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1. INTRODUCTION,

L7 is proposed in the present communication to initiate the
publication of a series of papers dealing with marsupial
embryology. The facts and mterpretations embodied will be
based on result of an imvestigation into an amount of mar-
supial material now colleeted in the Biological Laboratory of
the University of Tasmania and fairly representative of the
Tasmaman fanua,

It is evident that any attempt to solve the phyvlogenetic
problems presented by the mawmalian group without having
at our disposal a large number of the facts relating to the
morphology and embryology of the Metatheria will
extremely unsatistactory.

b

Yet in the not very distant fature, with the spread of settle-
ment and the alnost ineredible devastation caused Q011G
these animals by fur-lunters and trappers—a depletion but
little compensated for by restrictive legislation-—it mav be
considered certain that the connected stages necessary for the
elncidation of their intra-uterine development will he practi-
cally unobtainable,

I this connexion it may be instruetive to guote the words
of Hubrecht (1909}, who suys, i discussing placental arra 1nge-
ments in the Marsupialia, that * the early ontogenetic events
and the different phases in the mutual relation of the blusto-
eyst aud mucosa ought to be fullv known in order to furnish
us with all the data that can be brought to bear on this npor-
tant question.  And it is to be fervently hoped that thos
generu that are very rapidly diminishing iu their native land.
some of them even on the verge of disappearance, may vet
be fully investigated before they have been exterminated.
and have thereby become as mute on {his hportaut point
as are their fossil predecessors.’

HE

Of such disappeaving genera two may be mentioned, Thv |
¢cinus and Sarcophilus. hoth certainly primitive in
the morphology of their genital organs, and for that reason

alone possessing important possibilities with regard to their
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intra-uterine nutritional  arrangements,  Both  genera  are
absolutely on the verge of extinetion. The nira-uterine
'lua\'n-lulmiwm of Thylacinus will probably never })(%‘],{ILI.'\\'{I.
and 1t 18 extremely unlikely that detailed investigation will
be possible in the case of Sarcophilus,

['nder these eircnmstances 1t is a pleasure to acknowledge
aratefully any help extended towards an investigation of the
lnnlv.ngne.'tic and phylogenetic relationships of this fast dis-
appearing fauna.

First, in this way, I mmust express my most grateful thanks
to the Trustees of the John Ralston Bequest and particularly
to their chairman, Dr. 1., G. Thompson, these gentlemen having
placed at the disposal of the University of Tasmania a sum l.!f
money to be used ehtefly in marsupal investigation, It is
mainly by their financial aid and unswerving support that
the ihmdrln.nl colleetion of embryvological material in the
niversity of Tasmania has been brought together.,

m-n.:(md.l\‘. 1 am indebted to the Comumttee of the DBritish
.\:-'.ram'_-iatiu.u for the Advancewent of Seience, who, at their
Anstralasian meeting in 1914, placed at my disposal a grant
with the object of proguring material for the study of the brain
and embryology of marsnpials.

The I_mI‘Iiminar_\' portion of the examination of the material
of the present paper was carried on in my own laboratory, but
lack of facilities for consulting almost all the literature, and
other disadvantages of izolation in Tasmania, led me to consult
my old friend Professor 8. 1. Johustone as to the possibility
of accommodation in one of the laboratories of the University
of Bydney,

'l‘l"ii.a \v.ua arranged and the work was earried on under these
altered conditions.

Still more recently, by the courtesy of Professors Hill and
Watson, I have been accommodated at University College,
London. 1 am indebted to the Senate of the University of
Sydney and to the Rescarch Committee of that University
for « :\_rru.-ut from the Mclaughey Bequest to defray the cost
of the plates illustrating this paper.
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Finally, T must not omit to pay a tribute to the friendly
mterest which has been shown in my work bv my former
teacher, Professor W. A. Haswell. who has lu-wul.-nlv.';;.\‘.-' ready
to help with kindly eriticism and advice. To him, also. 1 am
indebted for the loan of literature otherwise inaccessible to me.,

2. Review axp Crizrersm or Previovs Wons,

The discovery by Hill of a true allantoic placenta in the
two forms, Perameles obesula and nasuta. was of
the greatest importance in regard to the 1:h_\‘l:)}.ff~1i\' of the
marsupial gronp and its relationship to the remainder of the
matalia, - The actual placental material, upon which Hill
was able to base his conclusions, consisted of three staces.
Thf- first of these, Stage (, concerned an embryvo 7 mm, 11;11;5.
’l?lnf was followed by a Stage D deseribing the placental con-
nexion o embryos 8 to 875w, long. In a subsequent
paper Hill deseribed the similar phenomenon in o 12-5 mn,
embryo which was also designated D, For the sake of elearness.
when speaking of these stages, T will designate them by their
length in each ease. ;

In his earliest (7 mm.) stage the fixation of the emibryo was
already completed and the allantoic placenta was well on the
way towards being fullv established.

From an examination of these three stages Professor Hill
showed that the epithelinm of the uferus becomes converted
into a vascular syneytium, the nuelei of which arrange themn-
selves in groups in the lower portion of this layer. ‘At the same
time maternal capillaries pass up between the svneytial lobules,
penetrate the syneytial protoplasm. and form a network on
and just beneath the surface ™ (1597, p. 887).

The fixation of the embryo is brought about in the usual
way by means of the chorion.  The ectodermal portion of this
wembrane, by which actual approximation of the foetal
membranes to the uterine wall is first achieved, consists of
a single luyer of large cells by means of which the attaehmnen
is broaght about.

With the somatic mesothelial laver ot the chorion. the
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splanchinic mesoderm of the allantois fuses, and the vessels
ramifying on the surface of the allantois thus come to lie
inunediately below the layver of true chorvion. Up to this point
the development of the placenta may be regavded ag being tairly
typical, but, from now ou, the development of this organ.
aceording to Hill's aecount, results in the appearance of such
strietural peculinrities and modifications as to give rise to the
general impression that the plagentation of Perameles,
at wny rate as concerns its more intimate development. is
without purallel in the whole mammalian group.

The allantoie placenta is cotupleted * by the gradual degenera-
tion and resorption of the enlarged chorionie ectoderm cells
over the placental avea proper. These cells thus take no further
share in placental formation.” The result of this is the close
apposition of maternal and foetal blood-vessels, the two blood-
streams being “ now only separated by their thin endothelial
walls and perhaps a thin laver of syneytial protoplasm * (p. 385).

A volk-placenta is present, formed by the elose apposition
of the vaseular ares of the volk-sac to the highly vascular
aterine syneytinm ontside the allantoic placental area.

[t 18 not necessary at this stage to enter into any disenssion
as to the significance of the presence of an allantoie placentu
i Perameles other than to indicate that it has been
defimtely accepted by most embryologists, that there 18 now
no reason to doubi the common origin of Metatheria and
Futheria from a primitive placental stock, Hill says it is
‘exceedingly 1mprobable that an allantoie placenta should
have been twice independently acquived and in such a funda-
mentally similay manner within the lmits of the mammalian
class * (p. 483).

Now, ontside ithe intrinsic inferest of the presence ot an
allantoie placenta m a member of a group formerly regarded
as aplacental, 1t would be expected, on a priori grounds,
that the oeenrrence would be of importance in elucidating the
phyvlogeny of the manmalian placenta or, at least, in giving
us some means of arriving at a definite idea of the method of
placental formation in the orviginal protoplacental group.
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[t need hardly be said that in these respects the placentation
of this animal, as interpreted by Hill, is extremely disappointing.

The eombination of a persistent nterine syneytinm with
a degenerating chorionie ectoderm is without parallel in the
Kutheria, and any attempt at a comparison of the placenta-
tion of the two groups results in a deadloclk.

Although Hill's results have been accepted by many, never-
theless Hnbrecht (1909) ventures to question whether, morpho-
logically, the placenta of Perameles will not prove on further
investigation to be more comparable with some one or other
of the various placental styles found in the Fatheria. And
that there is some foundation for Hubrecht's opinion is un-
donbtedly apparent from an examination of Hill's figures
alone,

Before passing to a consideration of this question it will
perhaps be neeessary to have before us a short account of some
special details of the placentation of 1his marsupial as deseribed
by Professor Hill.

His most important and pecenliar point coneerns the history
of the foefal cetoderm. The portion of this which 1s coneerned
m the fixation of the embryo is said to disappear almost
completely, being represented in the 12-5 mm. stage by a few
scattered cells i the original ectodermal position. The dis-
appearance is stated to be of the nature of a degeneration, this,
apparently, not being inangnrated until the allantoic aitach-
ment has taken place and the allanto-chorionie fusion com-
pleted.  In the earliest placental stage (Stage ¢, 7mm.) the
allantoie placenta is already on the way towards full establish-
ment, the allantoic vesicle heing already attached to the chorion
by its placental face. Ixeellent figures are given of this stage
(1897, Pls. xxix and xxx, figs. 5 to 12).

At a Jater stage (D, embryos 8-8-75 mm.) the ectoderm has,
apparently, almost completely disappeared. In the deseription
of Btage U, 1t is stated that the cells towards the eentral portion
of the foetal ectoderm are *of a very varying size and shape,
and, in places, throngh the disappearance of the outlines
between adjacent ecells, large multinucleate cells have heen
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formed. . . . In many of the ectoderm cells shown in fig. 9
the nuelel are also seen to be in varions states of disintegration.
Many of them stain only slightly ; the nuclear membrane is
becoming mdistinet, while the chromatin is found broken up
and diffused in the form of small granules throughout the
delicate nuelear retienlum. Hventually the position of the
nueleus is only marked by a few straggling irregularly thickened
remnants, which finally become diffused through the proto-
plasm and lost to view " (p. 404). | lfalies mine.]

In this stage (embryos 8-875 mn.) the ectodern is repre-
sented eentrally, “only by more or less isolated degenerating
cells * (p. 413).

In the 12:5 mm. embryo Hill states that * over the placental
area usually single, much degenerated. and deeply-staining
chorionie ectoderm cells ave still to be found * (1899, p. 9).

From the above 1t appears that one of the causes of the
disappearance of the ectoderm is the loss of the chromatic
constituents of the nucleus, these being absorbed into the
surrounding ey toplasm.

As to the other possible reasons for the presumed degeneration
and disappearance of thig ectodermal layer, Hill states further
that, In somwe cases, *the inner ends of the cells are greatly
vacuolated, a fact which suggests that a process of vacuolation
may also play a role in the retrogression of the chorionie
ectoderm * (1897, p. 404).

Further, referring agam to this layer, he is *inclined to
believe that the allantoie capillaries, so closely related to its
inner surface, are hy no means the least active agents in effecting
its vemoval.  Of direct fusion of the degenerate ectoderm wilh
the wnderlying syncytium there can be no question. All the facts
negative such a view’ (1897, p. 404). |Italies mine.]

From the above 1t appears that Hill is of the opinion that
the layer of chorionic ecetodernmy disappears, and that the
following processes mutually asgist in causing this removal :

{a) Degeneration in situ with or without vacuolation.

{(b) llemoval by allantoic capillaries with or without previous

degeneration.

NO, 265 K
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Thug it is definite enough, according to Hill's views, that
the chorionic ectodimn takes no sharve in the formation of the
placenta proper.

The completion of the placenta is brought about by the allan-
toie eapillaries coming into intimate relationship with the
maternal capillaries raanifying on the surface of the maternal
syneytium,

The above is, I win inelined to think, an accurate précis
of Hill's results. His interpretation of the facts and his
strongly-expressed opinion that there is nothing of the nature
of a fusion between the foetal vetoderm and maternal tissue
has given rise to the idea—almost generally aceepted—thal
the placentation of Perameles is of "a peculiar type not
met with anywhere else ™ (Jenkinson, 1913, p. 216).

The correctness of Hill's conelusions has been questioned by
A. A, W. Hubreeht in his famous essay on * The Early Onto-
genetic Phenomena in Manunals © (Hubveeht, 1009).

Hubreceht's eriticism:e—

"The opinion of this gifted investigator was arived at evidently
on somewhat theoretical grounds, but he was confirmed in his
ideas by an exammmation of material placed af his disposal by
Professor Hill. 11 is dwmportant to anderstand Hubreeht's
standpoint thoroughly. beeause, in wy opinion, it is to some
extent justified. e believes that the foetal cetoderm, so
far from disappearing, penetrates into the maternal svneytmm
to form a *mixed svnevtinm *, corresponding to what Schoen-
feld has deseribed (1903) for the dog. “The Perameles
placenta may be said to be a somewhat sipler—be

anse
thinner—form of placenta than that of the Carnivora,
but at the same time to approach more closely to that type ;
whereas amongst the lTuscelivora, Sorex provides us
with an example of a yet more extensive proliferation of the
nterial aterine epithelinm before the allantole attachiment
of the blastoeyst comes about than even Perameles,
At all events, the plagentation of Perameles, characterized
by so intimnate a fusion between foetal and maternal elements,
should never be classitied amongst those forms of placenta
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whieh are either primarily primitive (as yet unknown to us)
or geeondarily simplified (Ungulates, Lemurs, Cetacea,
&e.) T (1909, p. 117).

