Downloaded from rstb.royalsocietypublishing.org

TRANSACTIONS

PHILOSOPHICAL THE ROYAL |
—or— SOCIETY

The Development of the Hepatic Venous System and the
Postcaval Vein in the Marsupialia

Margaret Tribe

B

o
§ > Phil. Trans. R. Soc. Lond. B 1924 212, 147-207
@) = doi: 10.1098/rstb.1924.0006
Cd 28]
[—
i i i i Receive free email alerts when new articles cite this article - sign up in the box at the top right-hand
E 8 Email alertmg Service corner of the article or click here gntp P

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
(@)

To subscribe to Phil. Trans. R. Soc. Lond. B go to: http://rstb.royalsocietypublishing.org/subscriptions

This journal is © 1924 The Royal Society


http://rstb.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=royptb;212/391-401/147&return_type=article&return_url=http://rstb.royalsocietypublishing.org/content/212/391-401/147.full.pdf
http://rstb.royalsocietypublishing.org/subscriptions
http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

[ 147 ]
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A. INTRODUCTION.

THE ROYAL
SOCIETY

The present paper contains a detailed account of the development of the hepatic
venous system and the postcaval vein in a number of genera of Marsupials, including
representatives of both the Polyprotodontia and the Diprotodontia. It is supplementary
to the account of the development of the pancreas, the pancreatic and hepatic ducts in
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148 MISS M. TRIBE ON THE

Trichosurus, published in 1918. The development of the hepatic veins is shown to be
subject to considerable variation in the different genera studied. On the other hand,
the origin of the postcaval appears to be essentially uniform throughout the group, and
consequently I have been able to restrict my observations on its development mainly to
one genus, viz., Dasyurus. I take this opportunity of stating that I have confirmed
in all respects Prof. J. P. HiLr’s unpublished observations on the development of the
postcaval and associated veins in Perameles.

The material examined belongs to Prof. HiLr’s collection of Marsupials and the
descriptive details of embryos and pouch-young are taken from his note-books.

As regards methods of investigation, it has been found possible to reconstruct quite
satisfactorily all the necessary stages in Part I by means of graphs. In Part IT, however,
where one is dealing with plexiform vessels, no method but that of injection can be
regarded as adequate. Thisis obviously impossible in the material in question : neither
are wax-plate reconstructions altogether reliable, since the investigator’s own conclusions
concerning the presence of vessels composing the plexus are liable to error. 1 have
therefore been content with the method of graphing in Part II also.

The present investigation has been carried on under the guidance of Prof. HILL
mainly in the Embryological Laboratory of the Department of Zoology of University
College, and T wish to record my grateful thanks to him for the most generous help and
criticism he has given me throughout.

For his kindness in allowing me facilities for research in his Department during the
earlier stages of the work I take this opportunity of thanking Prof. Hirw, also Prof.
DenpY for similar facilities afforded me during the later stages.

B. Part I.—TuE DevELoPMENT OF THE HEPATIC VENOUS SYSTEM.

The Vitelline Curculation.
Polyprotodontia.

Perameles.—In Stage I (G.L. 6:6 mm.), the two vitelline veins run obliquely in from
the yolk-sac splanchnopleure towards the mid-ventral line of the embryo, and pass
up on either side of the still widely open mid-gut. Cranially they pass over imperceptibly
into the endothelial heart tubes, the relations of which have already been descnbed
by Miss PARKER (* Proc. Zool. Soc.,” London, 1915) (text-fig. 1).

In Stage IT (G.L. 6:8 mm.) the tWo tubes have completely fused and the heart now
possesses sinus venosus, atrium and ventricle, as well as bulbus aortee. The proximal
portions of the vitelline veins have now also undergone partial fusion. Immediately
behind and continuous with the sinus venosus there is the well-marked cranial (ventral)
anastomosis, and two additional fusions are in process of formation, viz., the middle
(dorsal) and the caudal (ventral) (text-fig. 2).

The vitelline veins enter the body of the embryo slightly cranial to the anterior intes-
tinal portal, lying laterally one on either side of the gut. Almost immediately after
their entry they are connected in the middle line by a plexiform anastomosis lying
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ventral to the gut and representing the caudal anastomosis. The veins separate again
and bend sharply forwards (cranially) at the level of the anterior intestinal portal and
once more anastomose, this time dorsally to the gut, by means of an ill-defined network

TexT-F16. 1.—Perameles obesula, Stage 1 (10, VIII, Tuxr-v1a. 2.—Perameles nasuta, Stage IT (13, VII,

'03) (G.L. 66 mm.). Graphic reconstruction, ’05) (G.L. 6'8 mm.). Graphic reconstruction,
viewed from the ventral aspect. X 30. a., viewed from the ventral aspect. The bend
auricle ; «@..c., auriculo-ventricular constric- which the vitelline veins make on entering the
tion ; b.a., bulbus aorte ; v., ventricle ; v..d., body has beenistraightened out. X 30. g., gut;
right vitelline vein ; v.v.s., left vitelline vein. h., liver ; s.v., sinus venosus ; v.e. (cd), caudal

anastomosis ; v.a. (cr.), cranial anastomosis ; v.a.
(md.), middle anastomosis; wv.u.d., right al-
lantoic vein; v.u.s., left allantoic vein; v.v.d.,
right vitelline vein ;. v.v.s., left vitelline vein.

of minute vessels, the forerunner of the middle anastomosis. The veins dgain separate
and run up on either side of the gut until they reach the hepatic diverticulum just in
front of which they fuse, ventrally to the gut, to form the cranial anastomosis which is
now extensive. As the result of the formation of these anastomoses between the veins
there are formed two complete venous rings encircling the gut, a cranial and a caudal
ring, respectively (text-fig. 2).

Contemporaneously with the formation of these anastomoses, the hepatic diverticulum
takes origin from the gut and proceeds to proliferate off trabeculee, which at once invade
the vitelline veins. In the present stage (II, G.L. 6:8 mm.) the peripheral portions of the
limbs of the cranial ring, adjoining the cranial anastomosis, have already become invaded
by the trabeculee, whilst the anastomosis itself is penetrated to such an extent that there
exists no continuous main channel traversing the liver mass in this region‘ (text-fig. 2).

In Stage III (G.L. 7 mm.) the middle and the caudal anastomoses have also become
definitely established and are represented by distinct channels, whereas the left limb
of the cranial ring has become reduced to a quite narrow channel (text-fig. 3).

The venous anastomoses bear certain constant relations to the gut. In Stage II
(G.L. 6'8 mm.) the incipient caudal anastomosis lies slightly cranial to the anterior
intestinal portal and within the body, whilst the middle anastomosis (on account of the
bend which the vitelline veins make on entering the body) lies behind the level of the

x 2
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caudal anastomosis and opposite the anterior intestinal portal. The cranial anastomosis
lies just cranial to the origin of the hepatic diverticulum from the gut and ventral to the
cesophagus. It is noteworthy that the middle anastomosis lies always just caudal to
the-origin of the dorsal pancreatic primordium from the gut (although in later stages it
extends beyond it as well), and the cranial anastomosis, or vessel derived therefrom,
just cranial to the origin of the hepatic diverticulum from the gut (the site of the later
ductus choledochus). Such a constant position is not shown by the caudal anastomosis.
This is at first short, lying entirely within the body and slightly cranial to the anterior

v.r(cr)d.

v.a.(md.)

v.r.(cd.)d.

Tex1-F16. 3.—Perameles nasuta, Stage 111 (5°96) (G.L. 7 mm). Graphic reconstruction, viewed from the
ventral aspect. X 30. The vitelline veins are drawn as though running up from a caudal direction
as in text-fig. 2. The continuations of the allantoic veins beyond their hepatic connections have been
omitted in the graph. d.v.a., ductus venosus Arantii; g¢., gub; h., liver; p.c., posteaval ; v.a. (cd.),
caudal anastomosis; v.a. (nd.), middle anastomosis; wv.r. (cr.) d., right limb of the cranial ring ;
v.7. (cr.) s., blind ending of the left limb of the cranial ring ; v.r. (¢d.) d., right limb of the caudal ring ;
v.r. (cd.) 5., left limb of the caudal ring ; v.u.d., right allantoic vein ; v.u.s., left allantoic vein; v.v.d.,
right vitelline vein ; v.v.s., left vitelline vein.

intestinal portal. Later (Stage III, G.L. 7 mm.) it assumes a considerable length,
stretching from the cesophagus to the duodenum and lying in major part outside the
embryo. In Stage V (G.L. 105, 10-25 mm.), after which it is no longer recognisable,
it is remarkably short, the two veins fusing in the upper part of the umbilical stalk and
therefore occupying a very caudal position as compared with earlier stages (text-fig. 7,
page 154). From measurements one is justified in concluding that this translation is
due to progressive closure of the umbilicus which involves the vitelline veins, drawing them
backwards as the cranial edge of the umbilical aperture recedes caudally.

The two markedly unequal limbs of the caudal ring in Stage IIT (G.L. 7 mm.) pass
up one on either side of the duodenum, immediately caudal to the stomach, and fuse
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dorsally to the duodenum to form the middle anastomosis. This fusion now extends
beyond the level of the origin of the dorsal pancreatic primordium from the gut. Crani-
ally it passes over into the right limb of the cranial ring, the left limb having undergone
almost complete degeneration, so that it is now impossible to draw a sharp distinction
between the middle anastomosis and the right limb of the cranial ring. The right limb
finally enters the liver mass ventrally and lies at first almost medianly and then to the
right of the stomach, the corresponding left limb which should lie to the left of the
stomach having completely disappeared (text-fig. 3).
Further cranially, the vessel comes to lie ventrally to the cesophagus. This portion of
“the transhepatic vessel lies in front of the opening of the ductus choledochus into the gut,
and is situated in the position of the original cranial anastomosis, but it will be remem-
bered that in Stage II (G.L. 6-8 mm.) this anastomosis was penetrated to such an extent
by the trabecule that it had lost its characteristic channel-like form and had become
completely interrupted, with the result that the liver then possessed no continuous main
channel. In the present Stage III (G.L. 7 mm.), however, a secondary vessel, obviously
derived from the sinusoidal network of the cranial anastomosis, forms the cranial con-
tinuation of the right limb of the cranial ring. In this manner the venous channel through
the liver is re-opened, so that once more there is present a continuous transhepatic vessel,
single in nature, though composite in origin. This vein receives ventro-medianly the

TEXT-FIG. 4.—Perameles nasuta, Stage ITT (5°96) (G.L. 7 mm.) Sl. 4.3.16. Camera lucida outline. X 40
anas., anastomosis of the allantoic veins ; d.v.a., ductus venosus Arantii; oes., cesophagus; p.c., post-
caval ; ¢r., hepatic trabecule; v.f., gall-bladder; v.u.d.. right allantoic vein; v.u.s., left allantoic
vein.
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152 MISS M. TRIBE ON THE

large left allantoic vein and is therefore homologous with the ductus venous Arantii of
man (text-figs. 3 and 4).

In Stage IT (G.L. 6-8 mm.) the cranial anastomosis passes over without distinction into
‘the sinus venosus (text-fig. 2), and is indistinguishable from the latter except for the
fact that its cavity is invaded by hepatic tissue. As development proceeds, the ductus
venous Arantii develops, and is continued cranially by a vessel which receives the efferent
hepatic veins and emerges from the liver to open into the sinus venosus. This vessel is
the vena hepatica revehens communis of HOCHSTETTER, but in Perameles it already forms
the continuation of the postcaval vein and may therefore be termed the proximal section
of that vein from the beginning (text-fig. 3).

It is interesting to note that the two vitelline veins, though originally precisely similar
vessels, early show indications of their later very different fate. In Stage I (G.1. 6-6 mm.)
they are well developed, quite separate from one another and equal in size (text-fig. 1).
In Stage II (G.L. 6-8 mm.), in which they have united to form the cranial anasto-
mosis, and in which the other two fusions are in process of formation, their free limbs
have increased equally and slightly in size (text-fig. 2). In Stage III (G.L. 7 mm.)
(text-fig. 3) the functional regions of the vessels are larger, both distally in the yolk-sac
splanchnopleure and in the persisting portions of the intra-embryonal vessels. In
Stage IVB (G.L. 8-25 mm.) the caudal ring is still complete (text-fig. 5). In Stage IVa

Text-F16. 5.—Perameles obesula, Stage IV (10°95 b) (G.L. 825 mm.). Composite drawing made from
superimposed camera lucida outlines and viewed from the right side. Gut diagrammatic. X 23.
a, anus ; b.w.d., dorsal body-wall ; b.w.v., ventral body-wall ; diaphr., diaphragm ; d.v.a., ductus venosus
Arantii; g., gut; g.., genital tubercle; k., liver; p.c., posteaval; f., tail; w.s., umbilical stalk ;
v.a. (cd.), caudal anastomosis; v.¢. (md.), middle anastomosis; v.s. (cd.), caudal ring ; w.a. (cr.) d.,
right limb of the cranial ring ; v.u.d., right allantoic vein ; v.u.s., left allantoic vein.

