VII. 05). Transverse section
through primitive infundibular recess and Rathke's pouch.

I., primitive infundibular recess; R.P., Rathke's pouch; V., blood-vessel.

but is obviously tubular in structure, its walls consisting of a very regular
epithelium. It is impossible to define exactly the limit between the wall of
Seessel's pocket and the prechordal plate (P.P.), which consists of a rather
irregular mass of cells, containing darkly staining granules. From its
margin, cells here and there project, giving it an irregular outline, in which
respect it contrasts with the notochord proper, whose outline is perfectly
definite. Some of these cells appear to represent traces of the former
connection between the prechordal plate and the premandibular somites,
which have now acquired a considerable size and possess a distinct cavity.
In this stage they have already been described and figured by. Fraser (12).

The walls of Rathke's pouch (fig. 7, R.P.) consist of a regular columnar
epithelium which is thin in the middle line and thickens somewhat at the
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lateral angles, where the cells are closely packed and show evidence of
rapid growth. Thus there is a tendency for the cells in these two regions
to project on the outer side of the wall, giving almost an appearance of
proliferation (fig. 7), a condition which is doubtless due to the rapid multi-
plication of the cells.

Dasyurus viverrinus.-As Dasyurus differs in some important respects
from the types described above, and as, moreover, a complete series of
stages showing the early development of Rathke's pouch is available, it will
be best to describe the stages of Dasyurus consecutively as a series, distinct
from Perameles, Bettongia, and Macropus.

FiG. 8.-Stage I. Dasyurus viverrinus (I., A. 02). Median longitudinal
section through the anterior end of the brain, chorda, and fore-gut
(reconstructed). SI. IV. 1-14 to 2-1.

Ch., chord ; E., ectoderm; I., primitive infundibalar recess; O.P., oral plate;
O.R., optic recess; P.P., prechordal plate; V.F., ventral angle of fore-gut.

STAGE I. (I., A. 02). -This stage corresponds approximately with
Stage I. of Perameles.

The relations of brain, gut, chorda, and oral plate are best seen in
median longitudinal section (fig. 8). The brain is flexed at one point,
while the hind-brain only is closed. The anterior end of the medullary
plate curves upwards, and two depressions in the floor of the fore-brain
can be identified. Of these, the anterior is the optic (O.R.), the posterior
the infundibular recess (I.). The chorda (Ch.) extends to shortly behind
the point of flexure of the brain. Throughout the greater part of its
length it consists of a thin strand of cells, but at its anterior end, which
lies in the angle formed by the cranial flexure, there is a marked thicken-
ing, the prechordal plate (P.P.) bent at an acute angle and reaching its
greatest thickness opposite the flexure of the brain floor. The tapering
extremity of the prechordal plate, as in Perameles, is directly continuous
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with the gut-wall. The antero-dorsal angle of the gut is thin-walled
while its antero-ventral angle has relatively thick walls, consisting of
somewhat irregular, elongated cells. Here again the whole of the anterior
wall of the fore-gut as well as the anterior part of the entoderm of the
oral plate is to be regarded as derived, as in Perameles, from a protochordal
plate. The latter, however, is not nearly so clearly differentiated in
Dasyurus as it is in Perameles.

No traces of premandibular somites are recognisable.
The ectoderm of the hypophysial angle (E.) consists of columnar epi-

thelium, and as yet shows no sign of differentiation.

w ~~~~~~~~~~~~Pr.PX

FIG. 9.-Stage LI. Dasyurus viverrinuts (1, 01). Median longitudinal section
through anterior end of brain and fore-gut. S1. 3-3-2.

H.B., hind-brain; H.E., hypophysial epitheliumn; I., primitive infundibular recess;
M.A., mandibular arch; O.G., optic groove; O.P., oral plate; Pr.P., protochordal
plate; V.F., ventral angle of fore-gut.

STAGE II. Dasyurus viverrinus (1, 01).-In general features this
stage resembles the preceding so closely that no detailed description will
be necessary.

The brain in median longitudinal section (fig. 9) presents much the
same features as in Stage I., but the infundibular depression (I.) and the
optic recess (O.G.) are both more clearly defined. The prechordal plate
is no longer recognizable as a distinct structure. The wall of the antero-
ventral angle of the fore-gut (protochordal plate, fig. 9, Pr.P.) is now
distinctly thickened and has a very characteristic appearance. The cells
are regularly arranged, contain a number of darkly staining granules, and
are vacuolated.

The first trace of the primordium of the hypophysis is now recognizable.
Immediately anterior to the oral plate, the ectoderm consists of distinctly
elongated epithelial cells (H.E.) The thickening extends forwards as far
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as the optic recess, and is most marked at the point of contact of the
ectoderm with the entoderm of the pre-oral gut. Posterior to this point
the modified ectoderm of the hypophysis thins out slightly and is directly
continuous with the oral plate (O.P.), in which the ectoderm and entoderm
are now indistinguishable.

In transverse section we can see the primordium of the hypophysis as
a thickened and slightly invaginated stretch of ectoderm, in intimate
contact with the floor of the brain.

STAGE III. Dasyu?.vrus viverrinus (II., a, 01): Embryos a, b, and c.-

O.G.~~~~~~~~~~~~~OG

M.~~~~~~~~~~~~~~~~~~~RP

FI(:. 10.-Stage 11I. D:asyurus ivierrinu~s Flu. 11.-Stage III. Dasyurus vicerrinitls (1I., a,
(II., a, 01). Embryo a. Median longi- 01). Embryo c. Medianlongitudinal section
tudinal section through the hypophysis through the hypophysis and Seessel's pocket.
and Seessel's pocket. Si. 2-3-7. 51. 2-1-11.

F.G., fore-gut;* H.E., hypophysial epithelium; I., primitive infundib~ulalr recess; M., mesenlchyme;-
O.G., optic groove;- O.P., oral plate; Pm. 5.(?), possible trace of premandibular somite; H.P.,
ltathke's pouch; S.F. ,Seessel's pocket.

The embryos of this stage are only slightly more advanced than those of
the preceding. The optic groove (fig. 10, O.G.) and the infundibular recess
(I.) are slightly more clearly marked. The hypophysis has distinctly
deepened and the oral plate has ruptured. The relations to the pre-oral
gut in individual embryos of the stage vary slightly (cf. figs. 10 and 11).

In two embryos (a and b, fig. 10), which are cut longitudinally, the
hypophysis is separated from the anterior angle of the gut simply by
the thickness of the oral plate, which is ruptured centrally (O.P.). The
wall of the hypophysis cniscistsof columnar epithelial cells, very regularly
arranged. The pouch (R.P.) shows an obtuse anterior angle and an
acute posterior angle, and the latter has progressed back so as to lie
beneath the deepest part of the infundibular recess. The regular columnar
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epithelium extends over the apex of the posterior angle of the pouch and
passes into continuity with the thickened wall of the anterior angle of
the fore-gut, as well as with the persisting upper part of the oral plate.
Seessel's pocket is represented simply by the thick-walled anterior angle
of the fore-gut, and is separated from Rathke's pouch merely by the per-
sisting upper part of the oral plate.

In a third embryo (c, fig. 11), cut longitudinally, Rathke's pouch is
somewhat larger. Moreover, instead of the posterior wall of the hypo-
physis being in direct contact with the anterior wall of the fore-gut, a
certain amount of mesenchyme is present immediately behind Rathke's
pouch. Seessel's pocket accordingly forms a small conical diverticulum
whose wall is separated from that of Rathke's pouch by mesoderm. The
remnant of oral plate (O.P.) is attached to the ventral border of the fold
between Seessel's pocket and the hypophysis.

This condition resembles the typical arrangement in many Eutheria
and birds, in both of which groups the pre-oral gut forms a short diver-
ticulum separated from the hypophysis by a solid fold containing a
mesodermal core.

In all the embryos of this stage there is on either side of the middle
line, immediately posterior to the hypophysis, a group of cells lying
dorsal to the gut-wall. In the first of the types described above, these
cells lie posterior to the apex of the anterior angle of the fore-gut (fig. 10,
Pm.S.?); in the second, they lie between the hypophysis and Seessel's
pocket (fig. 11, Pm.S. ?). This cell mass can be distinguished from the
surrounding mesoderm by its density and by the presence of a number
of darkly- staining granules. It seenis possible that it represents a pair
of somites, presumably prenandibular, but apart from it no trace of head
cavities has been found in Dasyurus.

STAGE IV. Dasyuru~s viverrimus (O).-In this stage the floor of the
infundibulum is marked by a distinct angle, but no definite infundibular
process has appeared.

The hypophysis now forms a distinct pouch, with a small remnant
of the oral plate attached to its posterior wall in some embryos. In
one embryo only of this stage is there still a considerable remnant of
Seessel's pocket; in the others, a very slight diverticulum (fig. 12, S.P.)
marks the position of the pre-oral gut; but in every case the posterior
wall of the hypophysis, though continuous with, is perfectly distinct
from, the anterior wall of Seessel's pocket.

It is evident from the foregoing that in Dasyurus, Seessel's pocket is
a variable and transient structure, for it is hardly recognisable in some
embryos, and in no case does it play any part in later development.
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It has not been possible to recognise in this stage the group of cells
described in the preceding stage and interpreted as possibly somitic.

FiG. 12.-Stage IV. Dasyttris viverrinus ($). Median longitudinal
section through hypophysis. SI. 2-6-11.

I., primitive infundibular recess; 0.G., optic groove; R.P., Rathke's
pouch; S.P., Seessel's pocket.

SECTION II.-The Later Development of the Hypophysis cerebral
and the Pre-oral Gut.

This section deals with the development of the hypophysis subsequent
to the establishment of Rathke's pouch, i.e. with the origin and develop-
ment of the infundibular process and the conversion of the simple buccal
invagination into the so-called anterior lobe and pars intermedia of the
adult.

With regard to the nomenclature of the parts of the adult hypophysis,
it has already been pointed out by Tilney (58) and others that the terms
" anterior " and " posterior lobes" and " pars intermnedia " are open to serious
criticism. They are applicable to the human subject, but not to all
Vertebrates, inasmuch as the infundibular process is frequently dorsal to
the rest of the pituitary and in some species is actually anterior thereto.
Moreover, these terms are based exclusively on topography, and indicate
neither the function nor the origin of the parts, for the " pars intermedia "

is only intermediate in position and not in any other sense. Furthermore,
there is good reason to suppose that the tissue of the non-nervous portion
of the hypophysis which is in contact with the nervous portion consists
of two parts. As these two regions have been clearly recognized, as far
as I am aware, only by Tilney (59), the simplest method is to adopt the
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b.
FIG. 13.-(a) Diagrammatic ground Plan of hypophysis to show the relations of the

various parts. The hypophysis is represented as removed from the brain and
viewed from the dorsal surface in optical section. (b) Diagrammatic median
longitudinal section through adult hypophysis. (Sectional plane indicated by
line A B in fig. a.) (N.B.-The relations and approximate proportions of the
parts in these figures were obtained by measurement with an ocular micrometer
of the hypophysis in Trichosurus vulpecula, Stage XI. (see p. 212), H.L. 20 mm.,
G. L. 4 cm.)

D.M., dura mater; L., lumen; P.M., pia mater; P.S., pituitary stalk;
( ~~~~~~~fP.T., pars tuberalis;

P.B., pars buccalis; PJ..-N., pars juxta-neuralis; {P.,., pars infundibularis;
lP.D., pars distalis=A.L., anterior lobe;P.N., pars neuralis.
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nomenclature used by him, some of the terms being originally suggested
by Gentes (15).

We can accordingly recognise in the hypophysis a pars neuralis
(fig. 13, P.N.) (=posterior lobe, infundibular process, "Hirnteil," neuro-
hypophysis) and a pars buccalis (P.B.) (= anterior lobe, epithelial or
glandular portion, "Hauptlappen," together with the pars intermedia).
The pars buccalis is subdivided into a pars juxta-neuralis (P.J.-N.), in
contact with the brain, and a pars distalis (P.D.) (=anterior lobe proper).
The pars juxta-neuralis consists of a pars tuberaltis (P.T.) (Tilney (59)),
lying in contact with the tuber cinereum, and a pars infundibularis
(P.1.) (=pars intermedia), i.e. the epithelial layer between the residual
lumen and the infundibular process. The difference in origin and appear-
ance of these two portions of the pars juxta-neuralis which Tilney (59)
describes in the fowl, cat, rabbit, rat, and sheep, is also recognizable in
Marsupials.

In early stages the use of topographical terms is necessary, and I
accordingly describe the parts of Rathke's pouch as dorsal, i.e. on the
side next the diencephalic floor; ventral, i.e. on the side next the
pharyngeal roof; cranial, towards the telencephalon; and caudal, towards
the mesencephalon.

Trichosurus vulpecuta.
STAGE I. Embryos y' 99, 1.01, and d' 97.-The hypophysis of these

embryos shows only a slight advance on that of Stage IV., Perameles
nasuta (13, VII. 05).