With similar material before eanch of them hardly could two
authors come fo more different conclusions, Whereas Hill is
of the opiniou that there is no interfusion of maternal and
foetal tissues other than that cansed by the intergrowth
of allantoie tissue—which is comparatively insignificant—
Hubrecht is just as emplatic that an invasion of the maternal
syneviinm by the foetul chorion does ocenr and that therefore
the type of placentation in Perameles corresponds elosely
with that of some of the Futheria, notably the Car-
nivora.

Interpretation ot Professor Hill's Figures:—

Without as yet adducing any evidenee from my own material,
[ may be permitted to say fthat from the evidence of Hill's
figures alone there appears to be a considerable defence for
Hubrecht's stundpoint in this matfer,

According to Hill's account (1897, 1899) the histology of the
placental aven is extremely siple.  With the exeeption of the
syneytial nuelei, endothelia]l nuclei, and lencocytes, the only
clements of this region are the eells of the foetal chorion.
which in no case enter into the constitution of the placental
thickening but degenerate and disappear.

With this interpretation before us it will be possible to
proceed to examine his figures, particularly those of Pls. xxix
and xxx, figs. 7. 8, and 9 (1897), representing portions of the
placental area with the chorionie ectoderm attached. These
figures are all representative of Stage C (7 min.).

As Hill bas shown, there is a marked difference in the condi-
tion of the chorionie layer dependent more ov less onits distance
from the centre of the fixed area. In general terms it may
be stated that the farther from the centre of the attached aren
the less alteration is evident.

Fxamining Pl xxix, fig. 7, representing the edges of the
placental aren of Stage C, it will be seen that the ectoderm is

K2
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almost intact throughout. At certain loealized points, however,
the ectodermal eells are deeper than the average. Some cells
have become multinueleate and the nuelel are in many cases
gifnated basally, suech cells being deepened considerably com-
pared with their original condition. Below the ectoderm the
syneytial nuelel ave arvranged in their lobules, These nucled
are rounded, and although membranate the chromatic contents
are spare.  Bach nucleus contains usually o well-defined
mueleolus.  Examination of the svneytial nueler of the extra-
placental area shows fhat the suppression of the chromuiin
confents and the presence of a single romnded nueleolus is
a general chavacteristic.  Fven with iron-haematoxylin staining
only a very faint network ean be made out. It is quite other-
wise with the nucler of the cells of the ectoderm layer. A refer-
ence to Hill's PL xxx, fig. 9, will serve to show that the nuclei
of these cells contain quite a well-developed chromatin networlk
with a number of karvosomatic nggregations, even as many as
halt a dozen in some cases. Further, these nuelel are seldom
gpherical, buf irregularly elliptical. ovalish, or lenticular, and
generully of large size,

The difference in shape and listological characteristics
between these and the syneytial nnelei is wost marked, and
m my preparations they ean mmmediately be digtinguished from
one another.

Bearing in mind, then, the difference between the rounded,
bead-like, maternal synevtial nuclei—* typical resting nueled *
now congregated in groups in the syneytial lobules whether
within or without the placental ares—and the more robust
laver of irvegularly-shaped nueclei of the foetal eetoderm, each
with its network of easily-stained chromatin, it will be possible
to follow ont their migration and rearrangement in s general way.

In Hill's PL xxix, fig. 7, which represents a marginal
portion of the placental area with the chorion attached (embrvo
T m.), the foetal ectoderm (¢h.ect) is apparently complete
and unbroken, while on the lower side of the figure are
the syneytial lobnles containing groups of gyneyvtial nucled.
Between these two sets of elements are to be seen a number of
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nuelei of the origin of which nothing is said by Hill. Apparently
he leaves it to be inferred that they are of the nature of synevtial
nuelel whieh have not vet reached the Iobules.

[n my opinion 1t is quite definitely indigated that these nuclei
originate from the foetal eetoderun through its active prolifera-
tion, and such centres of proliferation are to be seen in this
tignure. It needs, I think, no other evidence than that of Hill's
fig. 7 to show conclusively that such a process of proliferation
1% 111 Progress.

Any possible doubt, however, wmmst be dispelled by an
examination of figs. 8 and 9 of PL xxx of the central portion
of the placental area. These are drawn at a greater magnifica-
tion than fig. 7, and show the features I have indicated above
with wore certainty. [ eannot see thal any other conception
than the one 1 have suggested can be possible.  Particularly
1s this evident 1 the case of fig. 9. Here a most active prolifera-
tion and migration of the chromatically rich trophoblastic
nuelel is quite apparent.  They have so far advanced as to
invade the syneytial lobules.  In the latter position the original
maternal epithelial nueler are being overwhelwmed by the ad-
vaneing ranks of foetal nucler.  In some cases but one or
two trophoblastic nueler have entered the syneyiial nesis; in
extreme cages maternal syueytial nuelel appear to be entirely
absent, their place being taken by the newly-arrived, evidently
phagoeytic, foetal nuclei. One resnlt of tlus 1s that the original
chorionie ectoderm is now no longer a perfectly diserete layer.
Another is the inclusion of the waternal capillaries by the eyto-
plasm of the advancing trophoblast and their consequent
approach towards the stratum of allantoie eapillaries.

The above statements being granted, 1t will be easy enough
to apply the new interpretation to the remainder of Hill's
stages and figures. Lo the further consideration of this 1T will
return In the deseriptive portion of the present paper.

(iland Alteration.—There is still, however, one point to
which I would Iike to draw attention at this stage. Lt concerns
a drawing of a gland in Pl xxxi, fig. 18, one of Hill's many
figures in which a gland 1= depicted, In the whole of the paper,
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no mention is made of any gland alteration, nor would any such
be likely to oceur nnder Hill’s conception of a degenerating

chorion with a passive syneytinm—yet disfinet traces of such

alteration is evident in this figure. Tt will be seen that up to the
point whece the gland enters the presumable syuneytiom its
epithelimm cousists of the somewhat low enbical cells so eharac-
terigtic of many of the glands of this stage. From this point to
the opening of the gland, however, there is abnndant evidenee
of degeneration. Apparently this consists of o synevtialization
gimilar to—thonugh not us marked ss—that ocewrring in the
Carnivora. It wag the evidenee of this phenomenon in my
own material which first drew my attention o the possibility
of the oceurrence of o more complex process in Perameles
than was deseribed by Hill, and in itself lends sufficient colonr
to the view T have expressed above that fhere is something
more to be reckoned with in the placentation of {lis animal
than a simple degeneration of the foetul eetoderm.

Aceepting the fact that the trophoblust of the placental area
i Perameles proliferates and that the nterine epithelinm
after a preliminary preplacental extension remams afterwards
passive, then we can come fo the econclusion that placental
phenomena In Perameles can now bhe brought more or less
into line with similar phenomena in the Futherian maymnals,
Here, further, T may be allowed to state that 1 will be able to
show by the aid of wy own material that the chorionic ectoderm
after attachment proceeds to form by prohferation two
slruefures :

(m) a plasmodiblast, plasmoditrophoblast. or

plasmodium,

(h) a eytoblast or cytrophoblagtl,
and that Hill failed to recognize the presence of the plasmodi-
hlast nueled, the structure whieli he ealls the chorionie cetodern
being really only the eytoblastic portion of that layer.

3. MArERIAL
At my disposal for the examination of the foetal membranes
of Perameles, I have two intra-uterine stages both of which
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are important.  The younger one, a specimen of Perameles
ohesula . shows the first fixation of the chorion; the older one,
which belongs to the Tasmantan form, P. gunni, 18 a stage
in which the first attachment of the allantois 1s m progress.

Both specimens were preserved in Hill's fluid (picro-nitro-
aceto-osmic), Secfions were stained, sometimes with Ehrlich’s
haematoxylin, sometimes by the iron-haematoxylin method.
counter-stained in each case by means of cosin.

[n addition, T have been able, by the courtesy of Messrs.
1. Harrison and B, A, Briges of the Zoologicul Department
of the University of Sydney, to refer to several excellently-
preserved sections in the collection of that department and
representing some of the material mounted by Dr. Hill of the
stages deseribed fu his paper. This very tmportant collection
is as follows :

Perameles ohesula, 7mm. stage, one microscope slide
containing one representative seetion of the aterine wall.
showing the placental and extraplacental areas and the attach-
ment of the allantois.

Perameles obesula, 125 mm. stage, one slide with five
gections similar to the above.

Perameles nasuta, post-partum stage, one slide with
one section.

All the above are stained with haematoxylin and cosin.

Hill's Stage D, representing embryos 8-8:75 mim.. is, unfor-
tunately, not represented in the Sydney University collection.

4. TERMINOLOGY.

The expressions * omphaloplenre *, * vaseular omphalopleure °,
and * bilaminar omphalopleure ' first used by Hill are so eon-
venient and expressive as to need no apology for their continued
emnployment.

The term * chorion ” or * trae ¢horion” will be used by me
in the same sense as by Minot and Hill to indicate that part of
the extra-embryonic somatopleure which remains after separa-
tion of the amnion.

I will follow the example of most embryologists n using
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Hubrecht's term * trophoblast * for the outer vetodermal layer
of the mammalian blastoeyst without, however, associating
it with the more recent theoretical and hvpothetieal meaning
with which Hubrecht has invested it.

[ shall also use Minot’s expression * trophoderm * for that
portion of the trophoblast whieh proliferates and enters into
relutionship with the maternal epithelinm.  As will be seen
later, this, in Perameles, undergoes changes comparable
to those oceurring in the Hutheria. Similarly we find
a complementary structure, the maternal * frophospongia *, used
to indicate (Hubrecht, 1909) ° maternal eell proliferation,
speclally intended for the fixation of the blastocyst .

5. Descrirmivie Accoust or Marriial.
Stage 1. Perameles obesnla, 6-1 mm.

This is perhaps the most important stage which has vet
been examined in the placentation of Perameles. Its
mvestigation definitely  shows the fundamental connexion
between the placentation of this animal and that of the
Eutheria.

The specimen of Perameles obesula, on the examina-
tion of which the following acconnt is based, was trapped by
myself some miles from a small town in the Tasmanian midlands.
It had apparently been dead in the trap for about an hour, but
no sign of post-mortem change was to be detected. It was
dissected on the spot and both uteri were found to be swollen.
Conditions at the time made any dissection of the uteri inadvis-
able. They were opened slightly and placed in fixing solution
(Hill's fluid). Tater detailed examination showed that the
uterus of the right side was pregnant, but, unfortunately,
the delicate foetal membranes had been somewhat damaged.
The general condition was that the chorion was already
attached fo the uterine synevtinm over a small area, but that
the allautois had not yet come into relation with the eonjoint
layver so formed.

Pregnant Uterus.—This was found to contain an
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embryo of 61 mm. direet length. attached to the uterine
epithelium by a portion of the true chorion.

[n the uterns the allantoie placental arvea at this stage is
distingmishable by the fact that its swrface is marked by folds
noticeable at onee by their depth and distinetness.

To one of these folds the foetal trophoblast is attached,

Seetions show that the uterine epithelimu hag become con-
verted by loss of cell outlines and by proliferation and migra-
tion of the rmelel inito o syneytinm as desceribed by Hill.

L will progeed first to give a deseription of the maternal
structures afterwards passing to those more coneerned with the
embryo.

Morphology of the syueytinm.—This varies groatly
in character according to the locality in the uterus. Over the
main wall of the uterns the syneviimmn is thin, 0-085 mm., while
in the region of attachment of the trophoblast it measures as
near as ean be judged about 0-07 mmu.

In the allantoic placental region it 1s that the complexity
of the syneytimn has reached its maxinmum.  Here, as Hill
has alveady shown and as happens over the remainder of the
aterns to a less degree, the nuelel of the original epithelium
have proliferated and migrated to the deeper portion of the
laver, which has now warkedly thickened. The rvesnlt is the
formation” of a syueytinm in which the deeply-sitnated nnelei
assume a particular form and arrangement.  These nuelei
hecome aggregated wainly n rounded masses ov nests situated
it lobular projections of the synevinl protoplasin.  The lower
surfage of the synevtinm has a wavy appearance due to the
presence of these lobules.