G.L. 8:75 mm.) we can recognise for the first time a single continuous vessel looping
round the gut in a spiral manner.

From Stage V (G.L. 10-25, 10-5 mm.) onwards the vitelline veins have lost their
supremacy as functional vessels over the allantoics.  In Stage II1 (G.L. 7 mm.) we note
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an increase everywhere in their functional capacity, but already in Stage IV (G.L. 8-25,
8-75 mm.) the vitelline circulation has slightly decreased. Between Stage IV and Stage V
(G.L. 10-25, 105 mm.) both the sinus terminalis and the vitelline veins have increased
again slightly, this being no doubt due to the general growth of the embryo. After
Stage V both undergo progressive diminution, indicating a definite deterioration in their
function as omphalopleural placental vessels (¢f. text-figs. 3 and 6).

v.r(er)d.

v.r(cd)s.
(ed) v.a(ed)

V.V.S5.

Texr-F16. 6.—Perameles obesula, Stage VA (2 J., 16.10 "05) (G.T.. 1025 mm.).  Graphic reconstruction,
viewed from the ventral aspect. X 30. The vitelline veins are- drawn as before as though running up
from a caudal direction. d.v.a., ductus venosus Arantii; g¢., gut; %., liver; p.c., postcaval ; v.a. (cd.) .
caudal anastomosis; v.r. (cd.) s., left limb of the caudal ring ; v.s. (cr.) d., right limb of the cranial
ring ; v.u.d., right allantoic vein ; wv.u.s., left allantoic vein; v.v.d., right vitelline vein; v.v.s., left
vitelline vein. '

In Stage V (a, G.L. 10-25, B, 10-5 mm.) the two vitellines fuse in the upper part of
the umbilical stalk to form the caudal anastomosis. The left vein (left limb of the caudal
ring) forms, probably in Stage VA and certainly in Stage VB, the only continuation of the
joint vitelline vessel (text-figs. 6 and 7). It enters the body, passing up to the left of the
duodenum and then bends on itself to form the middle anastomosis. Into this, in
Stage VB, opens the mesenteric vein (text-fig. 7). The dorsal anastomosis is continued
cranially by the large right limb of the cranial ring which enters the liver and lies to the
right of the stomach, and is then continued forwards by the ductus venosus Arantii
lying ventral to the cesophagus.

Now that the spiral vessel receives the mesenteric vein (Stage VB), the cranial continua-
tion of the two may be termed the portal vein (or omphalomesenteric vein, strictly
speaking) (text-fig. 7). This vein retains the relations described above up to birth.

In the pouch-feetus (Stage VII (a), G.L. 14-14-25, () 15 mm., H.L. 7 mm.) there are
several important modifications. The extra-embryonal umbilical stalk has, of course,
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disappeared, the embryonal part remaining as the urachus. The extra-embryonal
portion of the vitelline veins is likewise completely aborted and, indeed, neither of the
limbs of the caudal ring is now recognisable as such.

The portal vein lies well to the right side of the body, dorsal to the first part of the
duodenum, and to the right of the stomach. After a considerable extra-hepatic course,

Tex1-F16. T.—Perameles obesula, Stage VB (G.L. 10’5 mm.). Composite drawing made from superimposed
camera lucida outlines, viewed from the right aspect. Gut diagrammatic. X 23. a., anus ; baw.v.,
ventral body-wall ; diaphr., diaphragm ; d.v.a., ductus venosus Arantii ; g., gut ; g.t., genital tubercle ;
h., liver; p.c., postcaval ; ¢, tail; w.s., umbilical stalk; v.a. (cd.), caudal anastomosis; v.a. (md.),
middle anastomosis; v.m., mesenteric veins and the remnant of the right limb of the caudal ring ;
v.p., porbal‘vein; v, (cd.) s, left limb of the caudal ring; wv.u.d., right allantoic vein; v.u.s., left
allantoic vein ; v.v.d., right vitelline vein ; v.v.s., left vitelline vein.

it enters the liver ventrally, lying still to the right of the stomach and representing the
right limb of the cranial ring. It is here about three times as large as the postcaval
vein. The portal vein pursues its course through the liver, giving off both large and small
afferent hepatic vessels. A little distance cranial to the opening of the ductus chole-
dochus into the gut it gradually assumes a median position and comes to lie ventral to
the cesophagus. In its course through the liver the vein retains a superficial position
almost as far cranially as the umbilical fissure, to which it lies immediately dorsal. In
this region it is much smaller than the postcaval. It rapidly diminishes in size, and is
then joined by the small allantoic vein, the joint vessel no longer opening directly, via
the ductus venous Arantii, into the postcaval, but simply forming one of the numerous
afferent hepatic veins,
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The afferent and efferent hepatic systems are now, for the first time, exclusively in
communication with one another by means of a capillary system, the ductus venosus
Arantii having degenerated. There appears to be a mere remnant of the ductus in foetus
(B), but no ligamentum venosum is recognisable in either of the pouch-young.

It is extremely difficult to trace the developmental history of the mesenteric vein. As
the alimentary canal increases in size and complexity the gut vessels become differenti-
ated. In Stage III (G.L. 7 mm.) there have appeared minute veins which return the
blood from the stomach and proximal region of the small intestine, and in Stage V (G.L.
10-25, 105 mm.) from the pancreas also, into the middle anastomosis at its junction with
the right limb of the cranial venous ring. These small vessels no doubt develop wn situ.
In addition to the above there are in Stage III (G.L. 7 mm.) small veins and in Stage V
(G.L. 10-25, 10-5 mm.) a conspicuous series of vessels, draining the greater part of the
small intestine and opening into that part of the dorsal d@nastomosis formed by the
extreme caudal limit of the bend which the vitelline vein makes as it enters the liver.
The vessels in question together form the main mesenteric vein, and they appear con-
temporaneously with the degeneration of the right limb of the caudal ring, and are derived,
I consider, at least in part, from the same (text-fig. 7, p. 154).

Tactors draining the large intestine apparently develop very largely in situ, but it is
just possible that the degenerating left limb of the caudal ring may contribute in some
small way to the same. ’

Dasyurus.—The early condition of the vitelline veins resembles that of Perameles, and
two complete rings, formed as the result of three anastomoses, are recognisable in the
embryo I1I, 8,01 of G.L. 3-3-3-5 mm., text-fig. 20(A), p. 167. The relative positions
of the anastomoses is the same as in Perameles, although here in Dasyurus the caudal
fusion comes to lie just outside the umbilical stalk.

A rather remarkable overlapping of the cranial and middle anastomoses occurs in the
embryo III, 3, °01 of G.L. 8-8, so that the gut is completely encircled by a vascular ring
over a length of 16 u.

By the time the embryo has reached a G.L. of 4-7 mm. (IV, ’01) both rings are
incomplete, the persisting portions of the veins forming the characteristic spiral vessel
encircling the gut. The composition of this vessel is precisely similar to that in Perameles
and bears the same relation to the gut (text-fig. 20 (8), p. 167).

In the embryo « of (G.L. 4 mm. the cranial anastomosis is only to a slight extent
invaded by the hepatic trabecule, but in IIT, 8, *01 (G.L. 8-3, 3:5 mm.), the fusion is
split up into three portions by the strands. In the next later embryo (IV, ’01, 4-7 mm.)
the liver has assumed a typical reticulate appearance, and the trabecul® penetrate the
vessels to such an extent that there is now only one channel traversing it. It is not
possible to say definitely whether this channel is secondarily derived from the sinu-
soidal network of the cranial anastomosis or is formed from one of the direct vascular
channels of the preceding stage, but it is very probable that it is a persisting portion of
the original cranial anastomosis, since the stages are so close together that there is barely

VOL. CCXIL—B, Y
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time for it to be completely invaded by the trabecul®, and then re-formed between the
successive stages. This channel forms the cranial continuation of the vitelline vein, but
it does not receive the allantoic vein, and is therefore not the homologue of the ductus
venosus Arantii. I shall refer to it simply as the ductus venosus for reasons adduced
elsewhere (pp. 168 et seq.). The ductus venosus runs up to open into the proximal
section of the postcaval. As in Perameles there is, strictly speaking, no vena hepatica
-revehens communis (text-fig. 20 (8), p. 167). The ductus venosus disappears in later
pouch-young and leaves no ligamentum venosum.

Factors of the mesenteric vein draining the small intestine are first recognisable in
embryo IV, °01, of G.L. 4:7 mm., but the complete disappearance of the right limb of
the caudal ring as such does not occur until the pouch-young. There seems to be con-
clusive evidence here in Dasyurus of the derivation, at least in part, of the mesenteric
vein from the right limb of the caudal ring. In embryo IV, 01, of G.L. 47 mm., this limb
1s distinctly recognisable at its diversion from the caudal anastomosis and again where it
runs into the middle anastomosis, in between which regions the vessel is broken up into
a network of minute factors lying in the mesentery suspending the small intestine and
obviously draining that part of the alimentary canal (text-fig. 8).

venir:

v.r.cdyd.n

Text-Fi6. 8.—Dasyurus viverrinus, IV, 01, C. Longl.  Text-ric. 9.—7Trichosurus vulpecula, Stage I (3, 97)
(G.L. 45 mm.). Composite drawing made from (G.L. 5 mm.). Graphic reconstruction, viewed
superimposed camera lucida outlines of sections from the ventral aspect. X 30. a.2.p., anterior
4-4-7, 5-3-4 and 5-4-1, viewed from the left intestinal portal; g., gut; %., liver; s.v., sinus
aspect. X 33. dw., ductus venosus; duod., venosus ; v.¢. (cr.), cranial anastomosis; v.u.d.,
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duodenun; ., small intestine; p.c., post-
caval; v.a. (cd.), caudal anastomosis ; v.a. (md.),
middle anastomosis; v.m., mesenteric factors ;
v (ed.) d. (1), cranial remnant of the right
limb of the caudal ring ; v.r./(cd.) d. (2), caudal
remnant of the right limb of the caudal ring;
v.r. (cd.) s., left limb of the caudal ring; v.u.,
allantoic vein.

right allantoic vein; v.u.s., left allantoic vein ;
v.0.d., right vitelline vein; v.v.s., left vitelline
vein; '
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Didelphys.—In the only available embryo, that of G.L. 85 mm., the spiral vessel is
already present. Outside the body both vitelline veins are well developed and the
caudal anastomosis is situated entirely outside the body. This anastomosis passes
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over into the spiral vein, which bears the same relation to the gut as in other forms,
although the limits of the various portions cannot be definitely determined. As usual,
the vein courses through the liver and is here continued cranially by the ductus
venosus which opens into the postcaval, but which does not receive the allantoic vein
(text-fig. 21, p. 167).

Mesenteric factors draining the stomach open into the most cranial section of the dorsal
anastomosis. The right limb of the caudal ring apparently does not contribute to the
formation of the main mesenteric vein since this limb has completely disappeared, and
there are no factors returning blood from the small intestine in this embryo. Factors
draining the large intestine open into the dorsal anastomosis.

Diprotodontia.

T'richosurus.—The early condition of the vitelline veins is essentially similar to that
of the Polyprotodonts. The two veins in Stage I (G.L. 5 mm.) run into the body of
the embryo one on either side of the still widely open mid-gut. The cranial
anastomosis is quite typical and lies immediately behind and continuous with the sinus
venosus (text-fig. 9).

vu.d.

v.r(cr)d.

v.a(md)

Texr-r16. 10. — Trichosurus vulpecule, Stage II
(v, '99) (G.L. 5 mm.). Graphic reconstruction,
viewed from the ventral aspect. X 30. The
vitelline veins and the last part of the gut are
drawn as though running up from a caudal

vvd.

TexT-F16. 11.—Trichosurus vulpecula, Stage IIL
(%, ’97) (G.L. 7 mm.). Graphic reconstruction,
viewed from the ventral aspect. X 30. d.v.,
ductus venosus; g., gut; k., liver; s.w., sinus
venosus ; v.7. (cr.) d., right limb of the cranial
ring ; v.e. (md.), middle anastomosis; v.u.d.,
right allantoic vein ; v.u.s., left allantoic vein ;
v.0.d., right vitelline vein; v.v.s., left vitelline

direction. @.i.p., anterior intestinal portal; g.,
gut; k., liver; s.w., sinus venosus; v.a. (cr.),
cranial anastomosis; v.e. (md.), middle anas-
tomosis ; v.r. (cr.) d., right limb of the cranial
ring ; v.7. (cr.) s., left limb of the cranial ring ;
v.u.d., right allantoic vein ; v.u.s., left allantoic
vein; v.w.d., right vitelline vein; vw.s., left

vitelline vein. }
vein.