The oral plate is ruptured (fig. 14, O.P.), but its ventral point of
attachment is still visible, whilst dorsally a considerable remnant of it
persists. Behind the oral plate is a small conical diverticulum with
thickened walls. This is the only trace of pre-oral gut which occurs in
Trichosurus (fig. 14, S.P.).

On the cephalic side of the oral plate the ectoderm of the head is
thickened for a short distance, forming with the ectoderm of the upper
margin of the oral plate the primordium of Rathke's pouch (R.P.). Trans-
verse sections show that in its cephalic portion the pouch is widely open
on its ventral side, while its dorsal wall is closely applied to the di-
encephalic floor. The pouch is, however, closed in its posterior portion
and is bifid at its caudal extremity. The small pre-oral gut fits into the
bifurcation of the pouch so that in the middle line its entoderm is in
contact with the floor of the diencephalon, whilst on either side it is
separated therefrom by the lateral branches of Rathke's pouch. The
wall of the pouch consists of several layers of columnar cells.
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The floor of the diencephalon is depressed to form the primitive in-
fundibular recess, whose dorsal limit is indicated by a slight horizontal
ridge on the inside of the diencephalon. No infundibular process is yet
indicated.

FIG. 14.-Stage I. Trichosutrus vunpecula (1, a, 01). Median longitudinal
section through the hypophysis and Seessel's pocket. SI. 2-4-4.

Dien., diencephalic floor; O.P., oral plate; R.P., Rathke's pouch; S.P., Seessel's pocket.

STAGE II. G.L. 7 mm. (Embryo a' 97).-In this stage the limits of
Rathke's pouch are clearly indicated by lateral grooves. The pouch is
still widely open anteriorly, but its opening has narrowed considerably.
Its roof is thick, its posterior closed portion is quadrilateral in transverse
section, and its caudal extremity is slightly bifid.

The infundibular depression is relatively wide anteriorly, but becomes
narrower posteriorly, indicating the form and position of the infundibular
process.

A small rounded diverticuluin situated caudal to the opening of Rathke's
pouch represents the degenerating remnant of Seessel's pocket.

STAGE III. G.L. 7-5 man. (Embryo XIX. 04).-The opening of Rathke's
pouch has narrowed so as to form a short, wide duct, while the pouch itself
is subdivided, in the portion behind the duct, by a pair of horizontal con-
strictions. The two lobes thus formed may be distinguished as proximal
(i.e. nearest to the opening of the pouch, fig. 15, P.L.) and distal (i.e. nearest
to the diencephalic floor, D.L.). The constriction disappears at the point
where the hypophysial duct opens, so that the anterior, open section of the
pouch is undivided. We shall see that the proximal lobe is destined to
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form the pars tuberalis of the adult hypophysis, the remainder of the pouch
forming the pars distalis and the pars infundibularis.

Both proximal and distal lobes in this stage are slightly bifid at their
caudal extremity, the distal more markedly so than the proximal.

FIG. 15.-Stage III. T'iichoswrus vaUlpectula (XIX. 04). Transverse
section through Rathke's pouch. SI. 2-4-7.

D.L, distal lobe; Dien., diencephalic floor; P.L., proximal lobe.

STAGE IV. G.L. 7-25 mnm. (XII. 02 and XII. A. 02).-The duct is here
still further reduced, and anterior to it the pouch is relatively small and
simple. The distal lobe is now considerably larger than the proximal, and
extends further in the caudal direction (figs. 16 and 17). It is relatively
extensive in the dorsi'ventral direction imnmediately-caudal to the duct, and
its walls are thick, consisting of a many-layered epithelium. Posterior to
this it widens from side to side and becomes shallower, its dorsal wall
becomes thin, while its lateral walls are thick and rather irregular. It is
bifid posteriorly, the waIls of the two halves being thin and forming a
regular epithelium.

The proximal lobe (P.L.) is compressed dorso-ventrally, is wide from side
to side, and is undivided posteriorly. The ventral wall is thin (fig. 16), its
dorsal wall thicker.

A short conical infundibular process is present, fitting in between the
two halves of the bifid caudal extremity of the distal lobe. Its walls, like
those of the brain generally, consist simply of undifferentiated cells, uni-
formly distributed through its thickness. (N.B.-The infundibular process
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is not shown in the longitudinal section figured, owing to the obliquity of
the sectional plane.)

A small remnant of oral plate (fig. 17, O.P.) is present, arising from the
postero-ventral wall of the proximal lobe. The narrowing of Rathke's
pouch has occurred in such a way as to carry this remnant of oral plate
within the opening of the pouch so that a remnant of Seessel's pocket (S.P.)

FIG. 16.-Stage IV. Trichosurus vulpecula
(XI1. 02). Transverse section through
hypophysis. SI. 5-2-8.

D.L., distal lobe; Dien., diencephalic floor; L.,
lunmen; M., mesenchyme; P.L., proximal lobe;
S.P., Seessel's pocket.

FIG. 17.-Stage IV. Trichosurus vulpecula
(XII. A. 02). Longitudinal section
through hypophysis. SI. 8-3-2.

D., duct of Rathke's pouch; D.L., distal lobe; I.,
infundibular recess; M., mesenchyme; O.P.,
oral plate; T.E., transitory entodermal thicken-
hlg; P.L., proximal l Abe; S. P., Seessel's pocket.

is carried inwards and forms a small diverticulum on the posterior wall of
the short duct. Thus it happens that portions of oral plate and of the
entodermal wall of Seessel's pocket come to be included in the hypophysis
at this stage.

STAGE V. G.L. 8-5 mem. (Embryos IV. 01 and 5' 97).-The distal lobe
(fig. 18, D.L.) has enlarged considerably, while the proximal lobe (P.L.) is
much smaller relative to the whole buccal pouch. The duct is now reduced
to a fine strand of cells. Seessel's pocket and the remnant of the oral plate
have disappeared completely.

The proximal lobe, which lies entirely posterior to the remnant of the
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duct' is wide from side to side, but very shallow dorsi-ventrally, with a
small, cleft-like cavity. Its walls are thin and its lateral margins are
slightly enlarged (L.P.L.). The lumen communicates with that of the
main, distal lobe by a wide opening.

The distal lobe now constitutes the main bulk of the pouch, and its
walls are distinctly thickened, except the portions which lie in actual con-
tact with the infundibular process, these being thin (fig. 18, c and d). The

D.L D.L

L.

a.