The syneytial nuclel at this stage are rounded with a well-
defined membrane, a distinet nueleolns, and indetinite ehromatin
network which, however, is shghtly more evident than it s in
later stages. Their lack of staining qualities makes them easily
distingmishable from the newly-formed trophoblastic nuelei.
Careful nvestigation of the arrangement of the epithelial nuclei
in cach lobule shows that, when fnally at vest, they are more
or less definitely arranged round a central cavity. This arrange-
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ment 18, I many cases, somewhat irvegular, as is shown
figs. 1 and 2 (eav.), hut a glanee at the further fig. 8, which
depicts qmite a common arrangement, will show that in many
cases the syneytial nuelei come fo form a more or less defimte
layer round the central space,

The latter becomes filled by infiltrated lvmphatic materal

(fig. 4, anf.), which m fact s copiously distribnted throughout
the syneytimm in and between the lobules. At this stage also
the syneytinn is well vascularized, each capillary being enclosed
in its delicate endothelial layer.  Bndothelial eells and leuco-
evtes are a wellmarked feature of the synevtimn,  They will
be reterred to m onore detail later on,

The synevtium outside the allantoie placental area gradually
decreases - thickness,  In the region opposite the bilaminay
omphaloplenre the arrangement of the nuelei is essentially
groups similar to those of the placenta area, yet these aggrega-
tions are not so distinetive nor so individual ag in that area.

This portion of the uterine epithelium is also extremely well
supplied with eapillavies. many of which reach the snrface,
Liyiph also finds its way into the nterine himen through the thin
portions of the uterine epithelium between the ill-defined
synevtial nests.

Lencocytes are also present in this region but not nearly so
plentifully as in the allantoie placental area.

Remainder of the Mucosas.—The main portion of this
consists of the much-branched connective-tissue cells, the
branches of which are extremely delicate and contain in their
meshes abundant Ivmph material. T the stroma are contaimed
glands and blood-vessels, and around these the conmeetive tisgue
is condensed to form o thin investing layer.

One featare of this stage iz that the glands in the allantoie
placental region are narrower and more elosely packed than m
the vemainder of the mmeosa. No doubt prolferation of the
glands has occurred. their length has inereased, and their
courses beecome more fortuous without there being as yeol
a sufficiently accommodating inerease in the thickness of the
mueosa.  They measure in this region, on the average, -05 min.
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in diameter while outside this region the average width is
0-065 . A result of this 15 that the mncosa of the former
region has a more compact appearance than in the Iatter.
Another feature to which attention should be drawn is the
preseuce of at least one hranched gland, a photograph of which
is shown in fig. 10 and an outline, obtamed by superitmposing
w mumber of seetions, in Text-fig. 1. This figure by no means
represents all the branchies of the gland.  This, I helieve, 1s the
first record of any hut shuple glands in the marsupial nterus.

Texr-Fia, 1.
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Diagram of a branched gland from the uterine nmucosa of
Perameles:

In all eases the glands in their Tower portions are narrower
and more coiled than in the upper. where in general they widen
out and retain their epitheliim unehanged up to the point of
opening into the uterus. This latter characteristic, however,
is not shown by glands opening into that portion of the syne
eytium to which the chorionic ectoderi is attached.

The gland epithelinm is of the usual character, consisting of
a single layer of cells with peripherally situated dark-staining
nuelei.  The seeretory activity of the glands is most marked,
particularly i the allantoie placental urea.  Migrating through
the glandular epithelimm, to be added io the seeretion, are
numbers of lencoeytes.

Abundant in the connective fissne of the placental regions are
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cells containing pigment in the form of black streaky and
gramular deposits.  These eells ocenr thronghout the whole
wall of the uterns. They are very abundant in the serosa
and are found distributed through the museularis, the eonnee-
tive tissue, and the glandular epithelivm. Such pigmented
cells have often been noted in the virginal and pregnant uter
of Eutherian manimals.

Foetal Struetures.—In general the arrangement and
histology of the foetal membranes are in agreement with the
deseription given by Hill, and I find I can add nothing of
unportance to his deseription of these structures.

Allantois.—The vesicular portion of this is a somewhat
Hattened body. taking, however, a curved shape corresponding
to the dorsal curvature of the trunk of the embrvo. In surface
view it is somewhat elliptical, measuring 5 mm. by 31 mun.
The point of attachment of the stalk is placed a little nearer
the posterior than to the anterior end of the vesicle. The
difference in thickness and texture between the placental and
coelone surfaces of the allantois is ensily seen with the naked
eye.  The coclowie surface is an extremely tenuous sgheet
bearing the larger blood-vessels, while the outer or allantoic
surface is more opaque and abundantly supplied with a network
of capillaries derived from or supplyving vessels which pass round
the margin in the manner deseribed by Hill. For a full deserip-
tion of these allantoie vessels [ would refer the veader to Hill's
account. The allantoie stalle has the nsual relations and
struocture,

Fixation of the Kmbrvo.

The importance of this stage rests on the fact that, over
a very small area. the trophoblast is now attached to the
thickened maternal syneytinm (frophospongia).  This
portion of the foetal ectoderm is, of course, the outer layer
of the chorion, which consists, in addition, of somatic meso-
derm., The Iatfer is o thin mesothelial layer consisting of
flattened cells with oval, somewhat deeply-staining, nuclei.

The chorionie ectoderm typieally consists also of a single
cell-layer ag it undonbtedly does in the margmal free portions.
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Over the ares of fixation to the uterme syneytinm, however,
an important and highly significand alteration has been im-
pressed npon the ectoderm by whieh it becomes converted into
a typieal trophoderm (Minot) or ectoplacenta (Duval)
so characteristic of this layer in the Eutheria,

At eerfain points in fhig portion of the trophoblast, cell
proliferation takes place. The cells of the original layer divide
to give rise to nucleated groups in which the cell outhines have
disappeared.  These eytoplasmic aggregations possess an
irregular contour due to the presence of pseudopodial pro-
cesses, so there is distinetly present here a layer defnntely
homologous with the plasmodial structure (plasmodinm,
plasmodiblast, or plagmoditrophoblast) so charac-
teristie of the placentation of the Kutheria. The appear-
ance of the plasmodiblast at this stage is shown in figs. 4, 5,
and 6. At various points the plasmodial nueler mvade the
uterine syneytinm. The soldering of the foetal trophoderm fo
the maternal synevtium 18 brought about by the above-
mentioned psendopodial processes, in the meshes of which
numerous spaces are enclosed.  The remaining basal cells of the
tropboblast layer form the eytoblagt or evtotropho-
Llast. This is by no means at first a definite cell-layer. It
s apparently not il a lLittle later that the basally-situated
nuelei divide in a regular way to form the more definite cellular
layver known as the eytoblast.

A point of the greatest significance, and one to which I shall
later refer, is the fact that the localities of proliferation are
determined by the presence of the svuevtial nests, and 1t is
mto these that the plasmodial masses pass. Fig. 4 shows this
phienomenon, while 1t 1s also indicated n fig. 8. In whieh,
however, the nests are not quite eat cenfrally. The effeet of
the growth of the attached trophoblastic cells on the maternal
structnres is shown in figs. 4 and 7. In fig. 4 the chorionic
octoderm cells show but Iittle departure from their original
linear arrangenment, but have already begun fo give off pseudo-
podial processes which immediately phagoeytically attack the
syneytial nucler of u neighbouring syneytial lobule, only part of
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whieh latter 18 shown in the drawing, Only the nuelei of the
nest outside the range of attack are seen fo preserve their
original shape and strocture, the others being in the state of
degeneration.  Apparently this consists in the loss of eontour
throngh the breaking down of the nuclear membrane followed
by loss of chromatin and virtual disappearance. Figs. 5 and 6
show stages m the proliferation of the chorioniec eetoderin
cells.  In all cases they give the impression of thrusting forward
wedge-shaped plugs which penetrate into the aggregations of
maternal nuclet.

There happens to be but oue gland present in the small
area fo which the trophoblast is attached at this stage. This
is shown in fig. 7, which depiets a section through the actnal
opening of the gland. Its aterine month is seen to he blocked
by the overlying chorion, the ectodermal portion of which may
now be regarded as forming fwo distinet portions, u basal
portion, the cyvioblagt (eyt), and a plasmodial portion, the
plasmodiblast.  The growth of the plasmodium has extended
a considerable distance, particalarlv on one side, where the
protoplasmic processes have cansed degeneration in the gland
epithelinm eells similar to that which oceurs in the maternal
nuelel.  Here, as before, the nuelei have lost their eontonr.
bheir position in the cell-line, and their chromatin,  They
decrease in size and disappear, being evidently ingested.
Farther degeneration of the gland-cells is foreshadowed by
the presence of proloplasmic processes involving them. Also
i this figure will be seen remmnants of synevtial nuelei and other
romains, hacmatids and leucoeytes.

That the cells of the plasmodiblast arve phagoeytie canmot be
doubted.  Their effect on the synevtial and gland wuelel is
some evidence of this, but the presence of nmmerous rounded
granules such as those shown to the left of lig. 7 (ing.) and ot her
cellular débris makes the matter certain.

Pigmented cells are present in the trophoblast.  This pig-
ment is black and is arranged either as minute granules or as
an aggregation of streaky lines, usually in the neighbourhood
of the nucleus.
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From the above acconnt it will be evident that the method of
fixation of the embryo to the uterine wall in this marsupial
is fundawmently shnilar to the general type oceurring in the
Futheria. I for example, the figures of this stage which 1
have given (Hgs, 4.5, 6, 7, 29, and Text-fig. 4) be compared with
the essentianlly similar drawings of the eomparable phenomens
rocorded by Schoenfold for the dog (1903), (PL xxn, figs, 14
to 17) (see Text-fig. 3). it will be seen that the difference in
th two forms rests mainly, in the early stages, on the behaviour
of the nterine epithelium. This, in the dog, rernains as a distinet
laver wntil it undergoes degeneration as a result of the mmroads
of the plasmodiblast.

The Non-pregoant Uterus.—This was examined in
soctions and found to have undergone changes corresponding
to those which had ocewrred e the vight.  The ovary of this
side, however, had a well-developed corpus Infeun. | will,
therefore, not enter into a detailed deseription of the structure
of this wierns further than fo mention the following

The epithelinm has developed info o syneytinm abundantly
supplied with capillaries. many ramitying on the swrface, some
of which discharge their blood hv extravasation into the
lumen. A poind of iuterest is the fact that, on the dorso-
mesial side of the nterus, the syneytinm is somewhat thickened
and the mucosa is here developed into deep folds. Al s edges
this thickening passes off gradually into the rest of the syney-
tium.  This thickenad portion possibly represents the maternal
trophospongia.  Throughout the whole uterns the glands
show no degeneration. They are in an active state of secretion
and the inmer ends of the gland-cells arve torn and frayed out
throngh abundant breaking off of cellular seeretion.  Cilia,

therefore, are not to be found

(@) Significance of the Uterine Syneytium
in Perameles.
Proliferation and synevtialization of the uterine epithelinum
1s o well-marked feature of maternal prepuration for allan-
toic placentation in many Butheria. In many cases the
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preparatory proliferation is soon interfered with by the destrue-
tive action of the blastocyst on the uterine epithelium.

Hill (1897, p. 393) institutes a comparison between Pera-
meles and Sorex i the matter of the prohferation of the
uterine epithelinm.  As a consequence, however, of his belief
i the degeneration of the chorionic ectoderm and the
persistence of the nterine epithelivnn i Pervameles he
could not ecarry the comparison far enough.

In Sorex, Hubreeht states that over the future allan-
toidean and omphaloidean placental arveas the epithelium
undergoes a tremendous proliferation and developrment into
a coll agaregate of reladively great thickness,

The history of this maternal formation in the allantoic
placental aven of Rorex s, I think, worthy of particular
consideration and of comparison with what happens in
Perameles. Hubreeht shows (1894, p. 492 seq.) that, in
the shrew, the nuelei of the epithelial proliferation become
arranged M fan-shaped  groups at  comyparatively regnlar
distances, the centre of ecach group being without nucle
(1594, fig. 69).

“In the following stage ', says Hubrecht, * this arrangement
becomes converted into a funetionally more Important one.
The centre of the fan-shaped strueture becomes an open erypt.,
the protoplasi breaking up aud the peripheral nuclel forming
the epithelial Hning of the erypt.  The uterine epithelium
breaks away from under the crypt and the mner hining of the
crypt solders with the surrounding epithelinl surface at the
lower horder ™ (p. 493).

It 15 guite vasy to sec the resanblance between the shrew
and Perameles in respect of the phenomenon here deseribed.
In both there 18 intense epithehal proliferation, particularly
in the placental area. The resulting nuelel or cells are in both
arranged in nest-like groups.  While . the bandicoot these
groups remain practically unaltered, in Sorex they ave
transformed nto epithelial erypts.  Nevertheless, as I have
shown above, the proliferated nnelei in Perameles
take on a more or less definite arrangement as
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a layer bounding a ecentral space. This is indicated
in figs. 1, 2, and 3, whilst in other figures, 4, 7, and 9, I have
drawn attention to the fact that the trophoblastic proliferations
bear a definite relation fo the groups. Particularly in the next
stage. it will be seen that the foetal nueled invade and fill the
nest. with consequent more or less complete disappearance of
the maternal nuelei.  Under these eirecumstances it does not
require any extraordinary streteh of imagination to recognize
in this highly characteristic and nmportant phenomenon the
remains of a mmeh more elaborate systemn of placental forma-
tion. The conclugion 1s certainly olivious to wme that here in
Perameles, in the formation of the peculiar syneytial
groups, there 18 to be recognized an abortive attempt at the
formation of crypts sueh as ocenr i the placental arca of
Borex, and further, while in the latter ervpt-building is con-
fined to the placental area, in Perameles the comparable
phenomenon oceurs at all pomnts of the nterine epithelium,
although in a lesser degree opposite to the omphaloplenre
than in the placental area.