By Stage I1 (G.L. 5 mm.) the middle anastomosis is established, so that there is now
one complete ring (text-fig. 10), which by Stage IT1 (G.L. 7 mm.) has already become
incomplete owing to the disappearance of its left limb (text-fig. 11).

Y 2
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In Stage VI (G.L. 7°75 mm.) the caudal anastomosis is also laid down, but the right
limb of the caudal ring has disappeared as such, so that two complete rings are never
present simultaneously (text-fig. 12).

The cranial and middle anastomoses bear the same constant relations to the gut as

Texr-ri¢. 12.—Trichosurus vulpecula, Stage VI (XX, '04) (G.L. 775 mm.). Graphic reconstruction,
viewed from the ventral aspéct. X 30. Gut omitted. d.v., ductus venosus; h., liver; s.., sinus
venosus ; v.¢. (cd.), caudal anastomosis; v.h..c., vena hepatica revehens communis; v.p., portal
vein ; v.u.d., right allantoic vein; v.u.s., left allantoic vein; v.v.d., fight vitelline vein; v.2.s., left
vitelline vein.

Trxr-v16. 18.—Trichosurus vulpecula, Stage XTI (4, ’99) (G.L. 1025 mm.). Graphic reconstruction, viewed
from the ventral aspect. X 30. Gut omitted. d.w., ductus venosus; k., liver; p.c., postcaval;
v.a. (cd.), caudal anastomosis; v.p., portal vein; ov.u.d., right allantoic vein; wv.u.s., left allantoic
vein ; v.w.d., right vitelline vein; w.v.s., left vitelline vein, k
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in the Polyprotodonts. The caudal anastomosis is long and lies from the first, unlike
that of Perameles and Dasyurus, entirely outside the body of the embryo. Later, from
Stage IX (G.L. 8'5 mm.) onwards, it migrates caudally, and there is a marked tendency
for it to become very short as in Perameles and Dasyurus, the vitelline veins remaining
separate until just before or after entering the umbilical stalk where they anastomose..

In Stage VI (G.L. 775 mm.) the caudal anastomosis passes over quite normally into
the left limb of the caudal ring and the further course of the vessel is quite typical.

g

é. W. L

cr \
/
do ve, /
' -

ed, -
e 'w__‘.//

Texr-r1e. 14.—Trichosurus vulpecula, Stage XII (5,°97) (G-L. 11'5 mm.). Composite drawing made from
superimposed camera lucida outlines, viewed from the right side. Gutdiagrammatic. X 23. a., anus ;
b.w.d., dorsal body-wall ; b.w.v., ventral body-wall ; diaphs., diaphragm ; d.v., ductus venosus ; g., gut;
g.t., genital tubercle; A., liver; p.c., postcaval; ¢., tail; w.s., umbilical stalk; v.p., i)ortal vein ;
v.r. (cd.) s., left imb of the caudal ring ; v.u.s., left allantoic vein.

The cranial anastomosis and also the separate vitelline veins for a short distance
behind it are already in Stage I (G.L. 5 mm.) invaded to a slight extent by the hepatie
trabecule (text-fig. 9). In Stage IT (G.L. 5 mm.) the strands have also penetrated into
much of the right limb of the cranial ring (text-fig. 10). This invasion continues until
in Stage II1 (G.L. 7 mm.) there remains only a main channel, rather indefinite in outline,
traversing the massive trabeculee (text-fig. 11). There has occurred, so far, no complete
interruption of the course of the vitelline vein in the region of the cranial anastomosis,
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and in succeeding stages this section of the transhepatic vessel acquires a definite and
regular wall. Thus it may be assumed that the vessel forming the continuation of the
right limb of the cranial ring is a persistent portion of the cranial anastomosis, and
therefore primary in origin. This vessel, the ductus venosus, continues on as the vena
hepatica revehens communis and does not receive the allantoic vein. Unlike Perameles
and Dasyurus the postcaval vein is not yet present behind the ductus venosus, but is
well developed in Stages XT and XIT (G.L. 1025 and 11'5 mm., text-figs. 13 and 14).

By Stage VI (G.L. 775 mm.) the typical spiral vessel is recognisable, the right limb
of the caudal ring has disappeared as such, and the first beginnings of the mesenteric
vein are laid down. It bears the same relation to the gut as described for the Poly-
protodonts and retains these relations till birth. In the pouch-young (Stage XVI,
G.L. 155 mm.) the same modifications occur as described for Perameles and Dasyurus.

With reference to the mesenteric vein, the disappearance of the right limb of the caudal
ring coincides in time with the first appearance of the mesenteric vein (Stage VI,
G.L. 775 mm.). The embryos of Stages VII and VIII (G.L. 725 mm.) are a little
backward in development, since the right limb of this ring is present, although small,
and there is no mesenteric vein.

Phascolarctus.—In the earliest embryo available (G.L. 4 mm.) only the cranial anasto-
mosis is present, and this is already completely broken up caudally by the massive
hepatic trabecule (text-fig. 17 (A), p. 165). Both middle and caudal anastomoses are
laid down in the succeeding embryo (G.L. 7°5 mm.), but the two rings are incomplete
and the typical spiral vessel is recognisable (B). In the embryo of G.L. 9 mm. it bears
the usual relations to the gut, and is continued cranially by the ductus venosus Arantii,
which receives the allantoic vein and opens into the postcaval. The ductus is thus
secondary in origin and at first (G.L. 9 mm.) is an irregular channel, although later it
forms a large intra-hepatic vessel (c). |

The cranial and middle anastomoses bear the same constant relations to the gut as in
other genera. The caudal anastomosis is at first short, and is situated where the veins
enter the body, later it increases in size and lies outside the body (G.L. 9 mm.), and
finally (G.I. 1225 mm.) it becomes very short, and is situated in the distal part of the
umbilical stalk.

In the embryo of G.L. 1225 mm. definite mesenteric factors open into the dorsal
anastomosis, but the extra-embryonal sections of the vitelline veins, the caudal anasto-
mosis and the left limb of the caudal ring are all well developed (text-fig. 17 (c), p. 165).
This condition is retained in the embryo of G.L. 17 mm. In that of G.L. 18 mm. there
is just a remnant of the umbilical stalk and the extra-embryonal sections of the veins
have entirely disappeared, although the left limb of the caudal ring is still recognisable
within the body ending in relation to the umbilical stalk.

In the new-born young of G.1.. 16'5 mm. the left limb of the caudal ring ends blindly
within the body. The ductus venosus Arantii has now disappeared, and there is no
trace of a ligamentum venosum,
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The disappearance of the right limb of the caudal ring (G.L. 775 mm.) does not
coincide in time with the appearance of the mesenteric factors which are first recognisable
in the embryo of G.L. 1225 mm., where there are also fair-sized vessels returning blood
from the large intestine, both series opening into the dorsal anastomosis.

Phascolomys.—The early condition of the vitelline veins cannot be determined as there
are no very young embryos available. In that of G.L. 155 mm. the two veins do not
unite until actually within the umbilical stalk, where presumably they form the very
short caudal anastomosis which is continued by a typical spiral vessel bearing the normal
relations to the gut and receiving in the region of the dorsal anastomosis the mesenteric
vein. The portal vein is continued cranially by the ductus venosus, which does not
receive the allantoic vein, but runs up to open into the postecaval (text-fig. 18, p. 166).

This condition of the portal vein is the same in the embryo of G.L. 175 mm. which
is probably shortly before birth. No new-born young are available for investigation.

In the embryos of G.L. 875 mm. and 9 mm. the right limb of the caudal ring has
already disappeared, and mesenteric factors draining the small intestine open into the
dorsal anastomosis.

Macropods.—In the very young embryo of Macropus ruficollis of G.L. 5°2 mm. the fused
vitelline veins are continuous in front with the single endothelial heart tube, but behind
this they lie well separated from one another (text-fig. 15).

S.v—

ht.

e U. . S.

Texr-F16. 15.—Macropus ruficollis (G.L. 52 mm.). Text-¥i¢. 16.—Macropus ruficollis ((.L. 67 mm.).

Graphic reconstruction, viewed from the ventral Graphic reconstruction, viewed from the ventral
aspect. X B0. ht., endothelial heart tube; pl., aspect. X 25. A, liver; s.w., sinus venosus;
plexus common to posteardinal and allantoic v.a. (cr.), eranial anastomosis ; v.«. (md.), middle
veins ; v.0.d., right vitelline vein; v.v.s., left anastomosis; v, (cr.) d., right limb of the
vitelline vein. ‘ cranial ring ; v.r. (cr.) s., blind ending of the

left limb of the cranial ring; wv.a.d., right
allantoic vein; v.u.s., left allantoic vein; v.v.d.,
right vitelline vein ; v.v.5., left vitelline vein.

In the older embryo of M. ruficollis of G.I. 6:7 mm. both the cranial and the middle
anastomoses are present. The latter is extremely large and apparently completely
encircles the gut except for a median ventral partition. It passes over cranially into
the limbs of the cranial ring, of which the right is considerably the larger. The left ends
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blindly, but the right passes over into the cranial anastomosis which 1s very largely invaded
by trabeculze. Two channels nevertheless remain open, a large median and a smaller
right one, both of which emerge from the liver tissue and open into the sinus venosus
(text-fig. 16).

No mesenteric factors are yet recognisable.

Later development apparently proceeds along the same general lines as in the other
Marsupials (text-fig. 19 (a) and (B), p. 166).

The Allantoic Circulation.
Polyprodontia.

Perameles.—In the late foetus of Perameles the allantois is a large sac with a com-
paratively thick stalk in which run the two arteries and the single vein. The wall of
the vesicular portion is well vascularised and fuses with the chorion to form the richly
- vascular allanto-chorion. This unites with the uterine wall to form the allantoic placenta
which is fully functional during the mid and later periods of gestation. Before this the
feetus is nourished solely by means of the omphalopleural placenta (¢f. HiLw, *97).

The allantois in Stage I (G.L. 6:6 mm.), viewed from the ventral aspect, appears as a
deep pit. As one would expect from its small size, the vein is not yet laid down in this
region, but in the left and right body walls there exist plexuses of minute vessels common
to the allantoic and to the postcardinal veins. The plexus of each side opens cranially
into the lateral heart tube and connects up with the dorsal aorta. It lies dorso-medianly
to the vitelline vein in the peripheral region of the embryonal somatopleure.

In Stage II (G.L. 6:8 mm.) the allantois is differentiated into vesicular and tubular
portions, and is probably united with the chorionic mesoderm. The allantoic circulation
is now definitely established and comprises the two arteries and the single vein. The
latter divides into two approximately equal branches which pass up into the right and
left body walls to open into the sinus venosus (text-fig. 2, p. 149).

In Stage III (G.L. 7 mm.), in which the allanto-chorionic trophoblast is definitely
attached to the uterine syncytium, the allantois has increased greatly in size. The vein,
as compared with the preceding stage, is about twice as big in the stalk and is an extremely
large vessel. It is noteworthy, moreover, that whilst the right body wall vein has
remained constant in size, the left has markedly increased. Kach receives factors from
the body wall as it travels cranially and both veins have now made connection with the
hepatic circulation (text-fig. 3, p. 150). The right anastomoses with the left (text-fig. 4,
p. 1561) and in addition enters the liver, where it breaks up immediately into small vessels
which merge into the general network of that organ. The much larger left vein also
enters the liver and soon joins the vitelline vein (right limb of the cranial ring), the cranial
continuation of the two forming the ductus venosus Arantii (text-fig. 4, p. 151). In some
embryos (Stages I1I, IVB) the allantoics anastomose with one another (text-fig. 4, p. 151),
in others (Stages IVa, Va, and VI) there is no definite connection. In one embryo
(Stage IVB) the right vein can exceptionally be traced through the liver into the post-
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caval (text-fig. 5, p. 152). In StageIVa theinteresting variation occursin that the left
vein opens separately from, and more cranially than, the ductus venosus Arantii, into
the postcaval.