- -~~~~~~1

,~D.L.
~~~I\'~~~~~~ ~L.D.L. D

Fr. 18.-Stage V. Trichosuzrus vlpecula (IV. 01). Series of transverse sections
through hypophysis, a being the most anterior, d the most posterior.

D.L., distal lobe; I.P., infundibular process; L., lumen; L.D.L., lateral expansion of distal
lobe; L.P.L., lateral expansion of proximal lobe; P.L., proximal lobe.

lobe is rounded anteriorly, then becomes enlarged in the dorso-ventral
direction (fig. 18, a). Posterior to the remnant of the duct, it has two
large dorso-lateral hollow appendages (fig. 18 c, L.D.L.), whose cavities
open into the main lumen. The distal lobe is still bifid caudally, and the
infundibular process, which is a short, conical structure, fits in between the
two halves. Its walls show no change since the preceding stage.

Up to this stage the most intimate relations between the diencephalic
floor and the buccal pouch have been maintained, but in the longitudinal
series of this stage there is a certain amount of inesenchymnal tissue
between the hypophysis and the brain floor in the region anterior to the
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infundibular process. This latter is, however, in direct contact with the
epithelial wall of the buccal pouch.

STAGE VI. G.L. 11 mm. (Embryos XXII. 01 and XXI. 04); G.L.
11P5 mm. (Embryo VII. 01).-The walls of the main distal lobe (D.L.)

FIG. 19 -Stage VI. Trichosurus vitipecula (XXII. 01). Mediani longitudinal
section through hypophysis. S1. 11-2-1.

C., cartilage of skull; D., duct of Rathke's pouch; D.L., distal lobe; I.P., infundibular
process; M., mesenchyme; O.C., optic chiasma; P.L., proximal lobe.

have now thickened considerably, so that in the region anterior to the duct
only a small remnant of the lumen is present (figs. 19 and 20, L.).

The lumen enlarges in dorso-ventral extent in the middle portion of the
hypophysis, and narrows again posteriorly. The dorso-lateral, wing-like
expansions of tile previous stage are still present, but their cavity is
reduced to a small cleft, in open communication with the main lumen.
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The walls consist of closely packed cells, showing no trace of differentiation
or grouping.

The proximal lobe (fig. 20, P.L.) is crescentic in transverse section, with
thin walls consisting of a regular epithelium. Its median portion contains
a small, cleft-like cavity (L.), while its lateral wings (L.P.L.) are markedly
enlarged and are produced backwards along the sides of the distal lobe.

In the posterior portion of, the pouch, the dorsal wall is somewhat thin,
and the bluntly conical infundibular process (fig. 19, I.P.), whose walls are
still undifferentiated, fits into a depression in this wall. A thin layer of
connective tissue has penetrated between the neural and buccal portions of
the hypophysis in this stage.

ki

Dien.

D.L.

FIG. 20.-Stage VI. Trichosurus vulpecula (VII 01). Transverse
section through hypophysis. SI. 4-1-9.

D.L., distal lobe; Dien., diencephalic floor - L., lumen LL.P.L., lateral
expansion of proximal lobe; M., mesenchyme; P.L, proximal lobe.

No trace of Seessel's pocket is present.
STAGE VII. G.L. 13 mm. (Embryos IX. 01 and VIII. 01).-In general

shape the hypophysis closely resembles that of the preceding stage, but it
has increased considerably in size.

The walls of the anterior half of the distal lobe have increased in
thickness, so that the lumen is reduced to a small, circular cavity (fig. 21,
L.), while the extreme anterior end is solid. In the mid-portion of the
hypophysis the lumen of the distal lobe increases in vertical extent, and still
opens into the cavity of the proximal lobe. Posterior to this it expands
into a triangular cavity (fig. 22, L.) with a thin roof (P.1.) and very thick
sides; whilst in the hindermost portion the lateral walls also become
thinner, the cavity spacious (fig. 23, L.), and the roof indented by the
infundibular process (fig. 23, I.P.).
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FrG. 21.-Stage VII. Trichosurus 2ndlpeula (IX. 01). Transverse section
through proximal and distal lobes of hypophysis. SL. 4-5-10.

C.T., connective tissue; D.L, distal lobe; Dien., diencephalic floor; L., lumen;
L.P.L., lateral expansion of proximal lobe; M., mesenchyme.

L- RiL
Z

L.D.L:- CIT.

FIG. 22.-Stage VII. Trichosurus vulpecuila (IX. 01). Transverse section
through distal lobe in region of its lateral expansion. 81. 5-1-6.

C.T., connective tissue; Dien., diencephalic floor; L., lumen ; L.D.L., lateral expansion
of distal lobe; L.P.L., lateral expansion of proximal lobe; P.I., portion of wall of
pouch destined to form the pars infundibularis.

Dien.
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The proximal lobe is relatively and actually larger than in the pre-
ceding stage (fig. 21, P.L.). It is crescentic in transverse section, and has a

FIG. 23.-Stage VII. Trichogurus vulpecula (IX. 01). Transverse section
through hypophysis in region of the infundibular process. SI. 5-2-2.
C.T., connective tissue; D.L., distal lobe; I.P., infundibular process; L., lumen.

well-marked lumen. Its walls consist of a thin and regular epithelium, its
dorsal wall has fused to a large extent with the distal lobe, while its lateral

FIG. 24.-Stage VII. Trichosurus vilpecutla (XXIV.). Median longitludiinal section
(reconstructed) through hypophysis. S1. 7-1-9-4.

C.T., connective tissue; I.P., infundibular process; P.D., pars distalis; P.I., pars infundibularis.

margins (L.P.L.) have grown upwards towards the brain and are prolonged
for some way posterior to its median portion (fig. 22, L.P.L.).

In this stage we can see the commencement of processes which convert
the uniform walls of Rathke's pouch into the glandular " anterior lobe " of
the typical adult hypophysis. In the more solid anterior portion of the
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main lobe, thin strands of connective tissue (C.T.) are penetrating into the
substance of the walls, sometimes carrying small blood-vessels with them.
These strands grow in more or less symmetrically on either side of the
middle line, so as to split the solid walls into lobules (figs. 21 and 22); and
the cells also show a tendency to group themselves into cords or lobules, but
with no indication of lumina. This lobulation only affects the anterior
portion of the main lobe, the posterior portion thereof and the whole of
the proximal lobe having thin uniform epithelial walls.

The infundibular process is fairly long, with a bluntly pointed apex
(figs. 23 and 24, I.P.), and is separated from the buccal portion of the
hypophysis by connective tissue (C.T.).

The duct is still present in one embryo of this stage, but is lost in the
others, its site being marked by the perforation of the cartilage of the
basis cranii.

In this stage the several portions of the adult hypophysis can now be
identified. The pars neuralis (fig. 24, I.P.) is pressed against the dorsal
wall of the pars buccalis, which itself consists of a juxta-neural portion
(P.1.), represented by the thin wall in contact with the pars neuralis and
the solid pars distalis (P.D.), already in process of conversion into a gland.
The primordium of the pars tuberalis is represented by the lateral enlarge-
ments (fig. 21, L.P.L.) of the proximal lobe, the median portion of which
subsequently becomes incorporated in the pars distalis. Thus the pars
tuberalis is the only part which has not attained approximately its adult
situation.

STAGE VIII. G.L. 15 mim., new-born (pouch fetus 5' 97). -This
stage shows a further advance in the process of breaking up of the solid
walls of the hypophysis into lobules. In its main features the hypophysis
closely resembles that of the preceding stage. The proximal lobe is much
less distinct, its median portion being only represented by horizontal clefts
(L., fig. 26) with a thin epithelial floor. Its lateral extensions (fig. 25, L.P.L.)
are, however, considerably enlarged, and extend both anteriorly and
posteriorly beyond their point of attachment, as hollow structures lying
dorso-laterally to the main lobe (fig. 25, L.P.L.).

Ingrowths of connective tissue have broken up the walls of the anterior
half of the distal lobe into rounded lobules (fig. 25), making the whole of
the pars distalis appear less compact and less uniform than in preceding
stages.

The infundibular process is rounded or slightly triangular in transverse
section. It narrows to a definite stalk, connecting it with the diencephalic
floor. There is a small amount of connective tissue between the infundi-
bular process and the pars buccalis.
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A remnant of the duct persists, and a thinning of the cartilage below the
hypophysis marks the site of its perforation by the duct.

LPL DI.

FIG. 25.-Stage VIII. Trichosurus vulpecuta (5' 97). Transverse section
through anterior portion of distal lobe. SI. 3-5-2.

C., cartilage; D.L., distal lobe; Dien., diencephalic floor; L., lumen; L.P.L., later
expansions of proximal lobe; M., mesenchyme.

- Dien.
-M.

- D.L.

IRL.
C.T.-

'-- L.

FIG. 26. -Stage VIII. Trichosugus vulpecula (5' 97). Transverse section
through proximal and distal lobes. SI. 3-5-7.

C.T., connective tissue; D.L., distal lobe; Dien., diencephalic floor; -L., lumen:
.M., mesenchyme; P.L., proximal lobe; V., blood-vessel.

STAGE IX. Potch fretus G.L. 17 mm., cand pouch fetus G.L. 17 5 mm.-
The pars buccalis is now converted into a relatively compact structure,
i.e. there is little indication externally of subdivision into lobes. The
proximal lobe is, however, still represented in the middle line by a small,
horizontal cleft, while the lateral wings are still further enlarged.

V.-
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There is a considerable main lumen, which is restricted to the posterior
half of the pars buccalis. The walls of the pars distalis consist of masses
of cells more or less completely split up into lobules, separated by connective
tissue carrying blood-vessels. The pars juxta-neuralis (infundibularis)
consists of a thin epithelial layer, lying close to the infundibular process,
but separated therefrom by connective tissue.

The infundibular process closely resembles that of the preceding stage,
and still contains a well-marked lumen.

Remnants of the duct are present, and the point of perforation of the
cartilage is still clear in one embryo.

STAGE X. Pouch faetus, H.L. 11 mmn., and pouch foetus H.L. 12,5 mmn.-
The hypophysis has now attained its adult condition in regard to the
general arrangement of the parts. Its subsequent development consists
chiefly in histological differentiation in the various regions.

The pars buccalis (fig. 27) is clearly differentiated into pars distalis and
pars juxta-neuralis, including infundibular (P.1.) and tuberal (P.T.) portions.
The latter has now assumed its definitive position lying between the pars
distalis and the diencephalie floor (T.C.), but is as yet restricted to the
region anterior and lateral to the hypophysial stalk (figs. 27 and 28, P.T.).

The bulk of the organ is constituted by a compact pars distalis derived
from the ventral, antero-, and postero-ventral walls of the pars buccalis of
earlier stages. This, is continuous on its dorsal side with the thin layer of
epitheliunn constituting the infundibular portion of the pars juxta-neuralis
(P.1.) and forming the roof of the residual lumen (L.) which forms a cup-
shaped cleft surrounding the infundibular process. (Compare figs. 27 and
28, L.) There is a relatively small portion of the pars tuberalis (P.T.) in
the median line, but on either side of the hypophysial stalk it has attained
considerable dimensions (fig. 28, P.T.).

The pars distalis consists of a compact mass of solid cords of cells, many
of which are outlined and separated from each other by strands of connec-
tive tissue which can be traced inwards from the sheath surroundings the
pars buccalis. The nuclei of the cells of the pars distalis are spherical and
deeply stained. The cytoplasm of the majority of the cells is stained
faintly blue, but there are also a number of cells whose cytoplasm is stained
a distinct reddish colour. These red cells appear to correspond with the
chromnophilic cells described in the hypophysis by histologists. They appear
in this stage for the first time in Trichosurus, and, as will be seen from fig.
27, are most numerous in the posterior portion of the pars distalis. They
appear in greater numbers and show their peculiar staining capacity in a
more marked degree in the later stages of Dasyurus and Phascolarctos.

The infundibular portion of the pars juxta-neuralis (P.I.) consists of a
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thin layer of epithelium closely investing the pars neuralis on its anterior,
ventral, and lateral surfaces, but leaving its postero-dorsal face exposed.
In transverse sections this layer forms about three-fourths of a circle, sur-
rounding the infundibular process, and also forms both walls of -the dorso-
lateral horns of the crescentic residual lumen (fig. 28). It is slightly
thickened in the region where it joins the lateral masses of the pars distalis.

RD. 4~~~~~~~~TC.

section though hypohysis. Si. 11-1-5.

CTr., connective tissue ChrOC., chiomophilic cells; Ep., ependyma; E£p. F., ependymal fibres;
L., lumlenl; L.P.N., lumen of pars neuralis;- Lnl.P.L., remnant of lumlenl of proximlal lobe;-
M.Z., marginal zone; P.D., pars distalis; P.1., pars infunldib~ularis; P.M., p~ia mate';
P.N., pars nburalis; P.T. , pars tuberalis; T.C., tuber cinlereum.

At its anterior extremity, the pars inlfundibulari~s is prolonged into a pocket-
like diverticulum, projecting towards~the pars tuberalis~and lying between
the tuber cinereum and the pars dista~lis (fig. 27, L.). The epithelium of
the pars juxta-neuralis consists of two or three layers of cells with very
darkly staining nuclei.

The -pars tuberalis is the direct derivative of the enlarged lateral portions
of the proximal lobe of earlier stages. The proximal lobe is no longer
complete, but portions of it remain. A small cleft on the ventral side of
the pars distalis (fig. 27, Lm.P.L.) represents the remnant of its median
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cavity, whilst the tubules of the pars tuberalis are connected on one side
at least with the pars distalis by a solid cord of cells which runs round the
side of the pars distalis and joins it ventro-laterally. This- is clearly the
remnant of the hollow, crescent-shaped portion of the proximal lobe. Its
dorso-Jateral wings have enlarged markedly, grown up towards the brain
and branched, so that they now form a series of thin-walled tubules which
have penetrated between the pars distalis and the tuber cinereum. Anterior
to the pocket-like diverticulum of the pars infundibularis, they actually
reach the middle line; in the region of the diverticulum, they lie on either_~~~~~~ P.

FIG. 28.-Stage X. Trichosutrus vulpecula6 (H.L. 11 mm.). Transverse section through
hypophysis. SM. 10-1-2.

C.T., connective tissue;*chr.c., chromophilic cells; D.M.. dura mater;* Ep., ependyma;* L., lumen;-
M.Z., marginal zone; N.Z., nuclear zone; P.D., pars distalis; P.1., pars infundibularis; P.M.,
pia mater; P.N., pars neuralis; P.T., pars tuberalis.

side of it; posterior to it, they lie lateral to the stalk of the pars neuralis
(see fig. 28, P.T., etc.). The walls of the tubules consist of two or three
layers of epithelial cells whose nuclei arae deeply stained, while their
cytoplasm in its staining capacity resembles the lightly ,stained cells of the
pars distalis.

The infundibular process is connected withl the floor of the diencephalon
by a relatively stout stalk. It is enlarged distally (fig. 27, P.N.), and
contains a small lumen in the 12 5 mm. (H.L.) embryo (fig. 27, L.P.N.),
but is solid in the 11 mlm. (H.L.) embryo. The ependymal layer of the
diencephalic floor is continuous with that of the infundibular stalk, and
extends a short way into the substance of the pars neuralis, the bulk of
which is made up of fibres and scattered cells closely resembling those of
the nuclear (mantle) zone of the diencephalic wall (fig. 28, N.Z.).



Dr Katharine M. Parker

The connective tissue separating the nervous and non-nervous portions
of the hypophysis exhibits a tendency to penetrate into the tissues of the
pars neuralis, but has not as yet done so to any marked extent, nor is there
any sign of blood-vessels entering the nervous lobe at this stage.

STAGE XI. Pouch foetus G.L. 4 crn., H.L. 20 imm.-The hypophysis
in this fetus closely resembles that of the preceding stage in form and
general relations of the parts. It has increased considerably in size,
both pars buccalis and pars neuralis being much larger than in the

infndiulais;P., pa mterP NpasnealsP.T., astbrla

XD'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DM
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FIG. 29.-Stage XI. Trichositrus vublpecul1a (H. LJ. 20 inni. ). Transverse
section tyrougli hypophysis. SI. 23-3-5~.

C.T1., connective tissue; Chr.C., chromophilic cells; D.M., dura mater ; L., lunien; P.I., pars
infundibularis ; P.M., pia nmater ; P.N., pars neuralis ; P.T., pars tuberalis.

preceding stage, whilst the process of histological differentiation has
made considerable progress.

The number of chromophilic cells (fig. 29, Chr.C.) in the pars distalis
has increased considerably, especially in the posterior portion of that part.
Moreover, these cells are now more clearly differentiated from the
chromnophobic cells, their cytoplasm staining a bright red, while that of
the chromophobic cells is stained faint blue.

The pars tuberalis (P.T.) has increased to such an extent that it has
spread into the narrow space between the pars buccalis and the di-
encephalic floor so as to completely encircle the hypophysial stalk (cf.
fig. 13). Thus it comes to have the form described by Tilney (59), viz.
that of a diaphragm lying between the pars distalis and the diencephalon,
with the stalk of the pars neuralis passing through its aperture.
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It is in the pars neuralis (fig. 29, P.N.) and the pars infundibularis (P.I.)
that we find the most marked advance on the preceding stage. The distal
portion of the pars neuralis has expanded considerably, while its attach-
inent to the diencephalic floor is relatively slender. The connective tissue
between these two portions has grown actively and penetrated into the
tissues of the pars neuralis, breaking it up more or less completely into
lobules (fig. 29, P.N.). Furthermore, it tends to carry in with it some
of the cells of the pars infundibularis, so that whilst the outer side of
that layer, i.e. that bordering the residual lumen, is still perfectly regular,
the inner margin is irregular, the cells here and there penetrating a short
way into the tissues of the pars neuralis. Over the greater part of its
extent, however, the pars infundibularis simply consists of a single layer
of epithelium.

The pars neuralis still contains a large number of cells, but its fibrous
constituents have become much more conspicuous.

Capillaries do not appear as yet to have penetrated into the pars
neuralis; indeed, the pars buccalis is not yet richly vascularised.

The relations of the meninges are as follows (figs. 13 and 29, D.M.,
P.M.):-The dura mater (D.M.) forms a connective tissue capsule for the
whole of the pituitary body. The main portion passes straight round
on the ventral surface of the whole structure, thus enclosing it within
the same membrane with the brain. At the anterior and posterior ends
of the pituitary a considerable thickness of the dura mater is reflected
over the dorsal surface of the pars buccalis, but this layer extends in
towards the hypophysial stalk through only a few sections. In the
remainder of the pars distalis a few fibres pass round on to the dorsal
surface of the lobe, and even penetrate inwards to the middle line, except
in the region of the hypophysial stalk. The pia mater (P.M.) constitutes
a very thin layer covering the brain and passing continuously over the
surface of the pars neuralis, lying between it and the pars juxta-neuralis
and penetrating into the substance of the nervous lobe in the manner
already described. The pia mater also completely invests the tubules
of the pars tuberalis and penetrates between them.

Phascolarctos cinereus.-In many respects the development of the
hypophysis of Phascolarctos closely resembles that of Trichosurus. It
shows, however, one or two points of interest, notably the persistence of
Seessel's pocket. I have accordingly described such stages in develop-
ment as serve to illustrate these points.

STAGE I. G.L. 4 mm.-The hypophysis is already developed as a wide
pouch, fairly deep posteriorly where it is closed, but shallow and widely
open in its anterior portion. It is very noticeably bilobed (cf. fig. 30),
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the lateral angles being thick-walled, while in the middle line the
epithelium is much thinner.

There is a small remnant of the oral plate, posterior to which lies
Seessel's pocket, in the form of a short, rounded diverticulum of the
fore-gut, whose tip lies between the floor of the hypophysis and the
wall of the gut.

No infundibular process is present, and from the fact that the di-
encephalon is still unclosed it is evident that the hypophysis appears at