(by General Remarks on the Pixation of
the Emhbryvo.

Here it will be convenient fo interpolate a few remarks on
the method of tixation of the blastoeyst and on the general terms
nsed to express the nature of the structures taking part in if,

Fixation i1s brought about in Perameles as in others by
the junetion of a cireumseribed portion of the trophoblast,
the chorion, with a corresponding area of preplacentally
proliferated maternal tissue, the trophospongia,

There is a fundamental difference in the character of the
two uniting lavers—the foetal being an active, the maternal
a quite passive layer. To a mobile, virile formation of the
former type—ot foetal origin—the general ferm plasmo-
dinm 1z appled, while the corresponding multinucleate
structure, of maternal orgin, usually acting as & pabulum
for the foetal plasmodium, is known as a syneytinm (see
Schoenfeld, 1903).

NO. 2656 L
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It is evident enough that in all cases of placentation where
the uterine epithelivm is not immediately destroved, the area
of fixafion consists for a longer or shorter time of a conjoint
layer of foetal and maternal epithelia, each having the charac-
teristies outlined above, Development of the former and
degeneration of the latfer proceed m Perameles side by
side, and it would be convenient if a single expression could
be coined to denote the composite laver consisting of the
bwo. No convenient term secms fo exist, and 1 propose to
nse the name * diploplasma ™ to indicate the conjoint layer
consisting of foefal chorionie ectoderm and waternal tropho-
spongia.

The diploplasima consists in Perameles of three zones,
Along the line of junction of foetal and maternal tissues, the
gyneytinm i1s andergoing degeneration and resorption by the
plasmodium.  Sueh o degenerating syneviimn s called a
symplasma (Schoenfeld, 1903), a term which can be correctly
applied only to maternal structures of a degenerate nature
contained in the plasmodinm.  Reecently, however, Willey
has suggested 1ts use {o indicate the junetional portion where
there is an Intimate anixtore of aclive foetal elements and
degenerating maternal material,

Aceepting this suggestion (Willey, 1914), the three zones of
the diploplasia in Perameles consist of the following :
n widdle junetional laver composed of mixed foeto-maternal
tissue (symplasma) with, on one side, a pure laver of foetal,
and on the other side, pure maternal material,

The foetal portion differentiates early into a basal layer.
the eytoblast, and a plasmodial laver, the plasmodiblast.
Contrary to what has beenstated by Willey for other mammals,
the eytoblastic layer i Peramelesis well in evidence hefore
the time of attachment of the allantois.

The plasmodiblast has a twolold duty eoncerned with
(r1) attachment, (h) nntrition. Both functions ave performed
with the aid of root-like psendopodial processes which attack
the maternal elements converting them into symplasmatic
débris which is mngested.  Such nutritional material is passed
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on to the eyfoblist, the cells of which exercise a secretory
and selective réle.

The eytoblast 1 ppears to have as one of its duties the ampli-
fication of the arca of attachment. Cell ontlines are always
distinet heotween the eytoblastic cells due to radial divisions.
These result in the formation of new ecells and consequent
inereage of the aron of attachment. As a result, now marginal
wones of plasmodiil formation are hronght imto being, and these
attack fresh sources of nutrient material in the maternal
trophospongia.  his areal increase iz subjeet, of course, to
certain limitations, and in Perameles, as will be seen
later, the growth o thickness of the plasmodial formation is
determined also - the thickuess of the proliferated maternal
epitheliwm.  Inx
plasmodiblast extonds wmush further, even in sowe cages ns far

ay wmammals, however, as 15 well known, the

a8 the museulari. consing the degeneration and disappearance
of practically all Lie gfructures in its track,

A second funciion of the evioblast ecells is, as indicated
above, the elaberlion of a seeretion which is passed into the
extra-emnbryonal coelome.  They therefore exercise a certain
selective capueil - on the material passed to them by the
plasmodiun.

Abundant evidonee of this secretory activity is to be seen in
sections, the actio | secretion being easily observed. From the
ahove 1t will be on that strueturally and physiologically the
proliferating tropliablest of Perameles over the allantoic
placental area is  vile comparable with the corresponding layer
in the Euther:

Stage ©. Perameles gunni, 66 mum.

The specimen 1 which the following deseription is based
was brought to 10 by a trapper on September 17, 1919, about
two hours after g lrapped. Both uter: were swollen and
found to he pregnont.  The left uteras after being opened was

fixed in Hill's 1luid, and the whole uterus with embryo in
situ was later £ o lioned.
The right utorns was examined in salt solution. It was
L2



148 T. THOMSON FLYNN

carvefully slit open along the ventral side without any injury
to the foetal membranes. It was noted that althoush there
was & eclose apposition of the yolk-sae wall to that of the
uterns, the folds of the former fitting into the hollows of the
latter in a very intimate way, vet there was absolntely no sign
of fusion or organic counexion. It will be remembered that
Hill, at first of the opinion that there was a protoplasmic
connexion between the volli-sae wall and the uterine syneyvtinm.,
found later that this was not the case.

In the case of P. gunni it was possible by means of eareful
manipulation to make out the details of the yolk-sac eireulation.

This, at this stage, is in a state of considerable activity,
a condition no doubt to be correlated with the fact that the
allantoic placental connexion and circulation is now just on
the way towards completion and definite establishment. By
removing the lower portion of the bilaminar omplalopleure
and reflecting the remainder over the embrvo o full view of
the vaseular avea was obtained, and the whole course of the
vessels could be made out in detail.  After these had been
sketehed and photographed the lower portion of the volk-sac
was removed, whereupon it was found that the connexion
between allantoic vesiele and uterus was so slight that the
whole embryo with its allantois eould be removed intact. The
pomnt of attachment was visible i the case of this embryo as
a somewhat central raiged area on the placental surface of the
allantoic vesicle. The elevation of this area wus due to the
adherence of a slight amount of maternal tissue brought from
the uterine wall,

This heing the only pregnant uterns of P. gunni so far
known, I may be excused from entering with some detail into
the deseription of the relation of the embryonic and maternal
structures.

General Relations of Embryo and Uterus.
Foetal Membranes.—These agree essentially in their

arrangement with what Hill has described for other species of
Perameles., For that reason 1 will eoncern myself in the
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following account only with those features which seem to be
peculiar to the Tasmanian form.

The Allantois,—This agrees in all respects with that of
other species.

[n the vesicle the distinetion between the outer or placental
wall of the allantoi¢ vesicle and the inner or coelomic wall 1s
ohvious. A feature worthy of nofe is the somewhat dense look
of the ullantoic vesicle in surface view. This is due to the thick-
ness of its walls, the mesodermal layer of which is much denser
and thicker than in the species examined by Hill.

The Vascular Omphalopleure.—The vascular om-
phalopleare (fig. 23, v. omph.) is essentially similar in structure to
that of other species. It is, however, as well to point out that
the tenuity of the ectodermal layer of this area, on which Hill
laid so much stress, is not so pronounced o feature in P. gunni
as i the forms examined by bim. [t s, however, still much
thinner than in Didelphys (Selenka, 1886-7). In P. gunni
the ectoderm eclls are somewhat colnmuar with ovalish nuelei,
basally situated. The free end of the cell-body is frayed out into
pseudopodia-like processes.  In the vasenlar omphaloplenre
is contained a large proportion of the extra-embryonal vascular
system which in the stage under diseussion forms a vascular
absorptive organ of some complexity and size. No marsupial
so far deseribed appears to have a yolk-sac ecircnlation of
such an elaborate type as is characteristic of this stage ol
P.gunni.

Bilaminar Omphaloplenre (fig. 23, bil. omph.).—This
of course consists of two layers, trophoblastic ectoderm and
volk-sac entoderm. The histological details of a portion of
this wall are shown in fig. 22. It will be scen that the ecto-
dermal layer consists of cells which are large and are remarkable
for the immense amount of vacuolation which oceurs in their
cvtoplasim.

These vacuoles are of all sizes occupying in the aggregate
almost the whole of the interior of each cell, separated from one
another by thin bridges of protoplasm in a speeclal condensa-
tion of which the nucleus is contained. The outer ends of the
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cells are often rounded, but in other cases possess an irregular
profile suggesting the presenee of pseudopodinl processes.

No doubt the vacuolation of the ectodermal colls of fhis
regionn of the blastoeyst i3 to be associafed with an active
absorption on the part of these eells of carbohydrate (? glveogen)
i process of being transferred to the cmbrio per medinm of
the yolk-sac. The cells cdosely resemble the olveogenic cells
fignred by anthors for certain other wanmuma!s (e, g Jenkinson,
1902, 1. vi).

The entoderm of this vegion consists of a laver of cells
somewhat darkly staining with haematoxvlin,  These are
sometimes rounded. sometimes Hattened. have found the
entoderm eells oceasionally slightly vacuoleiod m the manner
deseribed by Hill for his species.

It s o well-known fact that the vacuoliiion of cells con-
cerned in embryoirophic processes varies ovcatly at different
stages. Hill found that the entoderm colls of the yolk-sae, but
glightly vacuolated in early stages, became greatly so in his
12:5 mm. specimen.  Thiz he regarded as a forernmmer of
degeneration, but I rather think it 18 to be o sociatod with the
active absorption and internal transmiszior by the volk-sac
wall of substances (probably carbohydrats’ secreted by the
mother and destined for the nutrition of the loetus,

The Yolk-sac¢ Placenta.—As stafod above, this is
brought about by ithe mtimate apposition of the vasceular
omphaloplenre to the extra-placential portion of the uterine
wall. Fig. 23 shows the details of this cirenlation and fig, 24
18 a somewhat dmgrammatic represeniatior of the area with
regard to the blastoeyst wall and the embr;

In fig. 25 most of the bilaminar owpholopleare has been
removed and the remainder of the blastor: st wall has been
reflected over the embryo. The vasenlar ario 1g therefore seen
from its inferior aspect. The anterior end of the embryo is
contained m the proamnion {(proa.), here larco and persistent.

The vitellime artery (vit.a.) 18 a very larec and thick trunk
which, atter leaving the volk-stalk, keeps af lfirst a little to the

left side of the body and passes over the sucface of the tail to
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reach the right side. Here it passes into the outer leaf, 1. &
from the yolk-sac splanchnopleure to the vasealar omphalo-
plenre. In the course of its passage along the body it gives
rise to the mumerous fine and extremely characteristic vessels
which extend in their peculiarly parallel manner into the
volk-sae splanchnoplenre which they supply. These branches
arc extremely long and pass for some little distance over into
the vascular omphaloplenre where they alternate with corre-
sponding venous factors to the vitelline ven.

Inmediately on entering the vaseular omphalopleure the
vitelline artery divides to form the sinus terminalis (s.f.).
Bach portion of the sinug passes forward and at hirst has the
usial course.  Instead, however, of passing directly forward
in the ngual way, each branch, at about the level of the fore-
limb. takes a sudden turm ventrally so that the anferior portion
of cach lateral braneh forms another enrve with a ventral
convexitv. The artery on each side unites with its fellow m
front of the head by anastomosis.

The sinns gives off to the area vasculosa a wondertully rich
plexus of hranches quite as complex or even hetter developed
than in any marsupial so far deseribed.

The peenliar arrangement of the sinas terminalis resulfs
in the division of the vascular avea on each side inlo fwo regions,
anterior and posterior, the former being somewhat smaller in
area than the latter. Bach of these arveas is drained by u
separate factor of the vitelline vein on cach side. The posterior
factor from the posterior area is the larger, and after recelving
numerous fine capillaries and branches travels along the
dorsolateral aspect of the vaseular omphalopleure, parallel to
and some little distance from its dorsal edge till the vein
reaches the height of the neck flexure of the embryo, where i
passes over into the yolk splanchnoplenre. Here it receives the
anterior factor which drains the anterior area. The branches
and capillaries which go to make up the latter arve extremely
vieh. Fach lateral vitelline vein (rit.v.) formed of the factors
just mentioned passes down and nmftes with its fellow just
before entering the body. Between them in this region is the
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permanently non-vascular area spoken of by Semon and by
Hill.