It is noteworthy, then, that whereas the right allantoic vein has no intrahepatic
course, the left has a voluminous short one which later becomes of considerable length.
(Stages IV, Vand VI.) Whereas the vitelline vein enters the liver near its caudal ventral
limit and travels in a cranial direction, the allantoic runs up in the ventral body wall and
enters the most cranial region of the liver. It then turns abruptly back on itself and
pursues a cranio-caudal course within that organ until it meets the vitelline vein (text-
fig. 7, p. 154). '

As the result of the establishment of this connection of the allantoic veins with the
hepatic circulation the portions of the two veins in front of the same have suffered
reduction. The right, however, still retains its opening into the sinus venosus. By
Stage IV (G.L. 875, 825 mm.) this also has entirely disappeared. Opening into the
veins are well marked factors returning blood from the body wall caudal to the umbilical
stalk and also smaller factors returning blood from the body wall cranial to the liver.

The inequality between the allantoic veins in the body wall, first noticeable in Stage III
(G.L. 7mm.), becomes more marked as development proceeds. In Stage IV (G.L. 825,
875 mm.), in which the allantoic placenta is functional, the single vein of the stalk has
not altered in size as compared with that of Stage III. It continues practically in its
entirety into the left body wall vein which has increased somewhat, whereas the right
is a small and possibly discontinuous vessel. In Stage V (G.L. 1025, 10'5 mm.)
there is no trace at all of any division, the vein of the stalk passing over completely into
the left body wall. In Stage VI (G.L. 12:25, 12'5 mm.) the right vein, now a small
and branching vessel, is still connected with the hepatic circulation in embryo (a) but
not in embryo (b). In both pouch-foetuses (Stage VII, G.L. 14-1425, 15 mm.) the right
vein has.Jost its connection with the liver, and in the body wall it is still represented by
a branching vessel. The left vein in the new-born young (a) is still recognisable in the
body wall, but no longer possesses an extra-embryonal portion. In the slightly older
pouch-young (b) the left vein is a minute degenerate vessel on entering and also
within the liver. Caudal to this region, the vein runs back in the ventral body wall,
posteriorly receiving two small factors. In foetus (a) the further course of these is not
traceable, but in foetus (b) they would seem to terminate in connection with the urachus.

We note, then, that the left allantoic vein is the sole functional vessel returning blood
from the allantoic placenta and that it possesses a voluminous intrahepatic channel.
As the allantoic replaces the omphalopleural placenta in function so the allantoic vessels
become proportionately larger than the vitelline. From Stage I (G.L. 6°6 mm.) onwards
the vitelline vessels increase in size, until in Stage ITI (G.L. 7 mm.) the omphalopleural
placenta is fully functional From Stage V (G.L. 10-25, 10'5 mm.) onwards the vitelline
vessels gradually diminish in size, whilst the allantoic vessels having gradually increased
up to Stage III (G.L. 7 mm.) do not thereafter diminish, except in so far as the elongation

VOL. CCOXIL.—B, Z


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

164 MISS M. TRIBE ON THE

of the stalk causes them apparently to do so, but they become, on the contrary,
proportionately larger than the vitelline. The allantoic circulation from Stage V
(G.L. 105, 1025 mm.) onwards plays the dominant part in the nourlshment of the
- embryo, the yolk-sac vessels being less important.

Dasyurus.—In correlation with the degenerate and functionless condition of the
allantois, the embryo of Dasyurus is nourished exclusively through the agency of the
yolk-sac and a definite omphalopleural placenta of somewhat complex character is
present (¢f. HiLL, *00).

The allantois is almost devoid of vessels. The allantoic veins are almost entirely
body wall veins, small and nearly equal in size. They do not possess a functional intra-
hepatic course, but fuse in the body wall and then pass directly up to open into the post—.
caval as the latter emerges from the liver (text-fig. 20 (), p. 167).

Didelphys.—The allantois in Didelphys resembles that of Trichosurus and Macropus
and lies remote from the chorion, never coming into contact, much less fusion, with the
same.

The single vein of the stalk divides into a larger vessel running up in the left body
wall and a smaller one in the right. Cranially they anastomose and beyond that they
separate and enter the liver mass cranially, fusing therein to form a single vessel which
runs up to open into the postcaval as this latter is about to emerge from the liver. Thus
the allantoic veins do not possess a functional intrahepatic course (text-fig. 21, p. 167).

Diprotodontia.

Trichosurus.—The allantois in Trichosurus is comparatively well developed but
free. Tt is vascularised but not very extensively, and the allantoic trunks are in con-
sequence of small size.

The allantoic veins are unequal in size and they occasionally anastomose with one
another. Both are unimportant, neither opens into one of the main transhepatic vessels
nor possesses.an intrahepatic course (text-figs. 9, 12 and 13, pp. 156, 158).

Phascolarctus.—The allantois when fully developed is large and well vascularised
and fuses with the chorion, the allanto-chorion being richly vascular and lying in close
apposition with the uterine wall.

The allantoic veins are unequal in size and they may anastomose with one another.
The left vein is a large and important vessel which communicates at first with the liver
sinusoids, but later possesses an intrahepatic course of its own and joins with the vitelline -
vein to form the ductus venosus Arantii.(text-fig. 17, p. 165). -

Phascolomys.—Prof. HiLi’s unpublished observations show that the allantois, when
fully developed, is large, well vascularised and fuses with the chorion, the allanto-chorion
being richly vascular. Asin Phascolarctus, the allanto-chorion comes into close apposition
with the uterine wall, the placenta being fully functional.

The allantoic veins are unequal. The left vein is of only moderate size and possesses
practically no intrahepatic course of its own (text-fig. 18, p. 166).
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Macropods.—The fully formed allantois is similar to that of Trichosurus. It is com-
paratively well developed, but free and not very extensively vascularised.

In early stages the allantoic veins are approximately equal. In late stages (between
which and the earlier ones there is a considerable gap) they are minute; in one case
(M. thetidis) neither vein has an intrahepatic course of its own, in the other case (Petrogale)
the right vein has a fair sized but comparatively short channel through the liver into
the postcaval vein (text-figs. 15, 16 and 19, pp. 161, 166).

B

Comparison and Discussion.
The Intrahepatic Course of the Allantoic Veins.

The functional condition of the allantois apparently influences to a certain extent the

course and size of the allantoic vein. ,
~ In Perameles there is a functional allantoic placenta, and the large left vein has a long
intrahepatic course (text-fig. 5, p. 152).

In Trichosurus, on the other hand, where the allantois has not an important function,
the left vein is small, and, on entering the liver, loses itself at once in the sinusoidal net-
work of that organ (text-figs. 13 and 14, pp. 158, 159).

This correlation between the functional condition of the allantois and vein holds good
for all the Marsupials investigated with one exception, viz., Phascolomys.

Phascolarctus agrees with Perameles in all essentials (text-fig. 17 (¢) ).
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TexT-F16. 17.—Phascolarctus cinereus. Schematic diagrams. () G.L. 4 mm. (8) G.L. 7’6 mm. (¢) G.L.
13’5 mm. d.v.a., ductus venosus Arantii; k., liver; p.c., postcaval; s.., sinus venosus; wv.a. (cd.),
caudal anastomosis; v.a. (cr.), cranial-anastomosis; v.p., portal vein; v, (cr.) d., right limb of the
cranial ring ; v.u.d., right allantoic vein ; v.u.s., left allantoic vein ; v.v.d., right vitelline vein ; v.v.s.,
left vitelline vein. :
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Phascolomys also possesses a functional allantoic placenta, but strangely enough the
left vein is only of moderate size and its relations essentially resemble the type met with
in Trichosurus, in that it becomes merged in the liver sinusoids very soon after its entry
(text-fig. 18). The reason for this marked difference is quite obscure.

z 2

PHILOSOPHICAL
TRANSACTIONS
(@)



http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

166 MISS M. TRIBE ON THE

In Dasyurus, Didelphys and the Macropods (where the allantois is of no importance as
a nutritive or respiratory organ) the course of the vein may be interpreted as agreeing

. —v.v.s.

Text-Fic. 18.—Phascolomys muatchelli. Schematic diagram (G.L. 155 mm.). d.»., ductus venosus ;

h., liver ; p.c., postcaval ; v.a. (cd.), caudal anastomosis ; v.p., portal vein ; v.u.s., left allantoic vein ;
v.0.d., right vitelline vein ; v.v.s., left vitelline vein.

in essentials with that of Trichosurus, although the same result is arrived at by a somewhat
different arrangement.
Macropus presents essentially the same arrangements as Trichosurus (text-fig. 19 (B) ).

TexT-FIG. 19.—(A) Petrogale pencillata (G.L. 17 mm.). (B) Macropus thetidis (G.L. 18'5, H.L. 75 mm.).
Schematic diagrams. d.v., ductus venosus ; h., liver; p.c., postcaval ; v.a. (cd.), caudal anastomosis ;
v.p., portal vein; v.u.d., right allantoic vein; v.u.s., left allantoic vein; v.0.d., right vitelline vein ;
0.0.8., left vitelline vein. ‘

In Dasyurus, Didelphys and Petrogale the single vein or the two veins do indeed possess
a shorter (Dasyurus and Didelphys) or a longer (Petrogale) channel-like intrahepatic
course, but the blood is thrown into the postcaval, immediately (Dasyurus and Didelphys)
or only a short distance (Petrogale), before the emergence of the latter vein from the
liver (text-figs. 20 (B) and 21 and 19 (4) ).
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By taking into consideration the conditions found in the rest of the Amniota (see
p. 168) we are justified in concluding that the establishment of an intrahepatic channel

Text-ri¢. 20.—Dasyurus viverrinus. Schematic diagrams. (a) III 5, 01 (G.L. 33 mm.). (B) IV, 01
(G.L. 47 mm.). d.v., ductus venosus; k., liver; p.c., postcaval; s.., sinus venosus; wv.a. (cr.),
cranial anastomosis; v.a. (cd.), caudal anastomosis; wv.a., (md.), middle anastomosis ; v.p., portal
vein; v.u.d., right allantoic vein; v.u.s., left allantoic vein; wv.w.d., right vitelline vein; v.v.s., left
vitelline vein.

Texr-F16. 21.—Didelphys marsupials. Schematic diagram (G.L. 85 mm.). d.., ductus venosus ;

h., liver; p.c., postcaval ; v.a.(cd.), caudal anastomosis ; v.p:, portal vein ; v.u.d., right allantoic vein ;
v.u.8., left allantoic vein ; v.v.d., right vitelline vein ; v.0.s., left vitelline vein.

for the allantoic blood-stream is mainly dependent on the volume of blood brought to
the liver by the allantoic veins.

The variations found amongst those Marsupials which show a degenerate allantois
are to be expected. These forms do agree, however, in the absence of any connection
between the allantoic and vitelline veins, but in some genera the former vein possesses an
intrahepatic course of its own, while in others it does not (text-figs. 19, 20 and 21,
pp. 166, 167).

It has not been found possible to correlate the variations of the allantoic vein with the
metabolic function of the liver. Tt is obviously necessary that there should be an arrange-
ment whereby the cells are enabled to exert a fairly prolonged action on the blood coming
from the allantois, when this is nutritional in function, but that the vein should possess
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an intrahepatic channel is not a necessity since the metabolic changes can presumably
take place equally well in the liver sinusoids. Moreover, as we have seen, a long intra-
hepatic channel may occur when the allantois is purely respiratory, in which cases it
could be of no functional value.

Again, the level of the entry into the liver of the allantoic vein does not appear to have

any influence on its course therein. It does not always run into the nearest transhepatic
channel, but will sometimes take a course to a vessel which is more distant.

The Ductus Venosus Arantii.

I propose to restrict the term ductus venosus Arantii to the condition originally de-
scribed by Arantius in 1564 for the human foetus. According to Arantius (’64) the channel
(to which the term ductus venosus Arantii is now generally applied) ““ is a conjunction
... . found in the liver, to wit, of the portal vein and the vena cava and which is of use to
the foetus only while it is in the uterus. This conjunction is made of two considerable
branches, one arising from the portal vein opposite the junction of the umbilical vein and
the other continued from the vena cava in the substance of the liver. So that if you
introduce a probe into the umbilical vein you will arrive in the trunk of the portal vein
and then, by means of the said continuation, straight into the vena cava.”*

In many forms, however, the vitelline and allantoic veins are not continued cranially
by a single vessel, but the vitelline vein alone is continued on by a channel which corre-
sponds in position to the ductus venosus Arantii and possesses its own separate opening
into the postcaval. In this case the allantoic vein either simply merges in the liver sinu-
soids or runs through this organ with a channel of its own to open into the postcaval
with an opening distinct from that of the vitelline vein. The above-mentioned channel,
forming the cranial continuation of the vitelline vein alone, is not, strictly speaking, a
ductus venosus Arantii, and to avoid confusion I think it would be better, following the
suggestion of Prof. Hill, to use for it the more general term of ductus venosus. It should
be borne in mind that the connection of the allantoic with the vitelline vein is purely
secondary. ‘

Amongst the Eutheria a ductus venosus Arantii is present in all the forms which have
been investigated, with one exception. The connection between the allantoic and vitel-
line veins may be absolutely direct, Rabbit, HOCHSTETTER, *93 (B) ; Sheep, BoNNE, "04 ;
Pig, BraD1EY, '08 ; Mouse ; or very nearly direct, in which case the veins communicate
by means of large capillaries arising from the opposed ends of the vessels in question
(Rabbit, BoNNE, '04). (Text-figs. 22 and 24 (c), pp. 169, 172.)