an earlier stage in Phascolarctos than it does in Trichosurus.

R.P.
FIG. 30.-Stage II. Phascolardtos ciinereus. Transverse section

through Rathke's pouch. SI. 5-11-2. Note the markedly
thickened lateral angles of Rathke's pouch.
D.L., distal lobe; I., infundibular recess; P.L., proximal lobe;

R.P., Rathke's pouch.

STAGE II. G.L. 7-5 rnm.-In this stage we find a remarkable develop-
ment of the pre-oral gut.

The hypophysis forms a deep pouch, which is differentiated anteriorly
into proximal and distal lobes by a well-marked equatorial constriction.

The oral plate is ruptured ventrally, but a considerable portion of
it persists dorsally, being inserted at the apex of Rathke's pouch and
separating this from the pre-oral gut. The oral plate is slightly convex
on its posterior face, so that in the sections immediately behind that
which passes through its full expanse, the convex projection of the oral
plate is cut and appears in section as a sort of plug (cf. Perameles nasuta,
(13 VII. 05), fig. 5). The section represented in fig. 31 passes through
almost the complete expanse of oral plate dorsally, and shows the
ventral portion of the oral plate projecting into Seessel's pocket.

214



The Development of the Hypophysis Cerebri, etc., in Marsupialia 215

Seessel's pocket forms a vesicle of considerable dimensions (figs. 31
and 32, S.P.) opening by a small duct immediately posterior to the oral
plate. It is of the same depth as the hypophysis, and its distal wall is in
actual contact with the diencephalic floor (fig. 32, Dien.), whilst it also,
like Rathke's pouch, shows an indication of an equatorial constriction.

Its walls are thick, and are composed of a regular, columnar epithelium.

FIG. 31.-Stage II. Phascolarctos cinereus. Transverse section through
hypophysis, Seessel's pocket, and the oral plate. SI. 5-1-5.

Dien., diencephalic floor; M., mesenchyme ; O.P., oral plate; R.P., Rathke's pouch;
S.P., Seessel's pocket; V., blood-vessel.

Histologically it is, in fact, indistinguishable from the hypophysis. The
anterior extremity is pressed against the posterior wall of Rathke's pouch,
which is thereby indented slightly in the middle line.

A rounded depression in the diencephalic floor represents the primitive
infundibular recess, but no infundibular process is yet differentiated.

The notochord in this embryo reaches actually to the level of the
posterior wall of Seessel's pocket, but is not in actual contact therewith.

STAGE III. G.L. 9 wnem.-The hypophysis has increased considerably
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in size, but is still widely open anteriorly and consists of proximal and
distal lobes.

A definite infundibular process is present in the form of a short conical
outgrowth of the diencephalic floor (fig. 34, I.P.). This is in intimate
contact with both Rathke's pouch and the pre-oral gut videe infra).

Remnants of the oral plate are present in the form of a solid, knob-like
mass of tissue lying outside the pouch and a small portion lying free in
the lumen of Rathke's pouch.

FIG. 32.-Stage II. Phascolarctos cinereus. Transverse
section through Seessel's pocket. Si. 5-1-2.

Dien., diencephalic floor; Hyp., posterior wall of one of lateral
caudal lobes of the hypophysis; O.P., oral plate; S.P.,
Seessel's pocket.

Seessel's pouch has lost its opening into the gut and simply forms a
closed, hollow vesicle, in intimate contact with Rathke's pouch, but having
no communication with it. It is elongated in the antero-posterior
direction, and is divided as before into two lobes, whose cavities are now
completely separate from each other. Its walls consist, as before, of
regular columnar epithelial cells, and resemble those of the hypophysis
so closely that in the posterior region, where Rathke's pouch is bifid and
Seessel's pocket lies between the two halves, there appear to be three
precisely similar lobes of the hypophysis (fig. 34).
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Anterior to the point of bifurcation of Rathke's pouch, the pre-oral gut
is excluded from contact with the brain floor. It is constricted in this
region and has no lumen, but widens again anteriorly and has a small,
cleft-like cavity (fig. 33, S.P.). At one point (fig. 33) it is partially separ-
ated from Rathke's pouch by a small blood-vessel, but elsewhere the
walls of the two structures are in close contact.

Dien.

wR ~~~~~~~~~~RP

PAL .~~~~~~~P

FIG. 33.-Stage III. Phascolarctos cnereus. Transverse section
through Rathke's pouch and Seessel's pocket. S1. 4-4-3.
D.L., distal lobe; Dien., diencephalic floor; P.L., proximal lobe;

R.P., Rathke's pouch; S.P., Beessel's pocket.

STAGE IV. G.L. 11 mnv-. This stage shows the beginning of the
process. of formation of tubules. Unfortunately, the series is broken
in the region of the hypophysis, so that it is impossible to give a full
description.

The walls of the distal lobe in Phascolarctos, instead of undergoing
subdivision by ingrowths of connective tissue, as occurs in Trichosurus,
proliferate actively and give off numerous outgrowths which penetrate
into the connective tissue surrounding the hypophysis (fig. 35). The
proximal lobe is much curved (fig. 35, P.L.), go that its lateral margins,
which are enlarged and prolonged both anteriorly and posteriorly, lie
dorso-lateral to the main lobe (L.P.L.).

Seessel's pocket is still present, and forms a closed vesicle with a small,
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cleft-like lumen. It is much flattened, and is applied to the ventral surface
of the hypophysis (S.P.).

STAGE V. G.L. 12-25 mm.-In this stage the process of conversion of
the simple buccal pouch into the compact glandular lobe of the adult is
proceeding.

The posterior portion of the pars buccalis has fairly uniform thick
walls and a large lumen. Its dorsal wall is indented by the infundibular
process. The walls of the anterior portion of the main lobe are produced
into numerous outgrowths, some of which now possess a small lumen.

UP~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~P
FIG. 34.-Stage III. Phascolarctos cinereus (9 mm.). Transverse section through

posterior portion of Rathke's pouch and Seessel's pocket. SI. 4-2-7.
I.P., infundibular process; R.P.. Rathke's pouch; S.P., Seessel's pocket.

The spaces between these processes are filled with connective tissue in
which as yet there are few blood-vessels. The proximal lobe shows the
same relations as in the preceding stage. Its walls are produced into a
few short solid processes.

The infundibular process is short and conical, and a certain amount
of connective tissue has penetrated between it and the pars buccalis, but
has not yet reached the middle line.

Seessel's pocket forms a closed vesicle in the same position as in the
preceding stage. At its posterior end it increases in dorso-ventral extent,
forming a rounded vesicle with thick walls and a small lumen. Anteriorly
it becomes flattened and widens out so as to form a thin plate with a cleft-
like lumen, while its dorsal wall is confluent with the substance of the
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rest of the pars distalis. Its lumen, however, does not communicate with
that of the hypophysis.

The pre-oral gut therefore now forms an apparent part of the hypo-
physis, from which it can only be distinguished by a slight difference in
staining capacity and by the fact that its lumen, unlike any portion of
the main lumen of the pars buccalis, is completely isolated.

A small remnant of the hypophysial duct is present in this stage, lying

Dien.

_~~~~ I

S.P

FIG. 35.-Stage IV. Phascolaretos cinereus (11 mm.). Transverse section through
proximal and distal lobes of hypophysis. S1. 6-1-10.

C.T., connective tissue; D.L., distal lobe, Dien., diencephalic floor; L., lumen; L.P.L., lateral
enlargement of proximal lobe; P.L., proximal lobe; S.P., Seessel's pocket.

outside the cartilage of the skull, but there is no trace of it within
the skull, nor any indication of perforation of the cartilage.

STAGE VI. GL. 13-5 mm.: longitudinal and transverse series.-In
general form the hypophysis in this stage closely resembles that of the
preceding, but the process of tubule-formation has increased so far as
to convert the distal portion of the pars buccalis into a compact mass
of tubules separated from each other by connective tissue (fig. 36).

The minute structure of the pars buccalis differs considerably in this
stage from that of any stage of Trichosurus. Fig. 36, which represents
a longitudinal section about 6-8 sections (15,) from the middle line, shows
this structure. In place of the solid, irregular, and ill-defined lobules of
Trichosurus, the cells are arranged in a series of relatively definite tubules
(T.), some of which possess a lumen (L.i.), while the outline of these tubules,
instead of being indicated simply by a cleft, is marked by a definite though
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fine line, representing a basement membrane of the cells constituting the
walls of the tubules.

The infundibular process is narrow and pointed, and is separated from
the pars buccalis by connective tissue, which has penetrated to the middle
line in some places.

Seessel's pocket can be readily identified, and has undergone no change
since the preceding stage.

STAGE VII. G.L. 16-5 mm.: new-born.-This stage shows little
advance on the preceding. The pars distalis has become more compact,

Dien.

aD ~~~~~~~~~~~~~LLI'~~~~~~~~~~~~~~~~~M
FIG. 36.-Stage VI. Phascolarctus cinereus (13 5 mm.). Longitudinal

section through hypophysis. S1. 12-2-7.
D.L., distal lobe; Dien., diencephalic floor; L., lumen of pars distalis; L.i., lumina

of tubules; M., mesenchyne; T., tubule of pars distalis.

its tubules having increased in size and number and become pressed more
closely together.

The lateral portions of the proximal lobe have grown round the main
body of the pars buccalis, and now lie almost entirely dorsal thereto.

Seessel's pocket is clearly recognizable. As before, it is dorso-ventrally
compressed and wide anteriorly, while posteriorly it forms a vesicle tri-
angular in section and having a small lumen.

STAGE VIII. Pouch fOetUs G.L. 17 mm.-A noticeable feature of
this stage is the very rich supply of capillaries to the pars distalis. They
occupy the spaces between the tubules, and have also penetrated between
the infundibular process and the pars buccalis. A pair of small vessels,
symmetrically disposed, enter the pars distalis on its ventral surface. The
distal lobe in this, as in other similar stages of Phascolarctos and in Trichos-
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urus (cf. fig. 22), is produced into two large wing-like processes, and the
blood-vessels enter on the under side of these and penetrate deeply into
the tissue of the lobe. Another vessel enters in the middle of the posterior
wall of the pars buccalis.

The lateral prolongations of the proximal lobe are now branched
(fig. 37), and form a collection of tubules lying dorsal and dorso-lateral
to the rest of the pars buccalis. These constitute the primordium of the
pars tuberalis (P.T.).

It is not possible in this embryo to identify Seessel's pocket with
certainty.

\ Dien. L

FIG. 37.-Stage VIII. Phascolaretos crnereus (17 mm. G L ) Transverse section
through proximal and distal lobes of hypophysis, to show the branched lateral
expansions of the former (priniordium of pars tuberalis). SI. 3-2-8.
D.L.. distal lobe; Dien., diencephalic floor; P.L., proximzal lobe; PT., primordinin

of pars tuberalis; V., blood-vessel.

STAGE IX. PoV.ch fetus G.L. 18 mm.-The series is broken in the
region of the hypophysis, but it is worth noting that Seessel's pocket is
clearly recognizable and has exactly the same form and relations as in
Stage VII.

STAGE X. Poutch fcetu~s G.L. 18e5 mim., H.L. 9'5 mm.-This stage shows
in general little advance on the preceding. The pars buccalis is somewhat
more compact, its tubules being closely pressed together. In this stage
for the first time chromophilic cells can be identified in the pars distalis.
They are very brightly stained, and are most numerous in the posterior
region.

The lateral wings of the proximal lobe are slightly less branched than
in the preceding stage.

The infundibular process is small relatively to the size and advanced
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condition of the pars buccalis. It forms a simple, thin-walled diverticulum
with a somewhat constricted neck.

It is not possible to identify Seessel's pocket with absolute certainty
in this stage. A small, flattened structure, closely resembling Seessel's
pocket in other embryos, is present, but is in such close relation to the
proximal lobe that it is impossible to draw an absolute distinction between
the two structures.

STAGE XI. Pouwch foetus G.L. 24 mm., H.L. 11-5 mm.-The hypophysis
has increased markedly in size. The tissue of the pars distalis has un-

FIG. 88. -Stage X. Phascolarctos cinereus (H.L. 11.5 mm.). Transverse
section through pars distalis. Si. 10-1-3.

C.T., connective tissue; Chr.C.1 chromophilic cells; L., lumen; P.I., pars
infundibularis; S.P., Seessel's pocket.

fortunately shrunk away somewhat from the connective tissue, which now
forms an interlacing network penetrating throughout the substance of the
pars distalis. The appearance of compactness is accordingly destroyed.

The pars distalis consists of numerous rounded lobules, all of which
have now lost their lumina. The cells are very clearly differentiated into
chromophilic (Chr.C.) and chromophobic types, the former showing up as
clear bright-red patches in the tissue (represented black in figures).

The pars tuberalis forms a collection of branched tubules lying between
the body of the pars distalis and the diencephalic floor anterior to the
infundibular process. It is still connected by a cell cord with the ventral
side of the pars buccalis.
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The infundibular process has increased somewhat in size, but is still
relatively small, and is hollow. Its walls have increased in thickness to a
slight extent.

Seessel's pocket can be clearly identified in the posterior portion of the
hypophysis. Its caudal portion is free, and is separated from the sub-
stance of the pars buccalis by a definite connective tissue sheath. Its
caudal extremity retains its original form and relations, lying partly

S R . R~~~~~~~~~~~~~~~RR

FIG. 39.-Stage I. Phascolomnys mnitchelli (G.L. 8X5 mm.). Longitudinal
section through hypophysis and Seessel's pocket. 81. 8-2-8.

D., duct; D.L., distal lobe; I.P., infundibular process; O.P., remnant of oral plate;
P.E., proliferation of entoderm; P.L., proximal lobe; R.P., Rathke's pouch;
S.P., Seessel's pocket.

ventral to and between the two halves of the posterior extremity of the
pars buccalis. The anterior portion of Seessel's pocket fuses with the
ventral side of the pars distalis and becomes absolutely indistinguishable
from it (fig. 38, S.P.).

Phascolomys mitcheli.-In Phascolomys also Seessel's pocket persists
and forms part of the hypophysis, but certain points of difference may be
noted between the development in this form and in Phascolarctos.

STAGE I. (a) G.L. 9 mrm.-Rathke's pouch is already established, and
closely resembles that of Phascolarctos, Stage II., having well-marked
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proximal and distal lobes. It is widely open in its mid-region, but is closed
at both anterior and posterior ends.

No definite infundibular process is present.
The distal lobe of Rathke's pouch is bifid at its caudal extremity, and

lying between the two halves is a well-developed Seessel's pocket, which
in this instance differs considerably from Rathke's pouch in its staining
capacity. It is a hollow, conical structure, its walls being composed of a
regular epithelium, the cells staining more darkly than those of the hypo-
physis. It runs forwards, ventral to the hypophysis and in the middle line,
for a short distance, and then twists to one side. In correlation with this
asymmetry, the remnant of oral plate is displaced from its normal plane and
lies obliquely, forming, as usual, the partition wall between Seessel's pocket
and the hypophysis.

(b) G.L. 8-5 mm.-The hypophysis of this embryo differs from that
described above mainly in the fact that the opening of Rathke's pouch is
reduced to a narrow duct (fig. 39, D.).

Seessel's pocket (S.P.) has retained its original relations, but the elonga-
tion of the duct has taken place ventral to the opening of the pre-oral gut,
i.e. between the base of that structure and the pharyngeal roof, so that
there is a relatively long and narrow duct (D.) which is common to both
Seessel's pocket and the hypophysis. A small remnant of oral plate (O.P.)
can still be recognized attached to the posterior wall of Rathke's pouch, at
its point of junction with Seessel's pocket.

It may be noted that in both the 8-5 mm. and the 9 mm. embryos
there is a small entodermal outgrowth (fig. 39, P.E.) posterior to Seessel's
pocket.

This structure is a thin tubular diverticulum, and closely resembles the
hypophysial duct. It has a minute lumen opening into the pharynx, is
very short, and tapers to a blind extremity. I have not observed the
occurrence of this structure in other species, unless it corresponds with the
entodermal proliferation shown in fig. 17 of Trichosurus, Stage IV.

In a later stage of Phascolomys (155 mm. G.L.) there is possibly a
trace of it still indicated by the fact that the cartilage is perforated at
two points. Through the anterior of these perforations the hypophysial
duct passes, whilst on the pharyngeal side of the second there is a small
diverticulum, possibly representing a remnant of the structure described
above.

In its subsequent stages the hypophysis of Phascolomys very closely
resembles that of Phascolarctos. The walls of the pouch grow out as solid
processes which become pressed together to form the compact pars distalis.
The origin of the pars tuberalis is exactly the same as in Phascolarctos.-
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Seessel's pocket is still recognizable in an embryo of 17-5 mm. G.L., but
no later stages are available.

In Phascolomys the extremely rich vascular supply to the pars distalis
in stages of 15-5 mm. G.L. and 17-5 mm. G.L. is noteworthy, and is even
more marked than in Phascolarctos at similar stages.

Dasyurus viverrinus.-A series of Dasyurus stages, from the establish-
ment of Rathke's pouch to a stage in which the infundibular process has
become solid, is available, and from study thereof it is evident that the
development of the hypophysis in Dasyurus closely resembles that process
in Trichosurus. With regard to the process of conversion of the simple
pouch into the glandular lobe of the adult, Dasyurus seems to be -in some
respects intermediate between Trichosurus and Phascolarctos, for both
outgrowth of solid processes and ingrowth of connective tissue play a part
in the elaboration of the gland. After the establishment of Rathke's
pouch and its subdivision into proximal and distal lobes, its walls become
considerably thickened and produced into short rounded processes. At the
same time the walls are subdivided by ingrowths of connective tissue so
that the two processes occur contemporaneously.

A definite infundibular process appears relatively early in Dasyurus,
viz. in a stage corresponding approximately to Trichosurus, Stage IV.,
where it forms a relatively long, conical diverticulum.

There is no trace of Seessel's pocket in Dasyurus subsequent to the last
stage described in Section I. of this paper.

From the more complete series of late stages in Dasyurus it is possible
to make out some points, more particularly with regard to the- infundibular
process, which are not shown in the TrichosurusI series. I propose, there-
fore, to give a brief description of the three oldest stages of DasyurUs
viverrnnus.

STAGE H. Pouch fetus, G.L. 13-5 mm., H.L. 8 mm.-In the general
arrangement of the parts, this stage closely resembles Trichosurus, Stage X.

From the longitudinal section (fig. 40) it will be seen that the pars
buccalis extends further round on to the posterior side of the infundibular
process than it does in Trichosurus, so that only a small portion of the
neck of the latter is exposed. The residual lumen is narrow and cup-
shaped, following the outline of the pars neuralis, from which it is separated
by a thin epithelial layer, the pars infundibularis (P.I.), which in most
places is only one cell thick. A thin layer of connective tissue lies between
the pars infundibularis and the pars neuralis.

In the transverse section of this stage the differentiation of two types
of cells in the pars distalis is very well marked, the cytoplasm of the
chromophilic cells, which are still few in number, staining a bright, clear
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red. In the longitudinal section figured, however, there are few chromo-
philic cells, and these are not markedly differentiated.

The pars tuberalis forms a thin sheet of much-flattened tubules (P.T.),
lying between the diencephalic floor and the pars distalis (P.D.), and invested
by a thin layer of connective tissue. A small amount of this section of the
pars buccalis has penetrated to the middle line anterior to the hypophysial
stalk, but the greater part of it lies laterally thereto. The cellular con-