It should be mentioned that the posterior Inctor of ecach
lateral vitelline vein receives on its inner gide branches from
the yvolk-sae splanchnoplenre corresponding to the fine branches
from the vitelline artery supplying that membrane. These pass
upwards in the gplanchnoplenre, and then contiune outwards
into the omphalopleure to join the posterior fuctor as stated.

The measurcments of the vascular area ave as follows :

Across anterior portion . : ; . T-d mun.
Across posterior portion . : : . 99 mm.
Greatest length, anterior portion ! . A mm.
Greatest length, posterior portion . B TVILTR

Formation of the Allantoie Placenta in
Perameles gunni.

Various stages of this are shown in figs. 18-16, 19.

Maternal Stroetures.—The wall of the uterus is
divisible, as stated above, into two general portions, placental
and extra-placental regions.

Placental Region.—The mucosa varies greatly in thick-
ness, from 060 to 1-1 mum., due to folds in the nterime wall.
The glands are numerous, long, and tortuous, measuring in
diameter from 0:037 to 0-051 mum. They are of the nsual type,
being unbranehed and lined by a single layer of colummnar cells,
with deeply-staining nuelei, peripherally situated. 1 am not
able to detect any trace of the cilia whieh Hill and O’ Donoghue
have obgerved in Perameles. The glands are in a highly
active state of secretion, their basal portions heing filled with
cellular and other material.

The inter-glandular tissoe is extremely thin and tenuous,
but condensed where it nmmediately surrounds glands and
blood-vessels. Distributed throngh the connective tissue is an
abundance of lymph materinl.  This is particularly evident
just below the uterine epithelium, in which position there is
a space up to 2 mm. wide tilled with Iymph which bathes the
lower surface of the uterine syneytinm, Here and there this
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space 18 crossed hy glands and blood-vessels. [ have called this
space the sub-epithelial lvmph-space.  Owing to the presence
of this coagulum and the sparsity of cellular elements the
whole stroma presents a very homogeneous appearance,
Seattered through it, however, are mmmbers of leucocytes,
and here and there are sryvthroeytes which have escaped from
the capillaries by extriavasation.

Attached fo and inthmately united with the epithelinm of
this area 12 the sibryvonie ehorion.

Bpithelinm.—"The condition of the epithelial elements of
the allantoic placental mucosa shows, unquestionably, that m
P. gunni the same process of syneytialization has oceurred
as in other spocies, and that herve is a similar aggregation of
the syneytial nuelei into nests arranged in lobular masses of
the syneytial protoplasm. The distribution, as I have sug-
gested above, [ believe 1o represent an abortive attempt ab
the formation of stmple uterine crypts. Detween these nests
the capillaries and lencocytes of the remainder of the mucosa
gain aceess to the syneytinim,

The Extra-Placental Region.

Mucosa.—Iun all essential rvespeets this resembles the
muecoss of the placental area, being highly vascular and con-
taining & large quantity of lymph. Here are to be found
lencoeytes and red corpuseles, but neither are so numerons ag
in the placental portion. The glands are in an active secreting
phase and their contents—cellular detritus and other nutritive
substances—are poured into the uterine cavily to be received
into the trophoblastic Tayer of either region of the omphalo-
plenre.

The sub-epithelial lvinph-space, as such, Dbecomes less
evident the farther we proceed from the placental area and
the glands are somewhat smaller in diameter.

Syneytinm.—This has been formed by a similar process
{0 that which has resulted in the modification of the epitheliuin
of the placental area. The difference is mainly one of degree.
Thus the extra-placental syneytinm is thinuner, being about
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0:043 . opposite the vaseular omphalopleure and 0-028 mn.
oppogite the bilaminar. Similar proliferation and migration
of the nuclel have taken place but the lobular nests are much
smaller and less individual, and, further, more and more
nuelei remain outside the nests antil m some places lobules
and nests as such are searcely distingmishable.  The nuclei are
quite similar fo the syneytial nuelei of the placental area heng
ronnded, head-like, and vesicular with little chromatin.

Chorion.—Tis shows, both in the amount of area of
attachment and of prohferation, a considerable advancenment
on the condition found in the last stage. The fusion with
maternal tizsue 18 so cowmplete that the resalting layer is one
in which oceasionally there ig some difficulty in distingnishing
maternal and foetal cytoplasm. Here, as before however,
wi have the wifallible test of the difference m strueture, shape,
and fate of the maternal and foetal nueled.

The Diploplasma .—The thickness of this laver measnres
now from 0-135 1o 0-190 mm.

This inerease is due mostly to the great growth of the

o well-marked  basal

cellular layer. the cvtoblast, and a wuch thicker portion n
which eell onthines are not visible, the plasmodiblast.  The

chorionie ectoderin, which consists of

maternal portion of the diploplasina consists of the remains
of both the maternal syneytial protoplasm and of the syneytial
nuelel.  When unalteved the latfer have the characteristics
which have been before noted, viz. sinall rounded vesicles in
which the chiromuatin is suppressed but coutaiming a more or
less prominent nucleolus (see figs. 18, 14, and 19, syn.n.).
They have an exactly sinilar appearance to the nuelel of the
extra-placental area,

At this stage, however, nests are seldom found intact. In
almost every ease they have been invaded by plasmodiblast
nuelel (phae), so that by tlos time a faiy proportion of maternal
nuelel have degenerated and disappeared.

The Trophoderm.—1This 1s divisible as stated above into
eytoblust and plasmodiblast.

The Cytoblast (eyf) is a remarkably definite layer of
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cells with distinet cell outlines. The eytoplasm is granular
and the nuelei large and plump. Their chromatin contents
are in the form of an extremely rich network with a number
of karyosomes. A nueleolus may be present, and if so s of large
size. At the edge of the placental area the cytoblast (eyt.)
passes over into the ectoderm of the marginal chorion, whose
cells gradually deerease in size till they attain, at the junction
with the vaseular omphalopleure, the normal dimensions and
appearance of trophoblastic ectodern cells. Some idea of the
difference in size of the eells of this layer may be obtained from
the fact that. at the margin of attachiment, the cells are twice,
while in the centre of the aren of attachment they arve eight
times the height of the ordinary trophoblastic ectoderm cell.

The cytoblast cells, therefore, have already the appearance,
particularly in the centre of the placental area, of typical
placental megalokaryocytes.

Intense proliferation is to be seen in the cells of the eytoblast
of the whole of this area. I have not been able to observe
mitotic figures, but it must be remembered that in the case
of my material as well as that of Hill, fixation was not possible
until a couple of hours after death.

Proliferation of the eytoblast (¢yf.) and its resulis are shown in
fige, 18-16, 19.  The plasmodiblast nuclei (pb.n.) resulting from
this division are usnally more darkly stained than the original
cytoblastic nuelei and for this reason are easily distinguishable,
particularly from the original syneytial nuclei (syn.n.). The
plasmodiblast nuelel are oceasionally isolated, but more often
are arranged in clunps to form multinucleated masses (g.c.)
of sometimes large size. These resemble the giaut or monster
eells which have been found in similar positions in connexion
with the placentation phenomena of higher Entheria.
The main result is that the plasmodiblast makes its way into
the nests of syneytial nuelei, in which one or two or, in mosf
cases, a large nmber of these nuelel can be distinguished.
In such cases the syneytial nuelei have to a great extent dis-
appeared, the tendency being to replace them in their nests by
the newly-arrived footal nueled.
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= . . o S ;
The pseudopodial processes characteristic of the plasmodium
of the previous stage are greatly in evidence in this stage also.

The rog T2 i ey v h - =y z
Che regult is that spaces oceur in the diploplasina giving it a very

aneven appearance.  The arrangement of these plasmodial
spaces suggests that new nuelei are formed in o somewhat
spasmodic manner in waves one after the other.

Une result of the advance of the plasmodinm is the inelu-
sion of the maternal capillaries which pass up
between the remains of the syneyvtial lobules
and ramify below the layer of evtohlast. Rach
capillary is contained in its delicate endothelial layer. Further
than this in the symplasmatic zone of the diploplasma are to
be found remains of maternal nuelei, maternal blood corpuseles
and various granules. These are all obtained phagoeytically.
An evidence of this action in the plasmodiblast is the strong
affinity which some of its muclei have for pigment. TIn thi:
stage much of the pigment found in other cells of the previous
stage has disappeared. It is now almost entirely confined to
the cytoblast and plasmadiblast. Here if nplwn.rs usually as
black granules deposited round the nueleus, hut m other c-aw“.-a i
narrow regular lines in the evtoplasm (figs. 25-27). A similar
pigment (related to haematoporphyrin ?) s found in Ungulates,
andl is vegarded by Jenkinson and Duval as being the ;(-vnmiu.;‘
of ingested haematids whose iron has been pzass\erl on fo the
embryo. The result is that the pigment remains in the tropho-
blast inereasing in amount up to the time of parturition.

Liewcoceytos.—These are extremely characteristic of the
uterme mucosa, particularly in the placental regions.  They are
found 1 the connective tissue, from which they migrate ihrI)u;:h
tl‘w epithelinm of the glands and mingle with their secretion.
They also pass into the diploplasma, from which they reach (he
extra-embryonal coelome.  They can be seen abundantly
present in all seetions of this region at this stage.,  In tl;:_:
connective tissue they are small, taking the form of small
mononuclear lencocytes. In the diploplasma, however, and
particular]y when they reach the eytoblast, they have inereased
greatly in size, forming large mononuclear ]wu(‘h(-}.‘i €8 OF WAEro-
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eytes. [n this position they oceasionally displace eytoblast
cells. All the lencoeytes carry well-defined pigment. Isolated
patehes of pigment ocenr pecasionally in the plagmodium.

The coagulable maferial /l])l‘l'ill‘id. L\]n]'rh) p;lsﬁiug through
the epithelinm of the uterns 18 particularly abundant in the
placental area. The seerefion of the eytoblast cells is visible
on their coelomie faces as small rounded swellings which break
off to form spherical bodies tloating in the coelomic fuid.

[ can find no evidence of fat seeretion either i the cytoblast
cells or In the gland eells, but it must be remembered that no
special means have been eniployed for the detection of fat,
glyeogen, or iron.

The ehorionic mesoderi, where it ean be made ont, 1s a thin
mesothelial layer consisting of Hattened “cells with ovalish
darklv-staining nuelen. T must confess that 1 find it impossible
to iscern this layer over most of the placental area.

The free margin of chorion forms the conmecting link between
the fixed ehorion on the oune hand and the vascular omphalo-
pleure on the other. The mesoderm here is szmilar to that of
the central portion of the ehorion, but the trophoblastie laver
consists of somewhat flattened cells near the vaseular omphalo-
pleure, these inereasing greatly in height as they approach the
fixed portion.

Gland Alteration.—A word about the coudition of the
glands in this stage. The body of the gland is lined by an
epithelitm which is somewhat lower than in the preceding
stage. In ifs upper portion the gland swells out and becones
somewhat barrel-shaped.  The whole of this portion enclosed
in the diploplasma suffers a degeneration of its epithelinm.
The result 1s that here the gland appears to be a mere space
lined only by plasmodiblast. The gland-mouth is closed by
a layer consisting of the eytoblast plus o certain amount of
plasinodiblast.  The latter by no means takes the form of
u plug as in the last stage, but passes down on either side
apparently eausing the disorganization of the gland epithelium
on 1ts way. There appears to be u strugule here between the
downward force of the growing plasmodiblast and the upward
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pregsure of the gland gecretion, evidenced by the swelling of
the gland and the formation of lateral fissures in the plas-
modium. Such appearances are characteristic of all the glands
in this stage.

When such glands arve seetioned oblignely or transversely
they appear in sections of the diploplasma as irregular spaces
without any definite epithelial bounding layer.

Attachment of Allantois.—At this stage this has
oceurred over an approximate aresn of 05 hy 0-21 mm. The
aftachment is due to an iutimate fusion of the splanchuic
mesoderm of the allantois with the somatic mesoderm of the
chorion.  Apparvently the allantois spreads its area of attach-
ment very rapidly, and one of 1ts almost unmediate resnlts 1s
a quickening of the proliferating aetivity of the evtoblast eells.

[ the centre of the area of attachment the distinetion
between the plasmodial layer and the eytoblast to a great
extont hreaks down, the cell outlines of the latter disappearing
and its nuelel being eonverted into plasmodiblast nuelei. It 1s
i these positions that apparently the union of the allantols
with the chorion 1s best effected.  This dissolution of the
eytoblast allows maternal capillaries to come closer to the
surface of the diploplasma. and this can be seen in some cages
even before the allanto-choriomie fusion 1s in being (fig. 14).

Stage 8, Perameles obesula, 7 mm.

This is Hill's stage !, being his earliest placental stage. 1t
is represented 1 the Department of Zoology of the University
of Bydney by a single shide containing one secfion. The
gpecimen, however, is well stained and mounted, and shows
all the details of the relations of the foetal membranes to the
aterine wall.