In the Guinea-pig there is no ductus venosus Arantii (ZUMSTEIN, ’97, text-fig. 23 (c).

Amongst Marsupialst it occurs only in Perameles and Phascolarctus (text-figs. 6,

* T am much indebted to Prof. Woop Jongs for affording me the opportunity of studying Arantius
in the original and also to Sir GroreE TuANE for his kindness in translating it.

+ McCLURE (*06) refrains from using the term ductus venosus Arantii in Didelphys because there is no
direct connection between the vitelline and allantoic veins.
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p. 153, and 17, p. 165), that is to say, only in those forms which possess a functional
allantoic placenta (Phascolomys being an exception).

In Echidna there is a vessel given off from the communicating branch between the
vitelline and allantoic veins which runs into the postcaval. To this HocHSTETTER applies
the term ductus venosus Arantii. (He gives no illustrations.) (HOCHSTETTER, ’96.)

In Tropidonotus there is no ductus venosus Arantii (HocHSTETTER, '93 (a) ) (text-fig.
23 (B) ). In Lacerta there occurs a short vessel which forms the cranial continuation of
two vessels, viz., (@) the allantoic vein, (b) a vein which arises as a secondary anastomosis

P C. U,

v, pe
dw.

TEXT-FIG. 23.—

(A) Bird, after HocHSTETTER, ‘88 ; fig. 6, Taf. XXIV.
(B) T'ropidonotus natriz, after HocuSTETTER, 93 (@) ; Plate XVII, fig. 17.
(¢) Guinea-pig, after Zumsrrin, 97,

o part of fig. 6, taf. XXTII, of an embryo of 21 days.

B part of fig. 7, taf. XXIV, of an embryo of 20-21 days.

In (¢) the vein marked d.v. is the vitelline vein of ZuMsTEIN. It should be noted that in some
embryos («) the vitelline vein does not open into the postcaval, in others (8) it does. d.v., ductus
venosus ; h., liver; p.c., postecaval ; s.v., sinus venosus ; v.h.d., right hepatic vein ; v.h.s., left hepatic
vein ; v.u., allantoic vein ; v.v., vitelline vein.

between the vitelline and allantoic veins within the liver (HoCHSTETTER, *93 () ) (text-fig.
22 (4),p.169). HocHsTETTER himself refrains from using the term ductus venosus Arantii,
because there is no direct communication between the vitelline and allantoic veins, but
I see no reason why the cranial continuation of the veins () and () should not be termed
the ductus venosus Arantii, for, as we shall see later, the vitelline vein within the liver in
some Marsupials is entirely broken up by hepatic trabecule, a venous channel being
reformed therefrom at a later stage, much in the same way as the '‘secondary
anastomosis ”’ between the two veins is formed in Lacerta, according to HOCHSTETTER.

In the Chick there is no ductus venosus Arantii. (HOCHSTETTER, ’88) (text-fig. 23 (a),
p- 170). HocaSTETTER makes use of the term ductus venosus for the cranial continuation
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of the vitelline vein within the liver, but expressly says that it is not the homologue of
that of Mammals.*

The term ductus venosus Arantii has alwa,ys been applied to the definitive relations
of the vessel irrespective of its mode of origin. As a matter of fact, both ductus venosus
and ductus venosus Arantii vary so considerably in their origin that it is impossible to
give an ontological definition of either. All one can say is that the ductus venosus
Arantii is the common channel through which blood from the vitelline and allantoic veins
enters the postcaval, whilst the ductus venosus is that channel through which the blood
from the vitelline vein alone enters the postcaval.

As concerns their origin, the channel may be simply derived from the cranial anasto-
mosis between the vitelline veins, of which it is a persistent portion (Trichosurus,
Chick and probably also Dasyurus), or slightly more complicated in origin when it
arises as a secondary vessel formed by the flowing together of the hepatic sinusoids,
these being derived from the cranial anastomosis (Perameles, Phascolarctus, Didelphys,
Man) (INcaLLs, 07, and His, ’85), where, according to the latter it arises as well from
twigs radiating out from under the sinus venosus (text-figs. 24 (A) and (B) and 22 (¥)).
Or the channel may be much more complicated in origin as in the Rabbit (to quote only
BoxxE, ’04, who has studied this form more recently than HocusteETTER '93 (), and
Vax PiE, ’99), where the two ends arise independently. . The superior extremity is
situated in the angle formed by the proximal trunk of the right vitelline and right
allantoic veins and the posterior face of the sinus venosus. This portion is situated in
the region of the opening of the mesolateral vein into this common trunk, but according
to BoNNE it does not communicate with the mesolateral vein as HocHSTETTER and
Van Pk assert. The inferior extremity communicates with capillaries arising from the
left allantoic and left vitelline veins (text-fig. 24 (c) ).

Lack of enough sufficiently early material does not permit of the determination of
the mode of origin of the ductus venosus in Phascolomys or in the Macropods. In the
Gluinea-pig (ZUMSTEIN, ’97), and in the Pig (BrRADLEY, ’08), it is apparently secondary.
In the Mouse there is not sufficient early material to determine the origin. In Echidna,
according to HOCHSTETTER, *96, it is secondary, but he did not actually observe the cranial
anastomosis. ‘

It is obvious, then, that the mode of origin of the channel is so variable as to be of no
importance.

Neither the relations of the allantoic vein to the hepatic vascular system nor the
mode of origin of the ductus seems to throw any light on the inter-relationships of the
Marsupials or of these to other groups of animals, since a ductus venosus Arantii of
secondary origin occurs in Perameles (a Polyprotodont), Phascolarctus (a Diprotodont),

* It was BaLrour, *74, who revived the term meatus venosus of the older investigators and applied it
to the sinus venosus and the ductus venosus, the latter being that part surrounded by the liver. For this
reason one is not justified in applying the term meatus venosus to the ductus venosus of HOCHSTETTER’S
diagrams, as LiLLIE, *08, does.

VOL, CCXIL.—B, 2 A
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Lacerta, Man, Rabbit and probably in Echidna, and a ductus venosus of secondary origin
in Didelphys and probably also in Dasyurus (Polyprotodonts), and of primary origin
in Trichosurus (a Diprotodont) and the Chick.

C

TEXT-FIG. 24.—
(A) Man, after INoALLs, '07 ; text-fig. 12 (G.L. 49. mm.).
(B) Man, after His, ’85 ; part of text-fig. 130.
(c) Rabbit, after BoNNE, 04 ; fig. 3, plate VI (G.L. 5 mm.).

Figure (c) is modified, in that the majority of the capillaries and the gut are both omitted. d.c.,
Cuvierian duct; d.v.a., ductus venosus Arantii; g¢., gut; k., liver; s.., sinus reuniens; s.v., horn
of the sinus venosus; wu., union between the ductus venosus Arantii and the end of the left vitelline
vein ; v.h., hepatic vein ; v.w., allantoic vein; v.u.d., right allantoic vein; v.u.s., left allantoic vein ;
v.0., vitelline vein ; v.v.d., right vitelline vein; v.v.s., left vitelline vein; wvw.d. and v.v.d., opening
of the right vitelline and the right allantoie vein into the sinus reuniens.

The order of the formation of the vitelline anastomoses.—The normal ontogenetic order
of the formation of the anastomoses is apparently (1) the cranial ; (2) the middle ; and
(3) the caudal.

This order occurs in the Chick,
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In Lacerta (HHOCHSTETTER, '93 (a)) the middle and caudal appear simultaneously,
whereas the cranial is not formed by simple fusion but by means of accessory branches
arising from the section of the vitelline veins situated in front of the middle anastomosis,
after this latter, as well as the caudal fusion, have been laid down.

Amongst Marsupials the cranial anastomosis is the first to appear (Perameles, Dasyurus,
Trichosurus and Phascolarctus), or the cranial and middle fusions occur for the first
time in the same embryo (Macropus). Generally the middle and caudal appear later
than the cranial, and for the first time in the same embryo (Perameles, Dasyurus and
Phascolarctus), or the caudal is laid down afterwards (Trichosurus).

In the rabbit the cranial fusion is formed simultaneously with the dorsal (Van Pig,
’99), or after the dorsal (HocHSTETTER, '93 (b) ). In Man the proximal ring is formed
before the distal ring (His, ’85).

The efferent veins from the yolk-sac.—In Marsupials (Perameles, Dasyurus, Trichosurus,
Phascolomys and Phascolarctus) both vitelline veins return blood from the yolk-sac.
In late stages, right up to the time when the extra-embryonal portions of the vitelline
veins degenerate, they fuse to form the caudal anastomosis and the joint vessel is con-
tinued cranially, first by one and then by the other of the two veins, viz., the left vein,
the middle anastomosis, the right vein. Thus the contribution of the two veins to the
single intra-embryonal vessel is precisely equal and, further, there are two efferent
veins from the yolk-sac and not the left only as in Man (Evans, ’12).

The wnclusion of the vitelline vein within the liver.—-In Marsupials (Perameles, Dasyurus,
Trichosurus, Phascolomys, Phascolarctus and Macropus) it is the right vein (right limb
of the cranial ring) that actually enters the liver. In Man (INeaLLs, 07, and His, ’85),
apparently the middle anastomosis is included within the liver, the left vein (left limb
of the caudal ring) being regarded as that section which actually enters the liver.

The early position of the opening of the allantoic veins.—In Lacerta (HoCHSTETTER,
’93 (@)), the allantoics open in common with the vitelline veins into the sinus venosus.
In Birds (BrounA, quoted by HocCHSTETTER, '88) they open on each side into the
Cuvierian duct. Amongst Marsupials they open first into the lateral heart tubes and
later into the sinus venosus when this is recognisable (Perameles, Dasyurus and Macro-
pus), or from the first into the sinus venosus (Trichosurus, Phascolarctus). In the
Rabbit they open into the sinus venosus (HocHSTETTER, '93 (b)), or the vitelline and
allantoic veins of each side unite into a single vessel which then opens into the Cuvierian
duct (BoxNg, '04). In Man (Evans, ’12) a common vitello-umbilical trunk opens into
the sinus venosus.

The relative sizes of the allantoic veins.—The allantoic veins in the Marsupialia are
markedly equal, the left being considerably larger in the majority of genera (Perameles,
Didelphys, Trichosurus, Phascolomys and Phascolarctus). In one Macropus embryo
they are equal, in one Petrogale embryo the right is larger than the left. In Dasyurus
it is noteworthy that the two are approximately equal and that they fuse to form a
common stem within the liver before they run up to enter the postcaval. Didelphys

2 A2
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approximates to this condition in that the two fuse within the liver to form a common
stem, although their contributions are unequal. Where the two veins are markedly
unequal fusion may occur in the ventral body wall in some embryos (Perameles,
Trichosurus and Phascolarctus), the left vein always possesses its own opening into
the liver, and the right may either retain its opening always (Perameles and Didelphys),
or only sometimes (Trichosurus), or lose it in all later stages (Phascolomys).

The mesenteric vein.—In Dasyurus the mesenteric vein draining the main part of the
small intestine is derived, at least in part, from the right limb of the caudalring. Although
this is the only genus in which we can actually see the process of the partial derivation
of this vein from the caudal ring, in three other forms, Perameles, Trichosurus and
Phascolomys, the appearance of the one coincides in time with the degeneration of the
other. In Phascolarctus and Didelphys, however, this coincidence does not occur ; in
the former the right limb degenerates some considerable time before the mesenteric
factors appear, and in the latter, in the single embryo-available, the limb had disappeared
and the vein not yet made its appearance.

C. Part II.—THE DEVELOPMENT OF THE POSTCAVAL VEIN WITH SPECIAL
REFERENCE TO DASYURUS.

The hepatic and renal sections of the postcaval vein.

Stage I, ’01.—In the early embryo of Dasyurus of G.L. 4'8 mm. the arrangement of
the large veins is quite symmetrical. The vitellines are equal and they pass over quite
imperceptibly into the sinus venosus. The anterior cardinals are also well developed,
but the posteardinal, and allantoic, veins of each side are only represented by a commeon
plexus which connects up with the dorsal aorta. Each anterior cardinal and this plexus
open together on either side into the sinus venosus.