~~~~~~~~~~' L.~~~~~~~LN

FIG. 40.-Stage H. Dasyibrus viuerrmnus. Median longitudinal section through
hypophysisN 1. 3-1-12.

Ep., ependyna; L., lumen;- L.P.N., lumen of pars neuralis M.Z., marginal zone.
nuclear zone;* P.D. pars distalis; P.1., rars infundibularis; P.N., pars neuralis;s
PT., pars tuberalis.

nection of the pars tuberalis with the ventral side of the pars distalis is
lost, but its origin from the proximal lobe is clear from earlier stages of
Dasyurus.

The infundibular process is thick and bluntly pointed, and contains a
well-defined, narrow cavity (L.P.N.). The walls of the process contain a
large number of cells. I~n the region of the neck these are restricted to the
inner half of the wall, i.e. that bordering the lumen, whilst the outer part
is exclusively composed of fibres. The cells of the innermost layer con-
stituting the ependyma are apparently ciliated, and are continuous with
the ependymal cells lining the brain vehicles. They are not histologically
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different from the remaining cells which constitute the nuclear or mantle
zone (N.Z.). In the distal half of the infundibular process the nuclei of the
mantle zone extend out to the periphery, leaving no distinct marginal zone,
though they are less closely packed in this region.

STAGE I. Pouch faStus, G.L. 17 mm., H.L. 10 mm.-The only change
which has occurred in the pars buccalis consists in the increase in the
number of the chromophilic cells, which are particularly numerous in the
posterior portion of the pars distalis.

The infundibular process has thickened, but its cavity still persists.
The ependyma cells can be more readily distinguished from the cells of
the nuclear zone, and form a layer, several cells in thickness, lining
the lumen.

Fibres can be traced from the internal limiting membrane, passing
outwards amongst numerous nuclei scattered through the thickness of the
wall. In this stage, as in the last, it is only in the neck of the pars
neuralis that a definite marginal zone, consisting of fibres only, can be
recognized. In this stage, however, the number of cells is less in com-
parison with the thickness of the wall than in the preceding, and the fibres
are correspondingly more conspicuous.

In the transverse series of this stage the lumen of the infundibular
process is already obliterated, but in other respects it shows no difference
from the longitudinal series.

STAGE J. Pouch fetus, G.L. 20 mm., H.L. 12-5 mm..-The pars buccalis
shows no advance on the preceding stage.

The infundibular process (fig. 41), on the other hand, has under-
gone considerable changes. The whole structure is considerably enlarged,
and now has a round, expanded distal portion and a slightly constricted
neck. The cavity is obliterated, but its site is indicated by an axial mass
of ependymal cells (Ep.). The number of cells in the infundibular process
as a whole is relatively, at least, much smaller, so that the pars neuralis
now appears to consist of an interlacing mass of fibres with nuclei scattered
amongst them. These cells are not restricted to any one portion of the
structure, but, apart from the concentration of ependymal cells at the line
of closure of the lumen, they are uniformly distributed, so that even in the
region of the neck a marginal zone is no longer recognizable. On the other
hand, in the region of the tuber cinereum, immediately anterior to the
neck of the infundibular process, typical mantle and marginal layers are
differentiated.

It thus appears that the infundibular process arises as a diverticulum
of the diencephalic floor, whose walls undergo differentiation into ependymal,
mantle (nuclear), and marginal zones similar to those of the brain wall.
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Subsequently, however, the walls of the pars neuralis undergo modification,
becoming more fibrous than those of the brain. As already seen in
Trichosurus (Stage XI.), it later undergoes further changes due to the
ingrowth of connective tissue and cells of the pars infundibularis.

Peracmeles nasutac.-Apart from details of no apparent importance,
such as the differences in the shape of the hypophysis in some stages, the

Ep1

ST. 1-2-7.
Chr.C., chromophilic cells; D.M., dura mater; Ep., ependyma;- L., lumen;- M.Z., marginal zone; N.Z.

nuclear zone; P.D., pars distalis; P.1., pars infundibularis; P.Mv., pia mater; P.T. pars tuberalis.

development of the pituitary body in Perameles closely resembles that
of Trichosurus. The differentiation of proximal and distal lobes and the
process of formation of glandular tissue follows the same course as in
Trichosurus.

It is interesting to note that, in spite of the marked development of
Seessel's pocket in Perarneles nasu6ta (13, VII. 05), Stage IV., described in
Section I. of this paper, there is no trace of this structure in any subsequent
stage.
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The relations of the meninges to the various parts of the hypophysis in
a Perameles pouch young of 35 mm. G.L., 18 5 mm. H.L., are precisely the
same as in Trichosurus, Stage XI. (p. 212).

SUMMARY AND DIsCUSSION.

I. The Premnandibular Somaites, Prechordat Plate, and the Anterior
End of the Notochord.

It is not within the scope of the present paper to deal in any detail with
the literature relating to the premandibular head cavities, which is discussed
at greater length in relation to the development of the eye muscles in
Marsupials by Elizabeth A. Fraser (12).

That the relatively small and irregular structures described in Section I.
of this paper are in reality the precursors of the definitive premandibular
head cavities described in later stages by E. A. Fraser (12) is evident from
comparison with lower Vertebrates, more especially Selachians and Reptiles.
In Selachians (Platt, 42, 43), the premandibular head cavities are structures
of considerable size, and are connected with each other by a transverse
canal (see fig. 42, Pm.B.). Both the premandibular head cavities and the
connecting bridge are derived, according to Platt (42, 43), from an ento-
dermal outgrowth from the fore-gut.

Oppel (40) describes the occurrence of premandibular head cavities and
a connecting bridge in Anguis fragilis. These originate from a mass of
entoderm cells to which he has given the name " preechordal Platte," situated
between the wall of the fore-gut and the head of the chorda.

C. E. Johnson (25) describes the premandibular somites in an early
stage of Chelydra (3 5 mm.) as consisting of a small group of cells arranged
in a radiating manner around a central lumen (cf. figs. 3 and 4). These
are connected by a bridge, the median portion of which forms part of a
mass of cells arising from the anterior wall of the fore-gut. A similar mass
of cells has been described as the point of origin of head cavities by
Hoffmann (23).

Filatoff (10), Corning (7), Salvi (48), and Dorello (9), on the other hand,
describe the origin of the premandibular cavities from the wall of the fore-
gut itself.

The embryos of Perameles (Stage I., Section I ), Bettongia (Stage II.,
Section I.), and Macropus (Stage III., Section I.), described above, form a
series of stages in which we can trace the origin of a pair of outgrowths
clearly corresponding with the premandibular somites of Selachians and
Reptiles, arising, as in lower Vertebrates, from a prechordal plate, and
connected in Macropus by a transverse bridge.