The excellent general aceount given by Hill of the foetal
membranes of this stage renders any farther deseription un-
negessary. 1 will therefore eonfine mysell to a consideration
of the maternal and foetal structures associated with the
allantoic placentation.

The attachment of the allantois may now be said to he coni-
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plete, the allanto-chorion being united with the maternal
epithelinm over an area whose diameter, following the well-
marked nterine folds, is gome 1314 mm.

The area of attachment is not co-extensive with the whole of
the chorion since there is a marginal zone of the latter quite

free, as in the 6-6 mm. stage.

Structural Details of the Allantoic Placenta.

As would have been expected trom the deseription of the last
stage there is by this time a most intimate fusion of the maternal
and foetal tissues in the diploplasma. the proliferation of the
trophoblastic ectoderm and  its mnvasion of the maternal
syneviium having advanced considerably beyond the condi-
tion found in the 6:6 mm. embrye of ', gunni,

Here again, therefore, in the trophoblastic proliferation there
can be recoonized two portions, a basal cellular layer corre-
sponding 1o the eytoblast or eytotrophoblast of higher mam-
mals, and externally to this a proliferating plasmodial portion,
the plasmodiblast or plasmoditrophoblast.

The eytoblast is throughout ifs extent fairly distinet. Over
a fair area towards the centre, however, it has already begun
to lose its integrity—having disappeared in many places as
a cellular laver and become converted here into plasmodiblast
(fig. 18). 1t was upon this condition of the eytoblast in ifs
central portion that Hill based his suggestion of the degenera-
tion of the c¢horionic eetoderm.

i the marginal portion (fig. 21) the eytoblast still consists of
high colummar eclls separated from one another by distinet
coll walls.  Externally, however, the boundaries of these on
their plasmodial aspect arve indistinet.  Where intact, they
have somewhat elongated nuelel arranged at right angles to
the surface of the uterus. These nuclel stain well and are rich
in chromatin.  They do not, however, stain so darkly as the
more granular plasmodial nuelei to whieh they give origin.

At the edge of the placental avea the development of plas-
modiblast from eytoblast is in its minimun condition of activity,

as ig shown in the figure (fig. 21).
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Here it ean be seen that the arrangement of the syneytinl
nuelei of the extra-placental area is similar to fthat of the
precedmg stages, The presence of an internal space, free of
nuelel, in the syneytial nest should be noted.

Passing from this region into the placental area the gradnally
inerensing activity of the proliferating chorionic ectoderin
hecomes evident. More and more of the foetal nuclel oceupy
the negts.  The plismodial nnelei in o large number of cases
form multinueleate groups.  In many cases there are but two
nuclel in each group, these heing comparable to the binucleaie
cells * diplokaryocytes © deseribed for some Eutheria (for
example 1 Ungulates, Assheton, 1906). DMore offen
three or mwore nuelel are contained n one plasmodial mass.

An examination of a more eentral section shows that in this
portion of the placental area many nests are now quite Alled
with the plasmodiblast ymelei (fig. 18). Bo closely arve these
packed in the nests that instead of being oval or irregularly
ghuped they take a polygonal forw due to mutual pressure.
The condition of the original epithelial nuelear nests can be
ganged from the fact that of twenty-seven observed in one
central portion of the allantoic area four were untouched :
aleven were partly, twelve completely filled by mvading
nnglei, the nests having the appearance of solid multinucleated
MASSES.

[n such positions also it 18 that the original eyloblast layer
Liag practically disappeared. It is evident., therefore, that
a large proportion of the maternal epithelial tissue has been
replaced by intruding foetal material. One effect of this is that
the materual capillaries of the allantoic area become enclosed
by the advancing plasmodium, and in many cases are now fo be
found at the surface of the diploplasma, where they directly
underlie the allantois and even come into contact with the
allantole vessels.

Pigment is not so common as it is in the previous stage but
it 1s still to be found, particularly in lencocytes and in the
cytoblast cells. Here and there in the plasmodium are to be
seen 1solated patches of pigment pointing to an active ingestion
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of maternal cellular material. Haematids are often to be found
contained m the plasmodium n process of being absorbed.

Glands.—Most of the glands of the allantoie placental
area have nundergone certain characteristic changes. Tnstead
of being narrow and tortuous, they have now become generally
straighter and wider,

The neeks of the glands are particalarly gpacions, and often
the gland on its entrance info the diploplasma shows a barvel-
fike enlargement. The aperfure of the gland in the placental
area is closed by the evtoblast, while the plasmodiblast has
disappeared from its mouth but bounds this portion of the gland
on cither side where 1t has been vesponsible for the disorganiza-
tion of the gland epithelial cells (fig. 25).  The cells of the body and
neck of the glands have now heen transformed into a low cubical
epithelium, and their nuelei instead of being oval ave rounded.
The gland-cells throughont are ciliated. Oeccasionally gome of
the glands swell to a relatively enormous size. A further
feature of note is that a number of glands have penetrated
into the musenlans,

The Allantoizs.—For the general deseription of this
[ wonld refer the reader to Hill's aceount. At this stage the
splanchnic mesoderm of the allantois 1s found fused with that
of the chorion over the full extent of the placental area.
There is but a small amount of penetration of allantoie tissue
mto the plasmodiblast, and this only becomes possible where
gaps have ocemrred in the disorganized evtoblast. The complex
“interlocking system by which apt phrase Hill describes
the moutnal apposition of foetal and maternal eapillaries—is
bronght about by short finger-like downgrowths of the allan-
toic mesoderm combined with the opposite (inward) tendency
of the maternal capillaries.  This mutnal process becomes more
and more easy the more the basal eytoblastie layer loses ifs
integrity and beeomes converted into plasmodiblast.  Where the
evtoblast remains practically intact ag at the marging (fig, 23),
the approximation of foetal and maternal vessels does 1ot
occur,  The maximum penetration of the allantos appears
to be a little more than the thickness of the eyvtoblast. One

0. 265 M
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result of this penetration 12 the tendency to form oceasional
eytoblastic islands, containing wsually one or fwo nneled,
isolated by the growth round aud behind them of the allantoe
capillaries (fig, 24).

Stage 4. Perameles obesula, 8-8-7T5 mum.

Of this stage T have no material available, so will content
myself by stating that Hill's figures (1897, figs. 15 to 21) show
that the varions processes of allantoie placental formation
which have heen mitiated in the ease of the younger embryos
can be recognized as being continued in {hs.

The growth of the plasmwodiblast has gone on apace, with
a corresponding diminution of the amount of maternal tissuc
contained m the diploplagsma. This results in a very homo-
geneous appearance of the tissue of the placental area. In
Hill's figures very few synevtial nuelel are recognizable with
gertainty,  On the other hand, it can be seen unmistakably
that. by this tine, most of the evtoblast has been converted
mto plasmodiblast. and that 1 this formation giant wmulti-
nucleate cells are a very prominent and characteristic featur

o, 17,

D /

(see especlally his

Here again the greatest activity ig beimg shown towards
the centre of the placental area. Of the still remaining basal
evtoblast cells Hill says (p. 414), " in gome eases they are mnlti-
nucleated . . . or the single nueleus is also hypertrophied and
vesieular,” a statement which well accords with the facts to
which I have already drawn attention m the preceding pages.

Mauy of these remaining evtoblast cells have the appearance
of diplokaryoevtes. some of them plainly show a tendency
towards plasmodial formation, as can be seen in Hill's fig. 21,
where the eell marked ch.ecl. has very wuch the appearance
of a giant cell with plasmodial processes,

Stage 5. Perameles obesula, 12-5 mm.

Of this stage T possess fve consecutive sections stained i
haematoxylin and eosiu.
Here, as before, T will confine myself to a deseription of the

PLACENTA IN PERBAMELES 163

structural modifications associated with the formation of the
allantore placenta,

A section through the very folded allantoic placental ares
reveals the presence of an extremely homogeneous granular
layer with lobed lower murgins, indicating the positions of the
original svnevtial nests,

Unfortunately, the gap between this and the preceding stage
is too wide to make it possible to closely follow and be certain
of the histolytie ehanges which have taken place in the placental
Tegion.

Within the lobulated portions of the diploplasma are very
irregular groups of nuelei corresponding in position to the
groups of the original syneytium.

An examination of such an aggregation at this stage shows
that it consists mainly of plasmodiblast nuelei whicli are in
a marked stage of degeneration. One simple group is shown in
fig. 26 of this paper, while many others are depicted by Hill
(1899, PL xlhii, figs. 6 and 7).

One particular type of degeneration change in the case of
a plasmodial nueleus is shown in fig. 17. This corresponds
closely with what has been recorded by Jenkinson (1902,
figs. 24-3) for the nmegalokarvoevtes of the monse.  The
origmal robust nucleus loses its contour through shrivelling
of the nuclear membrane and escape of the nuclear sap. The
chromatin becomes irregularly arranged. Thereupon the whole
nuelens flattens and becomes of the nature of an extremely thin
rod, which by further absorption is seen as a fow darkly staining
particles in the general ground-mass, finally disappearing.

There are to be found also degenerating vesicular elements
which 1o doubt are the remnants of the formerly numerous
maternal epithelial nuclei,  On this important point, in view
of the paucity of the material available, T regret I am not able
to make any certain statement.

If, however, this interpretation be correet, then Hubrecht's
suggestion (1909) that the placenta of Perameles consists
in its final stage of a * mixed syneytinm ' is not very far from
the truth.

M 2
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Tt 1s diffienlt to suggest a cause for the degeneration and
resorption which has taken place in the ecase of these nuelei,
but 1t 1s a significant fact that associated with the degenerating
groups are to be found abundant leucoeytes of the small and
large mononucleate types.

Situated just internally to the allantois arve to be found
occasional large ftrophoblastie cells, being remains of the
evtoblast. These also are nndergoing degeneration.

In places the homogencous nature of the ground-tissue is
less evident, and here multinucleated masses of protoplasm are
still n evidence. Apparently the foefal chorienie cells have
performed their function, viz. the fixation and a portion of
the prelimnary natrition of the cmbryo, and are now in
a process of degeneration and disappearance,

The maternal vessels are extremely nwmerous, and their
finer branches now rawify at the surface of the diploplasina,
where they come into intimate apposition with the vessels of
the allantois m the way Hill describes,

The allantoic mesoderm has penetrated but little into the
trophodermic layer. No spaces are formed in which maternal
blood flows, all maternal vessels being contained in definite
endothelial walls, The two bhlood-svstems, however, are
elaborately interlocked, and wvery often foetal and maternal
blood-streams are separated merely by the thiekness of two
endothelial walls.

As regards the glands of the placental area, thev are now
characterized hy the possession of a low cubical epithelium.
Their cavities are wide, particularly near the opening of the
gland.  The cells are eiliated. The mouth of each gland is
sometimes closed by the allantois with its numerous vessels,
at other times by degenerating remains of the trophoblast,
The condition of the portion of the gland contained within the
diploplasima iz similar to that characteristic of the preceding
stage.

Outside the placental area the maternal nuclei of the epithe-
linm still take the form of rounded vesicles in whicl it 18 difficult
to distinguish even a nucleolus. The glands of this portion of
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the uterine wall possess the usual colummar epithelinm and
are also ciliated. They are narrower than the glands opening
mto the placental area.

Seemng that the newly-born young of Perameles measures
but 14 mm. in length, the condition of the allantoic placenta
m the 12:5 mm. stage may be accepted as being practically
that of the full-term placenta,

Dhage 6. Perameles nasuta, post-partum,
With regard to this stage the only way in which T ean
supplement Hill's description is by pointing out that the
amount of foetal tissue left hehind in the uterus is considerably
more than would be the case if Hill's coneeption of the placenta-
tion of this animal were correct, Instead of consisting merely
of the allantois—with the addition of a few remaining foetal
cells left behind after the degeneration of the choriouic ecto-
derm—there is really comprised in the contra-deciduate
portion, in addition to the allantois, the whole thickness of the

diploplasma, of which undoubtedly the greater part is foetal.

6. Summary or (oNCLUSIONS.

The conclusions arrived at in the preceding pages may be
sumiarized as follows :

1. Allantoie placenta.

(a) The fixation of the embryo is brought about by means
of the chorionie eetoderm at a time when the embrvo measures
about 6 mm. direct length. .

(b)) The chorionic ectoderm develops divectly info two
portions. (1) a basal eellular cytoblast which by proliferation
gives rise to (2) a plasmodiblast.

(¢) The plasmodiblast phagocytically attacks the maternal
tissues, particularly the maternal nuclear aggregations or nests.

(d) The proliterating foetal ectoderm and maternal syneytinm
are thus intimately fused to form a structure, the diplo-
plasma.

(¢) Sooner or later most of the evtoblast layer disappears,
being converted into plasmodiblast.
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Diagrams showing the development of the allantoie placenta in Perameles.