Stage I1.—1In a slightly older embryo of G.L. 3:6~4 mm. (A) the cranial anastomosis
passes over directly into the sinus venosus. The allantoics and postcardinals are
symmetrical vessels, the two former of the same side opening separately into the sinus
venosus, each of the latter joining with the anterior cardinal of its own side to open into
the corresponding duct of Cuvier. The anterior cardinals are considerably larger than
the posterior. The latter are recognisable distally behind the umbilicus, each probably
anastomosing with the allantoic of its own side in the region of the hind limb bud. This
anastomosis and the section of the body wall vessel behind it will presumably form the
iliac vein. In front of this, the posterior cardinal runs forwards towards the mesonephros,
which is well developed. It lies dorso-laterally thereto and receives tributaries from it
throughout its course. In three of the embryos of this stage one or both of the veins
canhnot be traced continuously throughout the extent of the mesonephros, perhaps as
the result of the collapse of their walls owing to the pressure of the growing mesonephros.
The postcardinals receive the spinal veins throughout their course.

At this stage, then, the blood returned from the posterior end of the embryo may either
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pass into the allantoic veins and so straight to the heart or some of it may pass via the
primordia of the iliac veins into the postcardinals and thus indirectly to the heart.

Stage 111 B, °01.—The arrangement of the main venous trunks is not modified in any
way in the next embryo of G.L. 3:3-3'5 mm. (text-fig. 25), except that the vitellines have

Text-F16. 26.—Dasyurus viverrinus, Stage IIT B, 01, B. (G.L. 3'3-3'5- mm.). Graphic reconstruction,
viewed from the ventral aspect. X 66. The middle region of the left postcardinal and its medial
derivative have been omitted in the graph, but both veins are paired and symmetrical in the embryo.
a.c.v., anterior cardinal vein ; a.v., the stem of the vitelline artery at its origin from the dorsal aorta ;
h., liver ; mn., mesonephros ; p.c.v., postcardinal ; p.c.v’., medial derivative of the right postcardinal ;
s.v., sinus venosus ; v.¢.c., common iliac vein; v.u.d., right allantoic vein ; v.u.s., left allantoic vein.

now completed the formation of their three anastomoses, the cranial one being already
partially split up by the hepatic trabecule.

The mesonephroi are now obviously functional. They are elongate organs stretching
from just behind the sinus venosus right back to the level of the hind limb bud. They
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are supplied by about nine pairs of arteries, which do not appear to be always paired nor
segmentally arranged. The posterior cardinal veins are large and receive numerous
tributaries from the mesonephroi.

Postcardinal veins.—These are now perfectly continuous throughout their length.
They appear to have lost their connection with the allantoics and simply form the
cranial continuations of the common iliac veins. They lie laterally to the mesonephros
when first they come into relation with this; more cranially, however, they are situated
dorsally thereto. From the primordia of the suprarenal bodies, which are now just recog-
nisable, the postcardinal veins receive a limited number of small tributaries. In addition
to the posteardinals there occurs in all the Dasyurus embryos of this stage another paired
vein running back from just behind the posterior limit of the liver to a point slightly
caudal to the origin of the vitelline artery from the dorsal aorta. These veins lie along
the middle third of the mesonephros, parallel to the postcardinals and to their medial
side, being connected with them at intervals (text-figs. 25 and 26). They frequently

§\\\\|Iln.,"
c%

Y W

TexT-F16. 26.—Dasyurus viverrinus, Stage II1 B, 01, B. (G.L. 3'3-3'5 mm.) Sl 7.1.5. Camera lucida
outline. X 166. a.mn., mesonephric artery; a.sp., spinal artery ; c., centrum; ce., ceelom; d.a.,
dorsal aorta ; mn., mesonephros ; p.c.v., postcardinal ; p.c.v’., medial derivative of the postcardinal ;

v.8p., spinal vein.

receive tributaries from the mesonephros as well as from the suprarenal primordium and
there open into them several of the spinal veins. These veins must be regarded as having.
been derived from the posterior cardinals.

It is noteworthy that these medial derivatives of the postcardinal veins lie dorsally
to the mesonephric arteries (text-fig. 26) and therefore do not represent the primordia
of the subcardinal veins. They apparently help to drain the middle region of the
mesonephros at this stage ; later they become less conspicuous, and apparently contribute
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to the formation of the direct anastomoses which come to be formed between the post-
cardinal and the subcardinal veins. I have not observed similar vessels in any of the
other Marsupials investigated. Moreover, they do not correspond either to the anterior

a.cr.

p.ev.

T

|
llunnuuw@x}mwm
X

the ventral aspect. X 66. The left common iliac vein as well as the left supracardinal system of
veins have been omitted in the graph. a.c.v., anterior cardinal ; a.v., vitelline artery ; d.v., ductus
venosus ; k., liver ; mn., mesonephros; p.c. (hep.), pars hepatica of postcaval; p.c.v., postcardinal ;
spre. pl., supracardinal plexus; subc. (d) and (s) right and left subcardinals; s.v., sinus venosus ;
v.4.c., common iliac vein ; v.u., common allantoic vein.

mesial, or to the ventral, veins, described by SaBiv (’15) in the embryo pig, since their
positions in relation to the mesonephros are different. They, however, probably function
in just the same way as these other vessels, but appear to be more transitory in character.
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Very marked progress is to be noted in the development of the veins (text-fig. 27).
The allantoics no longer communicate with the sinus venosus, but open together into the
hepatic section of the postcaval, which meantime has developed and which forms the
cranial continuation of the vitelline vein within the liver. The subcardinal veins are
now definite and approximately equal channels. The postcardinals are still, however,
perfectly continuous vessels of equal size. There is present now a paired plexus of small
veins corresponding to the supracardinal system of veins as found by HunTiNGDON and

TEXT-F1¢. 28.—Dasyurus viverrinus, Stage IV, 01, B. (G.L. 5 mm.) 81. 1.4.5. Camera lucida outline. x 166.
a.mm., mesonephric artery ; @.sp., spinal artery ; c., centrum ; ce., ceelom ; d.a., dorsal aorta ; d.mes.,
dorsal mesentery ; mn., mesonephros ; p.c.v., postcardinal ; p.c.v’., medial derivative of the postcardma,l
spre. pl., supracardinal plexus ; subc., right and left subcardinals.

McCrLure (°07) in the cat and to the prevertebral plexus as found by SaBin (’15) in
the pig.

The medial derivative of each postcardmal is still in part recognisable (text-fig. 28).
It is, however, no longer continuous or so definite in outline, having, I consider, con-
tributed to the formation of the dorsal portions of the direct anastomoses which exist
between the post- and subcardinal veins. These are few but variable in number and have
been termed by SABIN ('15) the “ mesial transverse veins.” There exist also numerous
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indirect connections, vie the sinusoids of the mesonephros, between the post- and sub-
cardinal veins. The supracardinal plexus anastomoses at frequent intervals with the
postcardinal vein and with its medial derivative. In the region of the suprarenal body,
the postcardinal receives tributaries from the plexus around and within this organ, as
well as from the more dorsally situated part of the supracardinal plexus. In front of
the mesonephros the postcardinals diminish somewhat in size.

Subcardinal veins.—Although there was no indication of these veins in the last stage
they are now very conspicuous vessels of equal size and in some places as large as the
postcardinal veins, although not nearly so extensive. The position of the subcardinal
veins is always constant, viz. : ventro-medially to the mesonephric arteries and ventrally
or ventro-laterally to the dorsal aorta (text-fig. 28).

In embryo A the subcardinal veins have already fused with one another to form one
large anterior, and two smaller posterior, anastomoses. The veins in this part of their
course receive numerous tributaries from the suprarenal bodies. Kach subcardinal
anastomoses freely with the postcardinal of its own side ; the direct connections, few in
number, involve the medial cardinal derivative and are only present behind the supra-
renal bodies. In front there are numerous indirect connections via the sinusoids of the
mesonephros or of the suprarenal body. In front again the left subcardinal loses its
identity in the postcardinal of the same side, but the right continues on, increasing
markedly in size, to become continuous with the hepatic section of the postcaval
(text-fig. 29). The right subcardinal probably continues on a short distance beyond
its anastomosis with the pars hepatica as a small vein or plexus which communicates
finally with the postcardinal. According to McCLURE ('06) this cranial continuation
is of constant occurrence in Didelphys; moreover, it is of fair size and a definite vessel.
In Dasyurus it is certainly not conspicuous.

In Dasyurus, as also in Perameles, it is impossible to determine the origin of the sub-
cardinal veins.

Postcaval—The right subcardinal in embryo B of the present stage (text-fig. 27) is
continuous with the hepatic section of the postcaval, passing through the caval mesentery
to enter the liver where it receives almost immediately the ductus venosus and finally
emerges therefrom to open into the sinus venosus.

With regard to the hepatic section of the postcaval, there can be no doubt but that it
is vitelline in origin. That part, situated behind its junction with the ductus venosus is,
in all Marsupials, derived secondarily from the flowing together of sinusoids which in
their turn have been formed through the invasion of the lumen of the vitelline veins
by the liver trabecule. That part situated in front of this junction may be primary
in origin (Trichosurus), that is to say, it may be a persistent uninterrupted portion of
the original cranial anastomosis between the vitelline veins; or secondary in origin
(Perameles, Phascolarctus and Didelphys). In Dasyurus itself it is exceedingly probable
thatitis primaryin origin. Here, in Dasyurus, when the hepatic section of the postcaval
appears for the first time it possesses a definite wall, but in some forms (e.g. Trichosurus)

VOL, CCXII,—B, 2 B
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the vein, behind its junction with the ductus venosus, can be observed in process of
formation, not yet clearly defined and possessing an irregular outline merging in the
general sinusoidal network of the liver.

That part of the postcaval which connects the pars hepatica with the pars subcardinalis

TexT-F16. 29.—Dasyurus viverrinus, Stage IV, °01, C. (G.L.5 mm.) 8. 11.1.5. Camera lucida outline. X 106.
bw.d., dorsal body wall ; c.mes., caval mesentery; diaphr., diaphragm; g¢., gut; k., liver; mmn.,
mesonephros ; pn., lung; p.c. (hep.), hepatic section of the postcaval ; p.c. (prekep.), prehepatic section
of the postcaval ; p.c.v., posteardinal ; subc., right subcardinal ; v.v., vitelline vein.

and which lies in the caval mesentery, appears to be derived in Dasyurus (as first described
in the pig by Davis ('10) ) from vascular outgrowths, some of which grow upwards and
backwards from the caudal extremity of the hepatic section of the postcaval, whilst
others are given off from the cranial end of the right subcardinal vein (text-fig. 29).
The spinal veins at this stage open, via the supracardinal plexus, directly into the
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postcardinal veins, or into the medial postcardinal derivative, or into the subcardinal
veins.

Circulation.—Most of the blood from the posterior end of the embryo is now probably
finding its way back to the heart via the postcaval vein. At the level of the caudal
part of the mesonephros the postcardinal veins are large, about the middle region they
connect up by cross anastomgses with the subcardinal veins which are almost as large
as, sometimes even larger than, the primary trunks. In some embryos of this stage the
subcardinal veins themselves anastomose so that the blood from the left side as well
as from the right can travel via the postcaval. In front of the most cranially situated
direct anastomosis betwéen the post- and subcardinal veins the former are practically
devoid of blood, whereas the right subcardinal and the hepatic section of the postcaval
are quite full. The postcardinals in this region have actually decreased in size as com-
pared with the preceding embryo. (Cf. text-figs. 25 and 27, pp. 175, 177.) It seems
justifiable to conclude, then, that a mesonephric renal-portal system is in process of
formation. The decrease in size of the postcardinal veins in front of the subcardinals,
accompanied by the formation of the anastomoses between these two veins on either side,
explains the extraordinarily rapid formation of the large vessel from the few capillary
sprouts given off from the ends of the hepatic section of the postcaval and the right
subcardinal vein. It also explains the rapid formation from hepatic sinusoids of that
part of the hepatic section of the postcaval which lies between the caval mesentery and
the ductus venosus.

Stage y, *99. (G.L. 516 mm., text-fig. 30).—The veins as a whole have decreased in
calibre and increased in length. There is no change in the relations of the allantoic
and vitelline veins. .

Postcardinal veins.—In the cranial third of the mesonephros these vessels are no
longer continuous, and they are very minute between this and the Cuvierian ducts into
which both still open. The right vein is smaller on an average than the left. There
is now communication between the post- and subcardinals v the supracardinal plexus.
At the level of the suprarenal body the postcardinal veins are only recognisable at
intervals. The left postcardinal vein appears again a short distance behind the cranial
end of the mesonephros and continues on as a small but uninterrupted vein right up to
the Cuvierian duct. The right vein is not continuously recognisable until the level of
the diaphragm, after which it runs forward as a minute vessel lying laterally to the
aorta and always situated more ventrally than the supracardinal plexus, which is here
well developed and with which the postcardinal vein frequently anastomoses. Finally
it opens into the Cuvierian duct.