VOL. LI. (THIRD SER. VOL. XII.)-APRIL 1917. 16
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This prechordal plate is not yet developed in a stage of Perameles
preceding the first described in the present paper, but there is present in
early stages of Perameles the massive protochordal plate described by
Wilson and Hill (63). The protochordal plate from the first shows evidence
of active growth power, and gives rise to the pre-oral gut (Seessel's pocket),
and to the upper portion of the oral plate. It seems evident that it also
gives rise to the prechordal plate in Perameles, for continuity is retained
between that structure and the wall of the fore-gut derived from proto-
chordal plate in Stage I. (fig. 1), and again between the prechordal plate
and Seessel's pocket in Stage IV. (fig. 6).

The history of the protochordal plate has been fully described in the
dog by Bonnet (6), who points out that here it gives rise not only to a
portion of oral plate, but also to the " pre-oral entodermal pouch " and to
mesoderm. He homologises the "interepithelial cell-mass" of Rex (47)
with the protochordal plate, and points out that the difference in the various
accounts of the development of the premandibular head cavities refer only
to their mode of origin from the " interepithelial cell-mass."

The above account of Perameles agrees closely with that given by
Bonnet (6). The pre-oral entodermal pouch of Bonnet (6) and Dorello (9),
the interepithelial mass of Rex (47), the prawchordal Platte of Oppel (40),
the Zwischenplatte of Filatoff (10), as well as the unnamed mass of cells
described by Platt (42, 43) and others as the point of origin of preman-
dibular somites, all alike represent derivatives of the protochordal plate.
Moreover, as the wall of the anterior angle of the fore-gut is also a deriva-
tive of the protochordal plate, the origin of premandibular somites directly
from the fore-gut, as described by Corning (7) and Salvi (48), may readily
be interpreted on the same lines, for in either case the ultimate source
of the premandibular somites and their connecting bridge is the proto-
chordal plate.

Attention may here be drawn to a possible interpretation of the struc-
ture described and figured by Selenka in Didelphys (55) under the name of
" Gaumentasche." This structure he regards as the branched and hollow
anterior end of the chorda. In a later paper (56) he states that he has
observed a similar structure in the chick and the duck, as well as other
Vertebrates. I have found no trace of such a branched gland as he describes
in an embryo of Didelphys virginiana (8-5 mm. G.L.) in Prof. Hill's
collection which I have examined. Selenka's fig. 16, plate xxx. (55),
shows so close a resemblance to the condition described and figured in
Perameles nasuta (Stages I. and IV., Section I., figs. 1 and 5) as to suggest
that the " Gaumentasche" which he observed is nothing more than a pre-
chordal plate in continuity with a well-developed Seessel's pocket.
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With regard to the relations of the anterior end of the chorda to the
fore-gut and Rathke's pouch, a number of observers have described the
apex of the notochord as being in continuity with the hypophysis in
birds (Mihalkovics, 33), and in Eutheria (Bonnet, 6; Woerderman, 64; and
Miller, 35). This condition is purely secondary, and my own observations
lend not the slightest support to the view of Miller that the notochord
makes a considerable contribution to the developing hypophysis.

The primitive relation of the anterior end of the chorda is one of
continuity with the protochordal plate. The subsequent history can be

FIG. 42.-Squcalus acanthtas (14 mm. embryo). Median longitudinal section
(reconstructed) through the hypophysis and chorda. SI. 1-4-2-9.

Ch., chorda; D.A., dorsal aorta; I, primitive infundibular recess; O.P. oral plate;
Pm. B., bridge connecting premandibular head cavities; R.P., Rath6e's pouch;
S.P., Seessel's pocket.

clearly followed in stages of Perameles, for, as the various derivatives of
the protochordal plate become established, the chorda retains its continuity
therewith until we get the condition shown in figs. 5 and 6 in which
the notochord is continuous with the prechordal plate and this again with
Seessel's pocket. In forms in which a transverse premandibular canal
is developed, the continuity between chorda and pre-oral gut is of necessity
interrupted, so that the primitive condition is transient. Moreover, the
hypophysis at this period grows rapidly backwards, while Seessel's pocket,
at the same time, in most Vertebrates degenerates. It will be readily
seen that this would produce, in a stage immediately succeeding Perameles,
Stage IV. (fig. 5), a condition of contact of Rathke's pouch with the pre-
chordal plate or with a "bridge" connecting the premandibular somites.
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This latter condition occurs in Selachians (fig. 42), and is described by
van Wijhe (62). In Eutheria, in which neither a definite prechordal plate
nor a bridge connecting premandibular somites has been described, the
notochord naturally comes into contact with Rathke's pouch, and in some
cases-pig, Miller (35), Woerderman (64) ; dog, Bonnet (6)-there is tempor-
arily established a continuity between the two structures.

II. Seessel's Pocket (Pre-oral Gut).
In 1877, Seessel (54) first described in the chick a small diverticulum of

the gut wall, lying posterior to the hypophysis and in such close contact
therewith that its lower concave surface lies exactly on the upper convex
surface of the hypophysis. He states that it has a narrow funnel-shaped
cavity and a wall of radially placed cylindrical cells, of the same thickness
as the hypophysis wall. The reduced remnant of this structure he
observed at a later stage as a short diverticulum attached to the duct of
the hypophysis.

Seessel's pocket has been described by Nusbaum (39) in the dog as
occurring immediately behind a fold which separates it from the hypophysis.
In 80 per cent. of the dog embryos examined by Nusbaum, Seessel's pocket
comes into close relation with the hypophysis. The lower portion is con-
nected with the pharyngeal epithelium, and contains a small lumen. The
distal half breaks up into several cell-groups, one of which passes, in part
at least, into the wall of the hypophysis, while the rest of Seessel's pocket
disappears completely. Nusbaum regards these facts as evidence that
Seessel's pocket and the hypophysis are both parts of one and the same
structure, viz. an ancestral communication between the pharynx and the
exterior, similar to the unpaired naso-hypophysial duct of Myxinoids.

A portion of pre-oral gut has also been recognized by Bonnet (6) in the
dog, and by numbers of other workers in various Vertebrates. Salvi (50),
in a detailed study of the pre-oral gut of birds, describes the formation of
a succession of "intestinal vertices" of which the tertiary one represents
Seessel's pocket. The obliteration of this gives rise to the final " quaterntary
intestinal vertex." He also describes (48) intimate relations between the
pre-oral gut, premandibular somites, and the hypophysis, but does not find
any contribution from the entoderm of Seessel's pocket to the hypophysis.

This participation of the entoderm of Seessel's pocket in the formation
of Rathke's pouch has also been described by von Kupffer (30) and
Saint-Remy (52).

In the Marsupials which I have examined, Seessel's pocket is of common
occurrence. In Dasyurus it is very small and variable in its relations,
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(cf. Stage III. of Dasyurus viverrinus, Section I. of this paper), but in this
species, as the hypophysis deepens and closes, Seessel's pocket disappears,
leaving no trace.

In Trichosurus, Seessel's pocket bears relations to the hypophysis similar
to those described by Seessel for the chick. It forms a small conical
diverticulum, separated from Rathke's pouch by a remnant of oral plate;
and, as the posterior end of the hypophysis is slightly bilobed, Seessel's
pocket lies between the lobes. (Trichosurus, Stage I.) In the process of
narrowing of the mouth of Rathke's pouch, the posterior point of constric-
tion is situated behind the opening of Seessel's pocket (fig. 17), so that that
structure becomes included in the hypophysial duct and forms for a time
a small pocket-like diverticulum on the posterior side of the duct. This
subsequently disappears, and it cannot definitely be said that it contributes
actively to the formation of the hypophysis, for it is merely continuous
with the duct, which is itself destined to disappear. It is perfectly clear,
however, that the insertion of the oral plate, which marks the point of
junction of ectoderm and entoderm, comes to be situated within the tissues
of the hypophysis, which accordingly cannot be regarded as of exclusively
ectodermal origin.

In Perameles a well-developed Seessel's' pocket is present in one stage
(P. nasuta, Stage IV. of Section I.). It arises undoubtedly from the region
of the fore-gut derived from the protochordal plate, and is directly continuous
with the remnant of the prechordal plate. In subsequent stages, however,
all trace of Seessel's pocket has disappeared.

In Phascolarctos and Phascolomys we find the most remarkable develop-
ment of Seessel's pocket. In Phascolarctos, Stage III., it appears at first
sight to form a third median lobe of the bilobed caudal portion of the
hypophysis, and its identity is only clear from the fact that it arises
posterior to the oral plate. The constriction of Rathke's pouch then
occurs in such a manner that Seessel's pocket is included in the hypophysis,
and, instead of degenerating as it does in other cases, it persists as a portion
of the pars buccalis. Up to a relatively late stage it is recognisable as a
flattened vesicle lying on the ventral surface of the hypophysis, and in
several embryos its original relations to the caudal bifid extremity of
Rathke's pouch are retained, so that sections through the hinder end of
the hypophysis in the last stage of Phascolarctos described above bear
a very close resemblance to those of the third stage (fig. 34). In some
cases Seessel's pocket has the appearance of being an integral part of the
hypophysis (fig. 38), whereas in other cases its walls are completely
separated by connective tissue from the rest of the pars buccalis and -it
retains to some extent its own identity. In later stages, however, it
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appears simply as a slightly differentiated tubule or lobe of the hypo-
physis.

In Phascolomys, again, we find a well-developed Seessel's pocket which,
like that of Phascolarctos, becomes included in the buccal portion of the
hypophysis. In early stages of Phascolomys (fig. 39) Seessel's pocket
forms a long, conical diverticulum, opening on to the posterior face of
the hypophysial duct. The walls are slightly less regular than those of
Rathke's pouch, and its cells are distinguishable from those of the hypo-
physis by reason of their greater staining capacity.

We have thus undoubted evidence that Seessel's pocket in at least two
Marsupials (Phascolarctos cinereus and Phascolornys mitcheli) actually
enters into the composition of the pars buccalis of the pituitary body,
whilst in Trichosurus a doubtful amount of entoderni is included in the
hypophysis.

Professor Hill has drawn my attention to the fact that in an Echidna
embryo in his collection there is a well-developed Seessel's pocket. From
Professor Hill's graphic reconstruction of this embryo it is clear that
Rathke's pouch has just formed; the oral plate is ruptured, and behind it
is a conical diverticulum, slightly longer than the hypophysis. Whether
this structure subsequently degenerates in Echidna or forms part of the
hypophysis is unknown. The condition in the above-mentioned embryo
closely resembles that in Phascolarctos, Stage II., 7.5 mm., in which,
however, the hypophysis is further advanced and is accordingly slightly
longer than Seessel's pocket.

The occurrence of such a well-developed Seessel's pocket in Monotremes
and Marsupials and its inclusion in the hypophysis in Phascolarctos and
Phascolomys is remarkable, and its significance is uncertain. It must be
admitted as a possibility that the inclusion of the pre-oral gut in the
pars buccalis indicates nothing more than a slight variation from the
normal Vertebrate method of closure of the hypophysial pouch. Further
observations are necessary to prove how frequently the phenomenon occurs
in other groups of Vertebrates.

In connection with the discussion as to the fate of Seessel's pocket, it
may be well to make a brief reference to the pharygneal bursa, a structure
of doubtful significance, which has been identified with Seessel's pocket
by some workers (Meyer). This structure was first described by A. J. C.
Mayer (31) in 1840, and has since been discussed by Killian (28), Grunwald
(17), Meyer (32), Huber (24), and others. Huber, in a full discussion on
the subject, decides against Meyer's theory that the pharyngeal bursa is
merely a persistent Seessel's pocket, on the ground that the two structures
are separated by almost the whole length of the future pharyngeal vault;
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and the same objection applies to the suggestion that the pharyngeal
bursa is a persistent hypophysial duct.

I have not been able to find any trace of a pharyngeal bursa in any
Marsupial embryo which I have studied; but if such a bursa is present at
any stage in Marsupials, it cannot be derived from Seessel's pocket, as that
structure either degenerates completely or becomes part of the hypophysis;
neither can it represent a persistent hypophysial duct, as that retains for
some time its relations to the hypophysis and then disappears completely.

III. The Formation of Rathke's Pouch.

An excellent historical note on the pituitary body is given by Herring
(22) in a recent paper, and it is unnecessary to recapitulate here the many
different views that have been held as to the ontogenetic and phylogenetic
origin of the hypophysis. Rathke (46), in 1838, was the first to describe
the origin of the anterior lobe of the pituitary from a pouch-like ingrowth.
Subsequent work has established the ectodermal origin of this structure
beyond question.