(i) Shows the character of the preplacental maternal trophospongia with
its labules, between which vessels aud glands penetrate. The capillaries
ramify at the surface.

{h) Chorionic attachment has pow taken place and the chorion has proli-
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(f) The outgrowth of foetal plasmodium does not extend
any farther than toinvolve the proliferated maternal epithelium,

(g) The attachment of the allantois is effected when the
embryvo hag attained a Jength of approximately 65 mm.

() The outward migration of the hasal evtoblast cells (when
converted into  plasmodiblagt) wives opporfunity for the
maternal and foetal vessels to come into mtimate apposition,

(1) In the fnal stage the foetal nuelen i the placenta are
found to be in a state of degeneration.

(/) Bemains of the maternal epithelium still probably exist
in the full-term placenta,

(fr) The nierine glands persigt throughout gestation, but the
portion of their epithelivm within the diploplasma disappears.

() Al maternal vessels have definite endothelial walls :
Liypertrophy of the endothelial cells does not ocenr and lacunae
are not formed.

(m) An allantoie placenta is vecorded for P. gunni.

2. Yolk-sac Placenta.—A virtual yolk-sa¢ placenta is
present in P. guunni as in other species of Perameles,
brought abont by the intimate apposition of the complex
system of vessels in the vaseular omphaloplenre with the highly
vaseular portion of the uterine syneytium just beyond the
placental arca.

fevated 1o form a basal cvtoblast and an external plasmodiblast.  The
proliferations of the latter are related to glands and nuclearnests, The
cupillaries vamify just below the c¢ytoblast layer.

(¢) Allantoic attachment is now in its first stages, Further proliferation of
the foetal trophoblast has taken place and the plasmodiblast now vecupies
the greater part of each nest. Within the diploplasma the gland
epithelium has disappeared and the gland is closed in abovez by evtoblast
plus plasmodiblast, Capillaries still ramify below the cytoblast,

(d) The foetal plasmodium now occupies the whole of each nest with the
exception of (possibly) a few remains of maternal tissue. The eytoblast
layver has broken down, having mostly been transformed into plasmo-
diblast. A few islands of trophoblastic tissue are, however, still left
in the eytoblast position. The very much branched and interlocked
foetal and maternal vessels have now come into intimate apposition,
The gland epithelium in the diploplagsma has entively disappeared, and
the glands are closed in above by all antoic vessels alone. h

all., allantois ; all. cap., allantoic capillary ; cyl., cytoblast; gl., gland ;
mal.cap., maternal eapillary ; pb., plasmodiblast ; troph., trophospongia.
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Further, considerable vacuolation of the cells of the bilaminar
omphalopleure at certain stages mark it as being an absorptive
organ of some importanee in embryotrophic processes.

7. Covcrnuping REMARES.

Now that we have some clear 1dea of placentation in Pera-
meles, the question arises what relation exists between this
and the placentation of other marsupials and of Eutheria
generally 2 Further, can any light be thrown on the phylogeny
of the mammalian allanto-placenta by o consideration of this
question ?

Before, however, entering ow a discussion ot these, 1t Is,
I think, necessary to get a clear idea of the morpho-physio-
logical conception of the term * Placenta .

{u) The Placental Conception.

Tt 18 inevitable that the conception of placentation which
has arisen o the minds of wvestigators shoald, until fairly
recently, have been associated with the very complex and
highly advanced structure developed in the intimate fusion or
apposition of the foetal menibranes of the commoner and best-
known Fntheria with the uterine mucosa.

1t might, however, be taken for granted that—in the case
of an organ so prominent in wammalian developmental pro-
cesses and rightly regarded ontogenetically and phylogeneti-
cally as of the lighest importance—there would be no two
opintons as to its defiiftve structure or itz phyvsiologieal
significance.  But such o supposition wouald be wrong, and
a very sguperficial examination of the writings of the more
recent investigators soon shows that they hold radically different
views as to what is understood by the term * placenta ™.

All the important reeent works treating of the comparative
anatomy of the placenta to which 1 am able to refer (Strahl,
1905 ;  Grosser, 1910 ; Jenkinson, 1918) are insistent that
the fandamental idea of placental formation lies in the apposing
of two blood-streams—one foetal. oue maternal—to form
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a structure by which the plysiological processes intended for
the well-being of the embryo can be carried out.

Such a coneeption makes no allowanee whatever for the
work of the bilamivar omphalopleure of marsupials—itsolf
non-vascular but physiologically of considerable importance.

Even less neceptable is the suggestion of Professor Hubrecht
(1909), who insists that ‘ fusion of embryonic with materual
tissne is o conditio sine qua non, and so we must admit
a placenta in the case of Didelphia (Perameles) and deny it to
certuin Monodelphia (Bguus, Sus, Nyticebus, Galago, and
others) . As Assheton has pointed ont, under this scheme
“ the sheep is a placental, a cow a nou-placental marmmal °.

Reaction between mother and embryo, or rather dependence
of the latter on the mother for food, oxygen, and the removal of
its waste products, may be said to commence from the time of
the fiwst appearance of the ovum in the uterus. * The mam-
malian ovam,” says Hill (1910, p. 113}, “already in the mono-
tremes greatly reduced in gize ag compared with that of reptiles,
and quite minute in the Metafheria and Butheria, con-
tains within itself neither the cubiec capacity nor the food
material necessary for the production of an embryo on the
ancestral reptilian lines.  We accordingly find that the primary
object of the first developmental processes in the wammals
bas come to be the formation of a vesicle with a complete
cellular wall capable of absorbing nutrient fluid from the
maternal uterus.’

Our knowledge of the physiology of the carly stages of
marmalian intra-uterine development s admittedly as vet
very amcomplete.  Nevertheless, it is quite certain that the
amonnt of nutrient matevial present in the ovum is absolutely
msufficient for even the most clementary developmental pro-
cesses, and has to he supplemented, from the very beginuing,
trom outside sources.

Even a cursory consideration of the above will serve to
indicate that in the uterine development of the viviparous
mammals there occur two distinel phases, differing entirely
i the means by whicli the neeessary physiological processes
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of the embryo arve arranged for. In the fivst of these, extending
over the tume of eleavage and of blastoeyvst formation. absorp-
tion and exchange ave performed solely by means of the tropho-
hlast.

When blood-vessels appear and are functional, quite a new
phase 1s inangurated, lasting to the end of pregnaney, during
which these vessels come 1o the aid of the trophoblastie layer
i more guickly and efficiently performing the necessary
cmbryonic services,

Grogser’s (1910, p. 94) terms * embryotrophic ™ and * haeino-
troplie © could have been eonveniently emploved fo indieate
these periods, but, unfortunately, his use of the word ° exclu-
sively "in the defimition of the latter term has made it applicable
alone to haemochorial placentae, and it 1s even donbtiul 1f the
defimifion wonld be strictly correet in their case,

Nor does Resmk's (1902) arrangement suit the case any
better. Tlug author regarded the intra-uterine life of the hedge-
hog as falling into two well-defined periods as follows :

(@) Preplacental period, during which maternal and
foetal preparation for the allantoie placentation takes place ;
the irophospongia and ectoplacenta are formed and the
embryo fixed. DBroadly, this period may he said to oceupy the
earlier portion of intra-nterine existence up to the time of
attachient of the allantois.

(b) Enplacental period, m which the allantoie attach-
ment 18 made and the placenta completed.

The weakness of thig arrangement as applied to mamimals
generally 1s to be found, in my opinion, in the extreme impor-
tance given fo the allantoie placentation and the inelnsion o
the yolksac (vascular) placentation in the first of these periods.
Such a scheme becomes diffienlt of application, partienlarly to
the Metatheria, in which an allantoie placenta oecurs, so
far as 15 known, in but one genus, varions methods of tropho-
blastic attachment in others, in many no attachment what-
ever, a volk-sae placenta in all.

It 18 therefore apparent that allantoie placentation 1s only
of the greatest lmportance m one group of mammals, the
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Futheria, and it 18 doe to the fact that the most detailed
investigation has been expended on this group and to the
provamence of the allantoie placenta m it that other features
of ermnbrvonal intra-uterine life have heen for so long over-
[noked.

Viewed in the light of what we alveady know of the morpho-
logy and physiology of the foetal membrancs i the two groups
of viviparons mammals, it is evident that placentation, as
generally understood, is but part of a much larger conception
which has to do with the whole physiological imtimacy, doring
intra-uterine life, between foetus and mother.

Thus I am fully in accord with Assheton’s suggestion (1909)
that the term ‘placenta * should be applhied to all organs
consisting of an intimate apposttion or fsion of the foetal
membranes with the nterime wall for the purpose of carrying
ont physiological processes destined for the well-being of the
enbryvo.

such o conception would inelude the following types of
placenta :

(a) That m which the frophoblast iz vascularized from the
allantois—allantoplacenta.

(h) That m which the trophoblast is vascularized from the
yolk-sae—omphaloplacenta,

(¢) That m which no foetal blood-vessels are concerned.
This is the case of the bilaminar omphalopleure of marsupials
whether there i a fusion of part of this with the uterine mmeosa
(Dagvurns, Phascolaretos), or merely, as 18 more nsual, intimate

apposition.  For this fvpe of placenta 1 propose the term
‘metrioplacenta’. These may be illustrated by referring
to Perameles, the genus which is the subject of mvestiga-

fion in the present paper.

() Placental Phases in Perameles.

Preliminary Phase.—During thiz period the blasto-
evet is formed and the physiological processes are earried on

by means of the trophoblastic eells,  There iz no union in
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Perameles between the trophoblast and the uterine
wall, and there 1s no absorption by means of foetal blood-
vesgels,

The work of this phase iz earvied on in later intra-uterine
life by the bilammar omphaloplenre.

Intermediate Phase,—This is the stage of the vaseular
yulk-sae placenta. It comes into being with the functional
formation of the vascular avea. There is a4 close apposition
between the foetal and maternal blood-vessels.  This phase
reaches 1ts wmost active condition before the attachment of the
allantois, and although, waybe, less efficient, endures, with the
existence of the vascular area, until the end of pregnaney.

Final Phase.—The allantoie attaehment takes place and
the allantoic placenta is completed.

It is evident that in marsupials, with the exeeption of
Perameles, the preliminary and intermedinte stages are the
more important, in fact the only ones present, while in general,
in Eutheria, the preliminary and the finul phases are of
the greater value.

Under these eiremmstances we can denote the placental
periods in Perameles as metricoplacental, omphaloplacental,
or allantoplacental. according to the type of placenta which 18
the dominant one for the period concerned.

(¢) Plucental Phenomena in Marsupials
generally,

In reviewing these I will commence with the most specialized
groups.

Macropodidae.—The worls of Owen (18347, Mucro-
pus major), Sewmon (1894, Aeprymnus roafescens),
and Hill (1895, M. parma, M. ruticollis, M.robustus,
and M. major) emphatically show that in these forms the
allantois throughout life remains small, buried iu the splanelmo-
coele. Irom my own observations I am able to state that
this 1s also the case for Potorouns tridactylus and
Bettongia cuniculus. It is possible that in some
Macropods the allantois reaches the chorion, although Cald-
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well’s statement (1884) that there is such a union in the case
of Halmaturus ruficollis, as well as his testimony of
o fusion hetween the bilaminar omphalopleure and the uterine
wall, have not yet been confirmed. An omphaloplacenta is
well developed in Macropods. '
Phalanceridae.—m Trichosurus vulpecula (Hill,
1884) and Petaurug seiureus (Senion, 1894) the allantois
i& similar fo that of Macropods. I am also able to state that
this is the case for Psendochirus cooki. Here again the
embryo depends on the work of the trophoblast both of the
vagenlar 111;1plmlnplr."m'u and of the bilaminar <nn;plmlopl?urv..
Phascolaretus.—This genus is particularly Interestng in
possessing, according to Caldwell (1883) and Semon (1894),
a respiratory allantois. There 13 a well-developed omphalo-
placenta and also a union in the metrioplacenta bet ween an
annular zone of the biluminar omphalopleure (just outside the
simus terminalis) and the uferine mucosa. .
Didelphys.—The allantois does not meet the c%mnon.,
The omphaloplicenta is well developed. Certain portions of
the ectoderm of the bilaminar omphalopleure are stated by
Selenka to form absorptive proliferations similar to those found
in certain Butheria, for example Manis (Weber), and
Fquus (Ewart). . .
Dasvurus.—The allantois shows interesting stages In
degeneration. At a particular stage it becomes applied to t.ho
chorion which is itself in intimate association with the uterme
imeosa.  Later the allantois withdraws from the chorion and
degenerates  considerably, 1ts vascular system practically

Jisappearing. An omphaloplacenta is present as well as a
similar annular fusion of the bilaminar omphalopleure with
the uterine wall ag oceurs in Phascolarctus. :
Perameles.—This is a most primitive form possessing
a well-developed allantoie placenta and an «-1111,»1111101)_131%%1ta,,
and there is considerable evidence of absorption in the bilaxmnar
omphalopleare. :
From the above abstraet it will be seen that we can, as yet,
hardly be said to have a detailed knowledge of the structure,
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physiology, und ontogeny of the foetal membranes of most
marsupials. Particularly in such primitive genera as Th yla-
¢inusand Sarcophilus, i may be expected that investisa-
tion will help to shed a clear light on the phylogeny of the
placenta i this group.