Subcardinal veins.—The left vein ends some distance behind the cranial limit of the
mesonephros, so that one-third of this organ lacks a continuous draining vessel. The
right vein does not continue as such beyond its junction with the hepatic section of
the postcaval, so that the right mesonephros only lacks a continuous draining vessel
just at its beginning. ‘

282
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sprepl.

sube.(d)

subc.(anas,)

TexT-F16. 30.—Dasyurus viverrinus, Stage y, 99 (G.L. 516 mm.). Graphic reconstruction, viewed from the
ventral aspect. X 66. The left supracardinal system of veins has been omitted in the graph. a.cv.,
anterior cardinal ; @.v., vitelline artery ; d.v., ductus venosus ; %., liver ; mn., mesonephros ; p.c. (hep.),
hepatic section of the postcaval; p.c. (prehep.), prehepatic section of the postcaval; p.c.v., post-
cardinal ; sprc. pl., supracardinal plexus; subc. (anas.), subcardinal anastomosis; subc. (d) and (s),
right and left subcardinals ; s.v., sinus venosus ; v.é.c., common iliac vein ; v.%., right and left allantoic
veins,

Postcaval vein.—Same as in the preceding stage. The supracardinal plexus has now
taken over all the spinal veins, which thus open indirectly into the postcardinal, or into
the subcardinal.
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a.cr.

pc(prehep)

pe.(hep)—
;‘ a.r
P
o — subc. (S.)
subc.(d.)
a.v
P.C.V. subc.(anas,)

: pev.

spre .pl.

Texr-F16. 31.—Dasyurus viverrinus. Pouch-young, Stage B. (G.L. 575 mm., H.L. 3 mm.). Graphic
reconstruction, viewed from the ventral aspect. X 66. a.c.v., anterior cardinal ; a.v., vitelline artery
d.v., ductus venosus ; k., liver ; mn., mesonephros; p.c.v., postcardinal ; p.c. (hep.), hepatic section
of the postcaval ; p.c. (prekep.), prehepatic section of the postcaval; spre. pl., supracardinal plexus ;
subc. (anas.), subcardinal anastomosis; subc. (d.) and (s.), right and left subcardinals; s.v., sinus

venosus.
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Circulation.—Owing to the discontinuity of the postcardinals in their middle region, a
mesonephric renal portal system is now definitely established. The blood from the
posterior region of the embryo first courses through the postcardinals on either side and
thence into the subcardinals, both directly through the few direct connections and
indirectly through the mesonephric sinusoids. Probably most of the blood from the right
side is returned via the anastomosis between the two subcardinal veins and thence along
the right subcardinal into the hepatic section of the postcaval, and so back to the heart.
In front of the subcardinal anastomosis some blood runs on into the left subcardinal. As
this is connected via the sinusoids with the remnants of the postcardinal, and the latter is
itself continuous from the anterior part of the mesonephros right up to the heart, a certain
amount of blood travels this way (the pre-mesonephric part of the left postcardinal vein
is actually full of blood in the sections). A certain amount of blood is still returned on
the right side, too, direct to the heart (the right postecardinal is also full of corpusclesin
this region). This blood probably comes from the anterior end of the mesonephros,
and to explain its presence it is necessary to suppose that it travels via the supracardinal
plexus,

The supracardinal plexus will be described in detail in the account of the development
of the postrenal section of the postcaval. It is sufficient to state here that the plexus
connects up at very frequent intervals with the postcardinal and subcardinal veins and
also with the sinusoids of the suprarenal body and of the mesonephros. It can be traced,
at this stage, from a level behind that of the subcardinal veins right up to the level of
the Cuvierian duct, where that of each side opens into the corresponding postcardinal.

No further changes of any importance concermng the transformation of the posterior
veins takes place until the pouch-young.

Pouch-young, Stage A (I, VII, 05).—In the pouch-feetus of G.L. 5°5 mm., H.L. 2'5 mm.,
both postcardinal veins still open into the correspondlng Cuvierian ducts.

Pouch-young, Stage B.—In this pouch-foetus of G.L. 575 mm., H.L. 3 mm., the anterior
thirds of the mesonephroi have completely disappeared. There is a general increase in
length in all the vessels (text-fig. 31). |

Postcardinal véins.—These veins are not present in front of the mesonephroi and
only exist continuously in its posterior two-thirds. Their relations are just as before.

Subcardinal veins.—The subcardinal anastomosis is much larger, but not perfectly
continuous.

Postcaval vein.—There is now no such marked discrepancy in size between the right
subcardinal and the hepatic section of the postcaval, owing to a certain amount of decrease
in the latter and increase in the dimensions of the former.

Circulation.—The renal-portal system is now in the pouch-young fully functional, the
only path for the blood from the posterior end of the body being vt the mesonephros.

Pouch-young, Stage C. (G.L. 6 mm., H.L. 3:25 mm., 26 hours old).—The mesonephroi
have decreased in length, and the metanephroi are now present (text-fig. 32).

Posteardinal ~ veins.—As continuous vessels these are now restricted to the
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posterior third of the mesonephroi, although scattered remnants are recognisable more
cranially. They have made fresh connections, at the posterior end of the mesonephroi,
with the supracardinal system of veins which is very markedly developed in this region.

subc.(s)

5 subc@nas)
D.C.Y.

-pe(spre.)

\, ™

ml. ;- S i
é . {

Tex1-r16. 32.—Dasyurus viverrinus. Pouch-young, C. (G.L. 6 mm., H.L. 3:25 mm., 26 hours old). Graphic
reconstruction, viewed from the ventral aspect. X 66. (9-2 VI marks the level of text-fig. 33.) mn.,
mesonephros ; mi., metanephros; p.c. (spre.), plexus of future pars supracardinalis of the postcaval ;
p-c. (subc.), pars subcardinalis of the posteaval ; p.c.v., posteardinal ; spre. pl., supracardinal plexus ;
subc. (anas.), subcardinal anastomosis ; subec. (s.), left subcardinal ; v.7.c., common iliac vein.

Subcardinal veins.—The right subcardinal vein, together with the anastomosis between
the two with which the former is continuous, may now be termed the pars subcardinalis
of the postcaval. It communicates behind with the newly established part of the post-
caval which is derived from the supracardinal plexus, and in front with the pars hepatica.

Posteaval vein.—A new section of this vein is now in process of formation behind the
anastomosis of the subcardinals (text-fig. 33). It has the form of a plexus at this stage
and is, indeed, part of the supracardinal system of veins, lying in communication with that,
and continuous with it cranially. This supracardinal plexus connects up at frequent
intervals with the postcardinals and merges cranially into the pars subcardinalis which
passes into the pars hepatica. By this stage the ductus venosus has lost its connection
with the pars hepatica.

Curculation.—The common iliac veins are now making connection with the plexus which
will form the new pars supracardinalis of the postcaval, so that the mesonephric renal
portal system is in process of disappearing.
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2re(spre)
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Text-ri¢. 33.—Dasyurus viverrinus. Pouch-young, C. (G.L. 6 mm., H.L. 325 mm.) 8L 9°2. VI. Camera
lucida outline. X 166. (Section through text-fig. 32 at level 92 V1) ¢., centrum ; ce., ccelom ;
d.a., dorsal aorta ; mn., mesonephros ; p.c. (sprc.), pars supracardinalis of the postcaval ; p.c.v., post-
cardinal.

—nn
v.c.(subce)
subc.(s.)
i—subc.(anas)
pew -p.CV.
po.(spre)

el
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Y

Texr-ric. 34.—Dasyurus viverrinus. Pouch-young between C and D. Graphic reconstruction, viewed
from the ventral aspect. X 66. mn., mesonephros ; mt., metanephros; p.c. (sprc.), plexus of future
pars supracardinalis of the postcaval; p.c. (subc.), pars subcardinalis of the postcaval; p.c.v., post-
cardinal; spre. pl., supracardinal plexus; subc. (anas.), subcardinal anastomosis; subc. (s.), left
subcardinal ; v.i.c., common iliac vein.
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Pouch-young, Stage between C and D.—The ductus venosus persists here and opens into
the postcaval. The only change of importance is that the common iliac veins apparently
(it is impossible to be quite sure) now communicate solely with the plexus, which is the
forerunner of the pars supracardinalis of the postcaval, and no longer with the post-
cardinal veins. As the result the mesonephric renal portal system is no longer functional.
The postcardinal veins communicate with the anastomosis between the subcardinal veins
once only on each side (text-fig. 34).

Povch-young, Stage D. (G.L. 7-7°5 mm., H.L. 4 mm).—The mesonephroi are undergoing
degeneration at their cranial ends and the metanephroi have increased considerably
(text-fig. 35).

Postcardinal veins.—The right vein is present as a continuous vessel only in the caudal

o
mn. ——
sube.(d) -sube(s)
sube.(anas,)
D e

Dl (spre)

AN

L

TexT-F16. 35.—Dasyurus wviverrinus. Pouch-young, D. (G.L. 7-7'75 mm., H.L. 4 mm.). Graphic
reconstruction, viewed from the ventral aspect. X 66. mn., mesonephros; mt., metanephros ;
p.c. (spre.), plexus of future pars supracardinalis of the postcaval; p.c. (subc.), pars subcardinalis
of the postcaval; p.c.v., postcardinal ; spre. pl., supracardinal plexus ; subc. (anas.), subcardinal anasto-
mosis ; sube. (d.), right subcardinal vein ; sube. (s.), left subcardinal ; v..c., common iliac vein.

two-thirds of the mesonephros and communicates once only with the right subcardinal.
The left is represented only by two isolated vessels which open into the subcardinal
anastomosis and into the left subcardinal respectively.

Postcaval vein.—The plexus which will give rise to the pars supracardinalis of the
postcaval is becoming differentiated into two main channels, the right and left supra-
cardinal veins, which are now definitely continuous behind with the common iliac veins,
each passing over in front into the corresponding subcardinal.

Circulation.—Since the common iliac veins are now in definite continuity with the
channels which are differentiating from the supracardinal plexus, there is no longer any
question of a mesonephric portal system.

VOL. CCXIL-—B. 2c
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Pouch-young, Stage E. (G.L. 8-8-5 mm., 5-6 days old).—This stage includes three
feetuses in which the postrenal section of the postcaval can be seen in successive stages
of development.

p.c(sube)
auv.
- md.
m_ subce.(s)
spre.pl.
mdl.
pev. sube.(anas,)
6.3.7.

D.CO.

pe.(spre)

TEXT-FIG. 36.—Dasyurus viverrinus. Pouch-young, E. (a) (16.6 °04) (G.L. 8-8'5 mm.). Graphic recon-
struction, viewed from the ventral aspect. X 66. (6.3.7 marks the level of text-fig. 37.) a.v.,
vitelline artery ; mm., mesonephros ; mt., metanephros; p.c. (spre.), pars supracardinalis of the post-
caval; p.c. (sube.), pars subcardinalis of the postcaval; p.c.v., postcardinal ; spre. pl., supracardinal
plexus ; sube. (anas.), subcardinal anastomosis ; subc. (s.), left subcardinal ; v.4.c., common iliac vein.

Fatus (a), text-fig. 36.

Postcardinal veins.—The right vein is represented by a single isolated vessel, the left
by two. '

Postcaval vein.—The process of differentiation of the supracardinal plexus into two
main channels, which was beginning in stage D, has now so progressed that there are
two definite channels, the right and left supracardinal veins (text-fig. 87), which still,
however, anastomose over a short distance.

Fotus (b), text-fig. 38.

‘Postcaval vein.—The paired condition of the postrenal section of the postcaval is now
giving place to the unpaired. The right supracardinal vein is still quite continuous,
connecting the common iliac vein with the anastomosis between the two subcardinals.
It anastomoses as before, about the middle of its length, with the left vein, and probably
also again at its caudal extremity. In addition to these anastomoses, the left vein is
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a.c.

v. L.

pefspre)
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—p.c.(spre)
D.C.0.
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coe. ——

Text-vic. 37.—Dasyurus viverrinus. Pouch-young, E. (a) (16.6 °04) (G.L. 8-8'5 mm.) SL 6.3.7. Camera
lucida outline. X 106. (Section through text-fig. 36 at a level 6.3.7.) c¢., centrum; ce., ccelom;
d.a., dorsal aorta; d.mes., dorsal mesentery; mn., mesonephros; p.c. (spre.), pars supracardinalis
of the posteaval ; p.c.v., posteardinal ; v.l., lumbar vein ; wr., ureter.

pc (subc.)