In early stages of Dasyurus described above, we see the exact relations
of Rathke's pouch to the fore-gut and oral plate. In Stages I. and II. the
oral plate (figs. 8 and 9, O.P.) is still complete, and in the former there
is as yet no indication of the formation of the hypophysis. In Stage II.
no definite invagination has taken place, but the hypophysial epithelium
is differentiated, and this differentiation affects a small portion of the
ectoderm of the oral plate. In the next stage the oral plate is ruptured
(fig. 10), but a considerable remnant of it persists. Instead of lying, as
it does in the preceding stage (fig. 9), in approximately the same line with
the ectoderm of the head, it has become bent forwards so as to form an
acute angle therewith. The wall of the fore-gut, which in Stage II. lies
in contact with the brain floor, has ceased to do so in Stage III., and a
mass of cells, possibly representing a head somite, lies above it (figs. 10
and 11). The modified stretch of epithelium now forms a shallow pouch
with its dorsal wall pressed closely against the brain floor. It is evident
that the apex of the pouch has grown actively backwards, for in Stage II.
(fig. 9) it lies anterior to the infundibular depression, whilst in Stage III.
it lies immediately below it. The posterior limitation of the pouch is
brought about partly by the backward growth of this apex, and partly,
as stated by Mihalkovics (33) and Kraushaar (29), by the forward bending
of the oral plate. This movement of the oral plate does not, however,
appear to be a purely mechanical result of its rupture, for in Perameles
nasquta (Stage IV.), in which the oral plate is still complete, there is a
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distinct forward projection thereof, close to its dorsal insertion (fig. 5, P.),
and this projection forms the posterior wall of Rathke's pouch. The
anterior and lateral folds limiting the pouch are simply the result of the
active growth of the epithelium of the pouch. Lying as it does with
one wall in close contact with the brain, the natural result of active
growth and division of the cells is firstly to increase the area in contact
with the brain, and secondly to produce round this area folds, or lips,
thus converting the structure into a shallow pouch. Stage III. of Dasyurus
(fig. 12) shows a further result of this growth in the deepening of the
pouch posteriorly.

That the chorda does not in Marsupials play a mechanical role in
drawing Rathke's pouch inwards is self-evident from the fact that it stops
some way behind the hypophysis in most cases, and is never in actual
contact therewith.

As Herring (22) remarks, the close contact between the hypophysial
epithelium and the infundibular depression in these early stages is doubt-
less of importance in bringing about the development of a definite pouch.
In most of the early stages there is evidence of very active growth at the
lateral angles of the pouch (fig. 7), and it is clear that rapid growth at
these points will tend of itself to bring about a deepening of the pouch.

The narrowing of the mouth of the pouch requires a different explana-
tion. Muller (36) put forward the theory that this was due to the pressure
of the internal carotid arteries. Mihalkovics (33) and Kraushaar (29) both
regard it as due to the development of the primordium of the skull. In
Marsupials there are no blood-vessels in a position to cause the narrowing
of the mouth of the pouch, and, as far as it seems possible to give any
explanation of this phase of development, that given by Mihalkovics and
Kraushaar is probably correct, for the narrowing of the opening of the
pouch and its final reduction to a slender duct occur contemporaneously
with the condensation of the mesenchyme which ushers in the formation
of the cartilage of the skull.

The appearances of transverse sections through Rathke's pouch in early
stages, such as are shown in figs. 7 and 30, are exceedingly suggestive of a
bibbed origin of the hypophysis; whilst in Stage I. of Phascolarctos the
condition is even more marked, the epithelium in the middle line being
remarkably thin. The activity of the cells of the lateral angles of the
pouch is indicated, in most of the early stages which I have examined, by
such appearances as are shown in fig. 7. Moreover, these lateral angles
tend to be prolonged backwards beyond the median portion of the pouch,
thus giving rise to a distinctly bibbed caudal extremity. In Trichosurus,
and more especially in Phascolarctos, this branching of the pouch may be
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due to the presence of a median Seessel's pocket, indenting the posterior
wall of Rathke's pouch. In Trichosurus the caudal bifurcation persists and
even becomes more marked after Seessel's pocket has become a mere
remnant attached to the duct, and the conical infundibular process, which
is just appearing, lies between the two halves.

It is impossible to say at present whether this bilobed condition
indicates the origin of Rathke's pouch from a structure consisting of two
symmetrical portions. On the whole, it seems more probable that it is
merely due to three independent factors, viz. active growth and multiplica-
tion of the cells at the angles of the pouch, the pressure of Seessel's pocket
on the middle line of the posterior wall of the pouch, and the subsequent
protrusion of the infundibular process into the same position.

It may be. noted that Gaupp (13) and Salvi (48) have described a three-
fold origin of the hypophysis in Reptiles, but the lateral lobes in this case
probably represent nothing more than an early establishment of the
primordia of the pars tuberalis.

IV. The Later Development of the Hypophysis cerebral.

The development of the hypophysis subsequent to the establishment of
Rathke's pouch consists in the outgrowth and differentiation of the infundi-
bular process, and in the conversion of the simple thin-walled buccal pouch
into the various regions characteristic of the pars buccalis of the adult,
viz. the solid glandular pars distalis, the pars infundibularis, and the pars
tuberalis.

(a) The Development of the Pars buccalis.

1. Development of the Pars juxta-neuralis.-The separation of the
primordium of the pars tuberalis occurs in Marsupials at a very early
stage, and this fact gives confirmation to the view of Tilney (59) that the
pars tuberalis and pars infundibularis constitute two distinct morphological
elements in the pars juxta-neuralis.

According to Tilney (59), the pars tuberalis in the adult cat, dog, rabbit,
rat, sheep, and fowl " is moulded to the base of the brain in such a manner
that the saccular eminence of the tuber cinereum rests in it as one saucer
in another" (Tilney, 59, p. 263), whilst a median aperture in the pars tuber-
alis admits of the passage of the infundibular process. With regard to its
ontogeny, he describes in a 14-mm. cat embryo the appearance of a pair of
processes from the lateral borders of the dorsal surface of the buccal pouch
in the region where the neck of the pouch joins the body. These are
destined to form the pars tuberalis, and he accordingly calls them tuberal
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processes. They grow up towards the brain, and also extend both
posteriorly and anteriorly, to fuse eventually and form a continuous
structure lying between the tuber cinereum and the pars distalis. In the
chick of 5 days, 20 hours he describes the origin of tuberal processes " near
the cephalic pole of the body of the pituitary anlage."

Although Tilney alone has clearly recognized both the origin and fate
of this portion of the hypophysis, it seems probable that certain structures
described by other authors may prove to be identical with it. Thus
Mihalkovics (33) and Kraushaar (29) have described the development of
a solid process arising from the lower end of the hypophysial sac and
growing forwards towards the optic chiasma. Salzer (51) has given
special attention to the subject, and finds that in the pig there is an
epithelial thickening which corresponds to the process described by
Mihalkovics (33) in the rabbit, and by Kraushaar (29) in the mouse. This
sends forwards "towards the chiasma" a process consisting of glandular
substance. Salzer states also that he finds a similar anterior process in the
guinea-pig.

Herring (21 and 22) describes " a tongue-like process of the pars inter-
media" in the cat and monkey, and from his figures it seems probable that
this structure is the anterior portion of the pars tuberalis. (Compare figs.
2 and 5 of Herring (21) with Tilney's (59) longitudinal sections, figs. 1, 2,
5, 7, 9, etc.) With regard to the development of this portion, Herring (22)
states that the neck of the hypophysial sac retains a tubular character for
some time and becomes somewhat convoluted. " One of these convolutions
applies itself to the under surface of the brain and gives rise to the tongue-
like process which extends forwards from the anterior lobe towards the
optic chiasma": Herring (22, p. 171).

Baumgartner (4), in a description of the development of the hypophysis
in turtles, describes the presence in an early stage (5-mmn. embryo) of a
main pouch and two lateral buds. The free ends of these lateral buds grow
forwards and dorsalwards, and later their distal portions become wing-like
and extend forwards beneath the brain floor, whilst their proximal parts
lateral to the anterior lobe are crescentic in transverse section. In the
newborn animals the lateral lobes have fused across the median line,
whilst their crescentic, proximal portions are united by outgrowths of their
free edges both dorsally and ventrally around the " anterior lobe," so that
this latter is enveloped by the layer so formed. This description probably
refers to a pars tuberalis such as is described by Tilney (59), and having an
origin similar to that described for Marsupials.

It may further be noted that Baumgartner's description affords an
explanation of the threefold origin of the hypophysis decribed by Gaupp
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(13) and Salvi (48) in Reptiles. Baumgartner finds a median pouch de-
veloped first, followed by two lateral buds. Gaupp (13) similarly describes
three invaginations, the two lateral ones forming elongated slit-like de-
pressions separated from the median one by fairly considerable folds in
which lie a pair of veins (cf. fig. 33). In later development, the three
invaginations deepen and become simultaneously nipped off from the
mucous membrane. The lateral lobes separate from the median and
may degenerate, but Gaupp finds in almost adult lizards two groups of
cells, apparently derived therefrom, actually embedded in the walls of
the diencephalon. These groups of cells may represent a displaced pars
tuberalis.

Salvi (48) describes similar lateral primordia in Reptiles, but does not
trace their subsequent history. On the ground of a connexion between
these structures and the premandibular somites, he regards the lateral
pits as equivalent to the ectodermal invaginations of a pair of gill slits.
The development of the premandibular somites in Marsupials lends no
support to the theory that they represent gill pouches, nor is there any
evidence in this group in support of Salvi's interpretation of-the signifi-
cance of the lateral pits of Gaupp.

Comparing Gaupp's (13) and Salvi's (48) accounts with that of Baum-
gartner (4), and with the mode of development of the pars tuberalis in
Marsupials, it seems probable that the threefold origin described by
Gaupp and Salvi may prove to represent an early differentiation of the
primordium of the pars tuberalis.

The development of the pars tuberalis in Marsupials is perfectly clear.
In quite early stages the portion of Rathke's pouch lying posterior to
the duct becomes subdivided into two lobes, which are respectively distal
and proximal in relation to the hypophysial duct, and are separated from
each other by a horizontal constriction. While the distal lobe thickens
and forms the glandular tissue of the pars buccalis as well as the pars
infundibularis, the proximal lobe remains thin-walled. It becomes drawn
out laterally, and early becomes crescentic in transverse sections. (Compare
figs. 18, 20, 21, and 26.) Its lateral borders enlarge and curve up towards
the dorsal side of the pars buccalis (figs. 26, 37). These wing-like struc-
tures are prolonged anteriorly considerably beyond the main body of the
proximal lobe. In subsequent stages the median portion of this lobe
becomes greatly reduced, loses its lumen, and fuses with the ventral surface
of the distal lobe, whilst the enlarged lateral portions grow up towards
the brain floor. Finally they branch and form a collection of flattened
tubules which, increasing greatly in number, extend first anteriorly and
meet and fuse in the middle line in front of the infundibular process,
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whilst later they penetrate to the caudal side of that structure and thus
come to form a complete ring around it.

Up to the latest stage which I have studied (Trichosurus, Stage XI.,
fig. 29), the pars tuberalis consists of hollow, flattened tubules with thin
walls for the most part only one cell in thickness, and consisting of
cubical epithelial cells. No variation in staining capacity is evident in
these cells.

From the above summary it becomes clear that the pars tuberalis
takes its origin at a very early stage from Rathke's pouch. In Reptiles,
if my interpretation of Baumgartner's and Gaupp's descriptions is correct,
it arises from a pair of hollow outgrowths which are at first separate
from the main median hypophysial invagination. The three primordia
become simultaneously nipped off from the buccal ectoderm, thus acquiring
a common duct. In the Marsupials, the narrowing of the mouth of the
pouch takes place before the differentiation of the tuberal primordium,
but this is still a hollow outgrowth whose subsequent history clearly
shows its homology with the lateral invaginations described by Baum-
gartner (4). In the Eutheria, according to Tilney (59), the pars tuberalis
is derived from a pair of solid processes arising from the point of junction
of the neck and body of the hypophysis, this being also the position of
the proximal (tuberal) lobe in Marsupials.

The development of the pars infundibularis shows no point of special
interest. The postero-dorsal wall of Rathke's pouch represents the primor-
dium of this portion. Unlike the rest of the distal lobe, it never thickens
markedly, but on the contrary, as development proceeds, becomes reduced
to a thin and very regular layer of epithelium. The infundibular process
as it grows downwards indents it from above, and during the growth of
the hypophysis as a whole the pars infundibularis spreads round in all
directions, so that it eventually comes to cover the infundibular process on
its anterior and lateral sides, and to a certain and variable extent on its
posterior face. It is noticeable that in the Marsupials the thin epithelium
of the pars infundibularis forms not only the layer in contact with the
pars neuralis, but also extends beyond this, forming the ventral wall of
the anterior and posterior angles of the residual lumen (cf. fig. 27), and
the dorsal wall of its lateral horns (fig. 28).

With regard to the time of penetration of connective tissue between
the buccal and neural portions of the hypophysis, various statements have
been made. As noted by Herring (22) and Salzer (51), in the initial stages
these two parts are in intimate contact. In a Trichosurus embryo of
8-5 mm. G.L. (Stage V.), connective tissue has penetrated between the
primordia of the pars neuralis and the pars buccalis. This connective
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tissue is derived from the pia mater, and not, as would be supposed from
Stendell's (57) description and figure (fig. 17), from the dura mater.