Another point of importance (of greater value, [ think. than
Assheton would have had us believe) lies in the behaviour of the
uterine mucosa. Of this our knowledge in the marsupials is
particularly meagre.  Yet it is extremely Important, siuce
there is naturally a mutual reaction of embryvo aud uterus,
An mvestigation of the modifications of the uterine mucoss
during pregnancy wonld, there is not the slightest doubt, he
of gruu% value in shedding a light on ancestral placental arrange-
ments in marsapials,

Pseudochirus cooki iz instructive in this regard.
Preliminary investigations which I have already made in the
case of this diprotodent marsapial have shown that the uterin
epithelium in a very early stage of pre; gnancey consists of a sigl
layer of very high columnar cells with cory spondingly elongated
deeply-staining nuclei.  Below the epithelium the conneetive
tissue is condensed to form a layer in which run the o wpillaries.
This stage can be recognized as being very similar to one oeenr-
ring in many Euntheria.

At a later stage of gestation, cell outlines have disappeared
and a vascular syneytium is formed similar to that of Pera-
meles, except that it is composed appavently not only of the
epithelial cells but of those of the snb- epithelial mplan\ layer.
These capillaries now rawmify at the surface as is the case in
Perameles,

Here without doubt ean be recognized the remains of an
ancesiral trophospongial proliferation.

From the consideration of the above faet 8, particularly ag
regards the condition of the foetal membranes in Perame les,
Dasyurus, and Phascolarctus, bearing in mind the
complementary modifications of the uterine wall where thev
are known, it must be evident that these conditions in marsu-
plals represent o degeneration from a more complex systen
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of placentation which undouvbtedly obtained in the origiual
protoplacental grouyp.

Into a full treatment of this there is no need for me to enter,
[t has been ably disenssed by Hill and the facts and conelu-
sions embodied in the preceding pages can only be regarded as
confirmung and strengthemng his expressed opintous.

(d) The Relation of the Allantoic Placenta-
fion of Perameles to that of the Eutheria.

This guestion 1 will discuss but briefly, reserving its full
treatment for some future oeccasion when adequately fixed
and preserved late gestation stages of Perameles may
perhaps be available.

It is with some pleasure that 1 have been able to bring the
wmethod of allantoplacental formation of Perameles into
line with that oecurring i the simpler Eutherian forms.  In
fact it may be said in general that the only difference between
the two is one of degree. There are the same characteristics
of passivity of the utermne epithelium and activity of the
trophoblast with a division of the latter into a cytoblastic und
plasmodial layers. After preliminary diploplasmatic prepara-
tion the allantois becomes fixed and an apposition of the two
blood-streams becomes effected. I wight here hriefly refer
to the resemblances between the earlier stages of allanto-
placentation in Perameles and the dog and yabbit. In
Text-fig, 8 I have mdicated the main points of Schoenfeld’s
tig, 14 (1903) representing an early stage of chorionie Invasion
in the dog. A somewhat comparable stage in Perameles is
represented by Text-fig. 4. The agreement in the method of
foetal nvasion iz evident. In the dog, however. according to
Sehoenfeld, the uterine epithelivm does not form a symeytium.

In the rabbit, on the other hand, as in manyother Eutheria,
such a maternal syneytium is formed, and here the early stages
show an even more significant resemblance to those oceurring
in Perameles. Particularly T may refer to Schoenfeld’s
(1903) tigs. 4. 5, and 6, PL xxi. and those of Maximow (1900,
figs. 1 and 2, PL. xxx).
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The phylogenetic importance of the presence of large multi-
nuceleate masses of foetal origin in the allantoplacenta of
Perameles, the dog, the rabhit, and others cannot he over-
estimated,

Bearing i mind the accepted origin of the Metatheria

TexT-F1a, 3.

Fig. 3—An carly stage of development of the dog showing chorionie
attachment (after Schoenfeld). cyt., cytoblast: ph.. plasmodi-

blast ; ep., uterine epithelinm.

TExXT-¥16. 4.

Fig. 4—A stage in Perameles comparable with that of the dog
)

in Text-fig. 3. Lettering as in Text-fig. 3.

and Entheria from a primitive diphvodont protoplacental
stock (Hill, 1897, p. 432), it is possible to state with certainty
that, m that early gronp, the same conditions of passivity of
the uterine epithelium and active phagoeytic quality of the
trophoblast were alveady in existence : with the further
differentiation of the latter laver in itz placental portion into
two distinet layers, respectively cellnlar and plasmodial.

The foregoing facts make this conclusion mevitable. This
being go, those Eutheria, partienlarly the Ungulata,
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in which there is no union hetween the trophoblast and mueosa
in the allanfoie placental region, must have reached this condi-
tion, in the course of their phylogeny, by a process of secondary
simplification.

[f is evident enough then that the attemipt made by Strahl
(1906) to group Perameles with the Ungulates and others
i the Semiplacenta breaks down. Af the same time i iz
not ensy to snggest any arrangement by which Perameles
will take its proper place in placental elassification.

The only possible course at this stage appears to be to
oxaanine briefly what is the relation of the allantoie placentaiion
in Perameles to some one or other of the groupings af
present n uge,

Assheton’s enggestion to divide the Placentalia into
Placentalia ecnmulata and plicata seems to be the
most promising, since in addition fo having a struetural basis
these divisions are to some extent phvsiologieal.  Assheton hus
given a table of the characteristics of the two groups as he
conceived them (1909), and even a cursory glance at these will
indicate that the allantoplacenta of Perameles structurally
and physiologically oeeupies a place somewhere between the
fwo but more primitive than either.

Thus 1u the * heaping up " of the trophoblast—a very funda-
mental point—it agrees with the cumulate type, while in many
other features, absence of lacunae and 1he mildness of attack
on maternal tissues, it approaches the plieate type. The
gecrotion of the placental glands appears to be at first of minor
mportance in Perameles, buf, later, absorption by the
allantoie vessels is divect, mereasing the value fo the embryo
of glandular seeretion tremendously.

It is apparent that if we regard the above grouping as a
rational one, the allantoic placenta ean be regarded as being
of a eentral primitive fype from which development in either
direetion might easily have proceeded.

And the very real velation of the allantoplacentation in
Perameles to that of the Carnivora—the relation of the
simple to the slightly more complex—shows that the Carni-

NO. 265 N
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vora, as suggested by Hubrecht and upheld by Assheton,

exhibit, of the Eutheria, the most undifferentiated arrange-

ment.  The trophoblastic *hwaping up ' is common to the
allantoplacenta of both Perameles and the Carnivora.

This is fundamental, and i sufficient evidence of the faet that

the enmulative type of placenta is the more primitive.
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9. DESCRIPTION OF FIGURES.

The outlines of all figures have been drawn with the aid of
Zmss's camera Incida, then enlarged by means of the panto-
graph and details filled m by freehand,

Ligr oF REFERENCE LETTERS.

all., allantois. all.eap., allantoic capillary.  all.ent.. allantoic entodermn.
wllomes., allantoic mesoderm.  ell.pen., penetration of the allantoic meso-
derm, all.st., allantoic stalk. allves., allantoic vesicle,  amn., amnion.
amir., anastomosis of the two portions of the sinus terminalis.  billomph.,
bilaminar omphalopleure,  caw., cavity contained in syneytial nests.
chomes,, chorionic mesoderin,  eh.ecl., chorionic ectoderm,  coel w., coclomic
wall of the allantoic vesicle. ewl., cytoblast (cytotrophoblast). emb.,
cmbryo.  ex.coel., cxtra-embryonal coelome.  easyn., maternal syneytium
of the extra placentul avea. crsynon,. syneytialnucleiof the extra-placental
area. .o, mullinocleate giant cell. g, gland.  glep., gland epithelinm,
ingf., infiltrated material (¥ lvimphatic) contained in the cavity of a svneyiial
nest. g, material ingested by the plasmodiblast.  lewe., leucovyles,
mulcap,, maternal capiflary. ek, marginal chorion.  mue., ulerine

nueosn,  musc., muscnlaris.  ph., plasmodiblast,  phon., plasmodibilast

nuelei.  pgm.. aggregations of pigment m the plasmodiblast.  plac., allan-
toie placenta. plsym., maternal syneytium of the placentul asren. proa,,
proamuion.  symsn.. nuelei of the maternal trophospongia. froph., maternul
trophospongia.  wasc.omph,, vascular omphalopleure,  vomph., vascular
omphalopleure. wit.a., vitelline artery. wilv., vitelline vein, wyk.cav.,
volk-sac cavity. ».e., volk-sac. ylepl., yvolk-sac splanchnopleure,
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EXPLANATION OF PLATES 9-11.

Prate 0.
s, 1-8, 10-12, PreaMmerzs oBESULA, 61 mm., Fie, U, Peramenes
OBESULA, 125 mm.

Figs, 1, 2, and J—Rections showing the wrrangement of synevtial

nuelei as o wore or less irregular layer round a central eavity, Note the
vesicular shape and chromatic characteristics of these nuclei.  Note also
intruding lencocytes,

Wiga, 4, 5. and 6,—Phases in the earliest

In fig. 4 the syncytial nuelei arve already undergoing degeneration under

owth of the plasmodiblast,

the effeet of the plasinodial advanee processes,

Fig. 7-—Plasiodial atiack on a gland., Note the breaking down of the
gland epithelinm on one side.  Here also ingested material is evident in the
plasmodiblast,

Fig, 8-—Another stage in plasmodiblast formation. The cytoblast is
a well-delined layer. Note presence of leucocytes.

Fig, 9—shows ihe vesicular and degeneraie appearance of foetul
nuclei ab this stage with cJose apposition of maternal and foetal vessels.

Figs. 10, 11, and 12—Photomicrographs of sections through a branched
oland just outside the wrea of the first fixation of the chorion (see Text-
fig. 1).

Prare 10,
Fras, 13-16, 19, Peramenes cuwsi, 6-6 mm. Fias, 17, 18, PEraMELEs
OBESULA, 12:5 mm, Fies. 20, 21, PERAMELES OBESULA, 7 mni.

Wig, 13—Placental area towards the centre, showing the commence-
ment of the disorganization of the cytoblast allowing maternal capillaries
to approach the surface, The very superlicial position of one of these
capillaries is, however, very exceptional for this stage. Note the penetration
of the plasmodiblast nuclei into the syncytial nests.

I
AL
and ingestod material are outstanding features. This tigure should be
compared with Maximov's lig. | of the rabbit.

. H—Section of somewhat more peripheral portion of the sanie arcu.

stinet eytoblast is present and a plasmodiblast, in which giant cells

Migs. 15, 16, aud 17— Show attachment of allantois and disorganization
of eytoblast to allow of the apposition of foetal and maternal blood-vessels,
Figs. 1T a, b, o, d, e.—Stages in the degeneration of a foetal nucleus,

Fig. 18—Section of the central portion of the placenta showing the
following = breaking down of eytoblast. almost complete filling of syuey binl
nests by foetal nuclei, penetration of allantoic capillaries and almosy final
apposition of maternal and foetal blood-streams,
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I"ig. 19—Placental area showing section through a gland, Note dis-
appearance of gland epithelinm, the enlargement of the gland lumen at the
apex and the tendency to form lateral slits in the plasmodium. This
secetion shows well fhe intmding leuvoeyies of the large mononucleate
type.  The plasmodiblast shows a particularly noteworthy giant cell,
pigment patches, and ingested material,

Mg, 20 —Section of placental aren towards the margin,  Cytoblast is
intact. The nests are well filled with plasmodiblast nuelei.

Fig. 21 —>Section of placental arven at the margin,  [for description see
text,

Prare 11,
Fies. 22-27, PERAMELES GUNNT, 66 mm. e, 28, PERAMELES OBESULA,
T mm. g, 20, PERAMELES 0OBESULA, 6-1 mm.

[Mig. 22— Section showing structure of the bilaminar omphalopleure.
Note the extreme vacuolation of the ectoderm cells,

Fig. 28— The yolk-sac circulation. For description see fext,

{— Diagram showing the relation of the embryo to its membranes.
Migs, 25, 26, and 27—Pigment-bearing cells: fig. 25 of the scrosa,

fig. 26 from the connective tissue, and fig. 27 from the trophoblast.

28 —ection through the mouth of a gland.

Pig. 20—shows the relation of o plasiwodial proliferation to o group of
syneytial nuclei.
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