In the final stages of development (Trichosurus, Stage XI.) some of the
cells of the pars infundibularis become carried by growth and penetration
of the connective tissue into the substance of the pars neuralis, while
the remainder form a thin epithelial layer surrounding that structure.

2. Development of the Pars distaltis.-In the Marsupials which I have
studied, two methods of conversion of the walls of Rathke's pouch into
the glandular pars distalis may be observed. Of these methods, that
observed in Phascolarctos is probably the more primitive, and will accord-
ingly be dealt with first, that of Trichosurus being more specialised. In
both cases the cells of the walls of the distal lobe of Rathke's pouch
multiply freely except in the region of contact with the developing in-
fundibular process. In both cases also there is produced from the posterior
half of the pars buccalis a pair of large, dorso-lateral outgrowths into
which a narrow cleft-like lumen extends. (Cf. fig. 22, in which, however,
the actual section figured passes not through the lumen but through the
solid wall.) In Phascolarctos capillaries supplying the pars distalis enter
by the ventral cleft between this lateral wing-like process and the median
lobe. I have not been able to ascertain with certainty whether this is
the case in Trichosurus or not, though a large amount of connective tissue
undoubtedly penetrates at these points. It therefore seems possible that
the separation of these lobes by a pair of ventral clefts merely serves to
afford a point of entry for connective tissue and blood-vessels.

In Phascolarctos, the rapid multiplication of the cells of the walls
of Rathke's pouch results in the outgrowth of numerous processes from
the outer surfaces of the walls. These are at first short and rounded, but
soon become longer; their extremities enlarge and in some cases acquire
a lumen (cf. fig. 36). They increase rapidly in number, so that the
pars distalis comes to consist of a mass of tubules and cell cords, separated
from one another by connective tissue which, from the nature of the
process of development, inevitably becomes included in the walls.

Although in Phascolarctos, Stage VIII. and in the following stages, as
well as in Phascolomys, the very rich vascularity of the pars buccalis is
noticeable, there is no indication of sinusoidal development such as Herring
(22) describes in the pig. In earlier stages there are blood-vessels lying in
close proximity to Rathke's pouch, but these do not penetrate until Stage V.,
and at no stage is there any indication of the processes from the walls of
Rathke's pouch growing into the blood-vessels and pushing the endo-
thelial walls before them as described by Herring (22). On the contrary,
several definite points of penetration of the capillaries into the substance of
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the pars distalis can be recognized, viz. the ventro-lateral clefts as already
mentioned and the posterior wall of the pars distalis.

It seems, therefore, that in Phascolarctos there occurs, contemporaneously
with the outgrowth of processes from the walls, a certain amount of in-
growth of connective tissue, and more especially of blood-vessels.

Salzer (51) describes a similar condition in the pig, and draws attention
to the fact, which is true also of Phascolarctos, that the lumina of the
tubules arise entirely independently of the main lumen. Mihalkovics (33)
in the chick, and Kraushaar (29) in the mouse, both describe the formation
of tubules simply by outgrowth from the wall of the buccal pouch.

In Trichosurus, on the other hand, the walls of Rathke's pouch thicken
considerably, so that the lumen is much reduced; but up to Stage VII. the
walls retain their original compact form, with a regular, unbroken outline.
The process of " tubule " formation then begins, and is ushered in by the
ingrowth of connective tissue strands at a number of points. The cells of
the wall then gradually become grouped so as to form lobules and cell-
cords, but in no stage in Trichosurus do these acquire a lumen. By further
ingrowth of connective tissue, and by a process of grouping and rearranging
of the cells, the pars distalis of Trichosurus acquires a glandular structure.
As might be expected from the difference in the mode of development, the
pars distalis in Trichosurus is throughout its history a very much more
compact structure than that of Phascolarctos.

A similar process of gland formation by ingrowth of connective tissue
was described by J. Muller (36) for the pig; but, according to Salzer's (51)
very full and careful description, outgrowths of processes from the wall also
play a large part in the development of the hypophysis of this Mammal.

It would be natural to assume that the primitive mode of elaboration
of a glandular structure such as the pars distalis is that of the formation
of outgrowths, probably hollow, from the walls of a simple pouch. The
tubules thus formed would, as they increase in number, become pressed
together until they constitute a relatively compact gland. In the adult
hypophysis in Mammals the tubular structure is almost entirely lost (cf.
Herring, 22), and there seems to be a tendency to omit in development the
stage of formation of hollow outgrowths.

In the Mammalia both the process of outgrowth and that of penetration
of connective tissue occur contemporaneously, and the Marsupials which I
have studied form a well-graduated series in this respect. In Phascolarctos
and Phascolomys the process of formation of outgrowths from the walls of
Rathke's pouch undoubtedly plays a markedly preponderating part in
development, while ingrowth of connective tissue occurs to a relatively
slight extent. In early stages in Dasyurus, outgrowths form on the walls,
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but they are neither so numerous nor so long as those in Phascolarctos and
Phascolomys. In Trichosurus and Perameles outgrowths of the walls play
but a very small part, the adult condition of compactness being attained by
a far less circuitous method by direct increase in thickness and by con-
temporaneous rearrangement of the constituent cells of the walls as cell-
cords or lobules.

In this connection it may be noted that whilst in Stage V. of Phascol-
arctos the bulk of the pars distalis consists of definite tubules, the lumina
of these is lost for the most part, if not entirely, in later stages.

Embryological evidence thus agrees with the facts of comparative
anatomy, for the anterior lobe in lower Vertebrates consists simply of a
greater or less number of branching tubules (Stendell, 57, figs. 63, 65, 66),
and we may conclude that the pars buccalis of the Mammals also arose as a
branched tubular gland which in the course of evolution became more and
more compact until it has in some cases lost, even in ontogeny, all trace of
the process by which it has developed.

3. Histological Differentiation of the Pars distalis.-The final stage in
the development of the pars distalis is the process of histological differentia-
tion. In embryological material not stained for special histology, it is
naturally impossible to follow this process in great detail, and it was not
my original attention to deal with this subject at all. It may, however,
be noted that in later stages in all the types examined the cells of the pars
distalis exhibit a very conspicuous differential staining capacity (see figs.
27, 28, 29, 40, and 41). The bulk of the-pars distalis in these stages consists
of cells with oval or spherical nuclei and cytoplasm which stains a typical
hamatoxylin blue. Amongst these occur a few cells with spherical nuclei
and cytoplasm which stains bright red. These two types of cells appear
to represent respectively the "chromophobic" and "chromophilic" cells
described by Flesch (11) and referred to by Herring (21). Herring (loc.
cit.) himself describes three types of cells: one small and non-granular,
the second larger, with granulated cytoplasm, and thirdly, the deeply
staining type. I have not observed any cells which correspond with this
second granular type, and merely record the occurrence of the chromo-
philic cells for the purpose of indicating the stage at which they first
appear, viz. in Trichosurus, Stage X. (11 mm. H.L.); Phascolarctos, Stage
IX. (9 5 mm. H.L.); Dasyurus, Stage H. (13-5 mm. G.L.). It may also be
noted that in all the cases in which these chromophilic cells can be observed
they are most numerous in the posterior portion of the pars distalis.

Neither the time of appearance of these cells nor their mode of origin,
scattered as they are in the substance of the hypophysis, nor any other
facts in development in Marsupials, lend any support to the view of Miller
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(35) that the existence of two histologically distinct types of cells in the
" anterior lobe " is due to the origin of the one group from ectoderm and
the other from entoderm (head of the notochord).

The Fate of the Lumen.-With increase of thickness of the walls of
the buccal pouch, the lumen naturally becomes reduced, and in the course
of reduction it passes through a variety of forms which do not seem
of sufficient importance to justify a detailed description. Two distinct
portions of the lumen persist up to Stage X. of Trichosurus: one forming
the cup-shaped residual lumen surrounding the pars neuralis; the second,
a small isolated cleft on the ventral side of the pars distalis (fig. 27, Lm.P.L.),
representing the last trace of the median lumen of the proximal (tuberal)
lobe of earlier stages. This small cleft subsequently disappears, whilst the
main cavity persists in a pouch fetus of 4 cm. G.L. (Stage XI.) as a cup-
shaped residual lumen.

(b) Development of the Pars neu~ralis.
In early stages of development of the brain, prior to closure, a rounded

depression of the floor of the diencephalon oceurs. This represents the
primitive infundibular depression, and it is from the posterior angle of
this that the infundibular process grows out. As already stated, I am
unable at present to describe the process of development of the diencephalic
floor or to identify with certainty the post-chiasmatic and post-infundibular
recesses and eminences described by Tilney (60), and the development of
the infundibular process is so closely related to that of the diencephalic
floor that it is impossible to discuss the former satisfactorily in the
absence of definite knowledge of the latter. A few points may, however,
be noted.

The infundibular process itself arises as a short, conical or rounded
hollow outgrowth from the diencephalic floor, and its walls for a consider-
able time retain the primitive character of the brain-wall in early stages
of its development. Subsequently its cavity becomes reduced and the
walls show some indication of differentiation into the three zones,
ependymal, mantle (or nuclear), and marginal, characteristic of the
developing brain-wall. Complete differentiation is, however, restricted
to the neck of the pars neuralis, while in the distal portion cells are
scattered throughout the substance of the wall, leaving no specialized
marginal zone. The substance of the wall in this stage is traversed by
fine fibres, probably both ependymal and neuroglial. In later stages the
infundibular process enlarges considerably and its lumen becomes obli-
terated. The walls undergo several changes, the cells become fewer, the
fibres much more conspicuous; and in the last stage which I have observed,
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the connective tissue has penetrated to a considerable extent into the
substance of the pars neuralis, carrying with it a few of the cells of the
pars infundibularis.

V. Note on the Relation of the JIeninges to the Parts of the
Hypophysis cerebri.

In both Trichosurus and Perameles it is possible in late stages to
observe the relations of the meninges to the parts of the hypophysis,
and in both these types the pia mater completely invests the pars neuralis
and also the pars tuberalis (fig. 13, P.M.). This statement differs from the
account and diagram (fig. 17) of Stendell (57), according to which the
pia mater is perforated by the pars neuralis, while the dura mater passes
between the pars neuralis and the pars infundibularis. In the forms
which I have examined, the dura mater constitutes a connective tissue
capsule, the greater part of it passing ventral to the whole of the
pituitary, while a thinner layer passes over the dorsal surface of 'the
pars buccalis but thins out considerably as it approaches the hypo-
physial stalk, and is not continued between the pars neuralis and the pars
infundibularis (see fig. 13). In Marsupials the pia mater does not end,
as described by Stendell (57) for Vertebrates generally, at the point of
origin of the infundibular process, but penetrates between this latter and
the pars infundibularis.

FINAL SUMMARY.
1. In Bettongia, Macropus, Peraineles, and'Trichosurus there is present

a pair of head cavities whose early relations and subsequent history (see
Elizabeth A. Fraser (12)) show them to be premandibular somites. The
origin of these structures has been traced only in Perameles, in which
they arise from a prechordal plate which represents a derivative of the
antero-dorsal wall of the fore-gut, which is formed from the protochordal
plate.

2. A well-developed Seessel's pocket (pre-oral gut) occurs in some
Marsupials, and in Phascolarctos cinereus and Phascolomys mitchelli forms
a constituent part of the hypophysis.

3. The primitive relation of the tip of the notochord is one of continuity
with the protochordal plate, and in Perameles continuity is retained between
the chorda and the derivatives of the protochordal plate (prechordal plate
and Seessel's pocket). As a secondary condition, continuity may be estab-
lished between the chorda and the hypophysis.

4. The development of Rathke's pouch is due to rapid growth of the
VOL. LI. (THIRD SER. VOL. XII.)-APRIL 1917. 17
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differentiated epithelium of the hypophysial angle, and not to any mechanical
power exercised by the chorda or any other structures.

5. From Rathke's pouch in Marsupials there arises a proximal lobe, at
the point of junction of the duct with the body of the pouch. This forms
the pars tuberalis of the adult pituitary body.

6. The glandular structure of the pars distalis (anterior lobe) of the
adult is produced either by outgrowth of processes from the walls of
Rathke's pouch or by ingrowth of connective tissue into the thickened
walls of that structure.

7. Two types of cells, "chromophilic " and "chromophobic," are differ-
entiated in 8itU in the pars buccalis before the adult condition is fully
reached.

8. The pars neuralis arises as a hollow conical outgrowth of the
diencephalic floor. It is gradually transformed into a solid, swollen lobe,
and is then penetrated by connective tissue.

ADDENDUM.

Since the completion of the above, a paper has appeared on the develop-
ment of the hypophysis in Reptiles by Baumgartner (Journal of Morph-
ology, vol. xxviii., No. 1, Dec. 1916), who describes the origin of the pars
tuberalis in a considerable number of Reptiles from lateral buds such
as are described by Gaupp (13), and by Baumgartner (4) in an earlier
paper. This is in agreement with the interpretation given above, according
to which the lateral buds described in Reptiles are homologous with the
proximal lobe found in early stages in Marsupials.
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