- mn.
""" i subcs)
v £
/ . mt.
mt.
< subc.(anas)
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min. —~ i . "' p.C.'U
SN W W AN
- - p-e.(spre)

v.i.C
TEXT-FIG. 38.—Dasyurus viverrinus. Pouch-young, E. (b) (16.6.°04) (G.L. 8-8'6 mm.). Graphic recon-
struction, viewed from the ventral aspect. X 66. The supracardinal plexus itself has been omitted.
(This fetus has probably undergone shrinkage.) a.., vitelline artery; mm., mesonephros ;
mt., metanephros; p.c. (spre.), pars supracardinalis of the pnsteaval; p.c. (subc.), pars subcardinalis
of the postcaval ; p.c.v., postcardinal (Wolffian body) veins ; sube. (anas.), subcardinal anastomosis ;
subc. (s.), left subcardinal ; v.4.c. common iliac vein.
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represented only by two isolated sections. It is obvious, then, that this postrenal section
is formed mainly from the right supracardinal vein (right trunk of the supracardinal
plexus).

Feetus (c), text-fig. 39.

The ductus venosus no longer communicates with the postcaval.
Postcardinal veins.—These are represented by a pair of large Wolffian body veins
returning blood from the caudal third of the mesonephros into the subcardinal anasto-

p.c.(sube)
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: '.'z‘— mn,
.l. ’
By .o\‘
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mn. - / 3
P
; § :
i Y
_mt:.i ‘ - subc.(s)
4 ' )
.:‘. \ sube.(anas)
p.cu. — :
iy =~ mt
. C.(SPrey —
p-c.(spre) p-c.v.
v i P AN -
S=

Texr-F16. 39.—Dasyurus viverrinus. Pouch-young, E. (¢) (16.6, ’04) (G.L. 8-85 mm.). Graphic recon-
struction, viewed from the ventral aspect. X 66. The supracardinal plexus itself has been omitted.
mn., mesonephros ; mi., metanephros ; p.c. (spre.), pars supracardinalis of the postcaval ; p.c. (subc.),
pars subcardinalis of the postcaval; p.c.v., posteardinal (Wolffian body) veins; sube. (anas.), sub-
cardinal anastomosis ; sube. (s.), left subcardinal ; v.i.c., common iliac vein.

mosis. There is, in addition, another vein on the right returning blood from the extreme
caudal limit of the right mesonephros into the new section of the postcaval, representing
probably a persistent part of the postcardinal, as is seen in Stage C (text-fig. 32).
Postcaval vein.—The definitive postrenal section is now a single vessel forming the
cranial continuation of the common iliac veins. It receives a vein from the caudal end of
the right mesonephros and is continued cranially by the pars subcardinalis. Into the
subcardinal anastomosis open two lumbar veins as well as the large Wolffian body veins.
Circulation in Stage E.—In fetus (@) (text-fig. 36) the blood from the posterior end
of the embryo is returned in equal quantities through both the supracardinal veins ;
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but in feetus (b) (text-fig. 38), in which the left vein is in process of degenerating and no
longer communicates with the subcardinal anastomosis, the blood is returned through
the right vein, and in foetus (c) (text-fig. 39), where the postrenal section of the postcaval
(pars supracardinalis) is single, all the blood is returned through it. The mesonephros
is drained by vessels returning blood mainly into the pars subcardinalis (subcardinal
anastomosis), partially in feetuses (@) and (b) into the pars supracardinalis. The
metanephros is not yet functional, but in foetus (¢) there is an indication of a right renal
vein lying within but not emerging from that organ.

Pouch-young, Stage G. (G.L. 10-11'5 mm., H.L. 7 mm., about ten days old) (text-
fig. 40).

p-c.iprehep)

———
-

\
a.c.lhep) -
/ (/L P) : /\_. ;7,-
4 ‘a’
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1
1
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mi._
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| i av.
vk :
i R < sube.(s)
\ : 4 "
p-C.(SUDC) S— + v mt.

\;_--_"

p.c.v.

< sube.canas.)

T, —,

P-CASPTC) e

TexT-F16. 40.—Dasyurus viverrinus. Pouch-young, G. (G.L. 10-11'5, H.L. 7 mm.). Graphic reconstruction,
viewed from the ventral aspect. X 33. .(This figure is less magnified than those of Stage E.) a.v.,
vitelline artery; %., liver; mn., mesonephros; mf., metanephros; p.c. (hep.), hepatic section of the
postcaval ; p.c. (prehep.), prehepatic section of the postcaval ; p.c. (spre.), pars supracardinalis of the
postcaval ; p.c. (subc.), pars subcardinalis of the postcaval; p.c.v., postcardinal (Wolffian body) vein ;
subc. (anas.), subcardinal anastomosis; sube. (s.), left subcardinal (left suprarenal) vein; v.azy., azygos
vein; v.2.c., common iliac vein ; v.l., lumbar vein; v.mt., renal vein.

Posteardinal veins.—There are present two Wolffian body veins on each side, and there
can be no doubt but that the mesonephros is still the main functional excretory organ,
There is present a right renal vein but the left is not yet very definite, ’
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Subcardinal veins.—Each of the subcardinals lies, as before, ventral to the suprarenal
body of its own side.- The right gland is apparently drained by small factors that open
at intervals into the right subcardinal. That the left subcardinal vein functions as the
left suprarenal vein, I think there can be no doubt.

Circulation.—The right renal vein is now definitely present and the left is in process of
formation. They open into the pars subcardinalis.
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Text-Fic. 41.—Dasyurus viverrmus. Pouch-young, J. (G.L. 20 mm., HL. 125 mm.). Graphic recon-
struction, viewed from the ventral aspect. X 33. a.v., vitelline artery ; A., liver ; mf., metanephros ;
p.c. (hep.), hepatic section of the posteaval; p.c. (sprc.) pars supracardinalis of the posteaval ; p.c
(subc.), pars subcardinalis of the postecaval; subc. (anas.), subcardinal anastomosis ; sube. (s.), left
subcardinal (left suprarenal) vein; v..c., common iliac vein ; v.l., lumbar vein; v.mf., metanephric
(renal) vein, ’
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Pouch-young, Stage J. (G.L. 20 mm., H.I.. 12'5 mm., about 25 days old (text-fig. 41)).—
In this considerably older feetus the mesonephroi have entirely disappeared.

Postcardinal veins.—With the complete degeneration of the mesonephroi these veins
are no longer even represented by the Wolffian body veins.

Postcaval vein.—The more cranially situated part of the postrenal section has increased
very markedly in length with consequent reduction in size. The various regions of the
vein can still be recognised, here as in the adult—(1) The postrenal section which receives
the common iliac veins caudally and runs up to the level of the subcardinal anastomosis.
This is derived mainly from the right, partially from the left, supracardinal vein. (2) The
renal section formed by (@) the anastomosis between the subcardinal veins which receives
the left suprarenal, and the left renal, vein; and (b) the right subcardinal vein, which
intervenes between the anastomosis of the subcardinals and the place where the postcaval
enters the liver, and which receives the right renal vein. (8) The hepatic and prehepatic
sections, traversing the liver and emerging from the same to enter the heart, both derived
from the vitelline veins.

Chreulation.—This differs from that of the preceding Stage G only in that there is now
no mesonephric circulation, and in no way differs from that of the adult.

The Postrenal section of the Postcaval, the Azygos, and Lumbar veins.

There has been much controversy with regard to the origin in the Mammalia, both of
the postrenal part of the postcaval vein, as well as of the azygos veins. For an historical
summary, as well as for a statement of the prevailing theories of the origin of these veins,
the reader is referred to SABIN ('15), who has recently investigated the development of
the veins in the pig. She regards the lower segment of the postcaval vein, as well as
the azygos veins, as arising from different regions of one and the same plexus, to which
she has given the name prevertebral plexus, and claims therefore that these veins are
entirely new formations and not derivatives of the postcardinal veins, as most of the earlier
investigators believed. It should be noted, however, that she makes the reservation
that * this point (that the postcardinal vein does not become a permanent part of the
postcaval, but disappears as the Wolffian body atrophies) will be not wholly proved until
the subject of the relation of the primitive fibular and caudal veins is taken up in detail.”

Hunrtinepon and McCLure (07 and ’20) made a preliminary investigation into the
development of the postcaval vein in the cat in 1907, which they extended in 1920.
They find that the lower segment of this vessel develops from what they term a * supra-
cardinal system of veins,” and that the azygos veins (with the exception of the proximal
end of the right vein) also arise from this same plexus. SABIN regarded the prevertebral
plexus of the embryo pig as corresponding to the supracardinal system of veins in the
cat. :
McCrure (°06) also investigated the development of the vein in Didelphys. The
azygos veins he apparently regards as having a similar origin to those of the cat (*“ being
partly derived from a new vein plus the proximal end of the postcardinal vein ), but
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the postrenal section of the postcaval is derived, according to him, from a series of vessels
which he terms the * cardinal collateral veins.”

The supracardinal system of veins is not described by McCLURE as occurring in Mar-
supials, but both the cardinal collateral veins and the supracardinal system of veins occur,
according to him, in the cat. The former lie essentially dorsal to the aorta and the
latter ventral to it. In Marsupials, according to him (where the postrenal section of
the postcaval lies ventral to the aorta in the adult in nearly all forms) the ventral system
(cardinal collaterals) persists to form the postrenal section of the postcaval ; in the cat
(where this part of the postcaval lies dorsal to the aorta, as in higher mammals generally),
the dorsal system (supracardinals) persists to form this section of the vein.

Although McCLURE finds that in the cat, the two systems (supracardinals and cardinal
collaterals) are in connection, he nevertheless regards them as quite distinet. It would
appear to me, however, that they are both part of one and the same system of vessels
(corresponding to SaBIN’S prevertebral plexus), the dorsal part of which (McCLURE’s
supracardinals) persists in higher mammals to form the postrenal section of the postcaval,
the ventral part (McCLURE’S cardinal collaterals) forming this same section of the vein
in the Marsupialia. In both higher mammals and in Marsupials, the dorsal part of this
same plexus (in the region of the postrenal section of the postcaval) gives origin to the
lumbar veins.

In the present description of the development of the veins in Dasyurus, I am adopting
McCLURrE’S term “‘ supracardinal system of veins” on account of its priority, but I
do not use his term ““ cardinal collateral veins,” since I consider these latter vessels to be
but the more ventrally situated part of the same system.

I agree with this view of McCLURE, that the azygos veins in Marsupials develop from
the supracardinal system of vessels, but I am inclined to think (with SaBiN) that the post-
cardinal veins do not even contribute to their proximal sections.

SABIN considers that the plexus in question can be divided in the abdominal region
into three sections, one zone cephalic to the subcardinal anastomosis, a second including
this, and a third caudal thereto. She states that in the first zone the suprarenal bodies
develop. I consider, however, that although the plexus certainly contributes very largely
to the sinusoids of the suprarenal body, tributaries from the postcardinal veins, as well
as from the postcaval (pars subcardinalis) help to vascularise it. In the third zone
both the posterior segment of the postcaval develops and the (ascending) lumbar veins.
This derivation of the postrenal section of the postcaval vein is the same for Dasyurus
as for the pig, and that being so I agree with SaBIN, that the postcardinal veins disappear
and do not contribute to the formation of the postcaval. I must admit, however, that,
like SaBIN, I find it impossible to trace the change in position of the common iliac
veins (fibular, SABIN) at this crucial period, when they lose their original connections
with the postcardinal veins and take on new ones with the supracardinal plexus.

I will now proceed to give the evidence in support of my views as stated above.

The paired supracardinal system of veins appears for the first time in Dasyurus in
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the embryo of Stage IV, *01, of G.L. 5 mm., where it extends from just behind the caudal
limit of the subcardinal veins to just in front of the cranial end of the mesonephros
(text-fig. 27, p. 177). The plexus lies dorso-medially to the postcardinal vein,
dorso-laterally to the aorta and ventrally to the spinal arteries. Each plexus anasto-
moses at frequent intervals with the postcardinal of its own side, and the spinal veins
appear to open into the postcardinals via this plexus (text-fig. 42).

a.sp.
spre. pl

P' c.’u ":'.:: ..

pn.

-coe.

Texr-F16. 42.—Dasyurus viverrinus, Stage IV, °01, B. Sl. 4.5.4. Camera lucida outline. X 160. a.sp.,
spinal artery ; c¢., centrum ; ca., ceelom ; d.a., dorsal aorta ; as., cesophagus; pn., lung; p.c.v., post-
cardinal ; spre. pl., supracardinal plexus. ‘

The more cranial sections of the plexus will later form the azygos veins.

In the region of the suprarenal body the plexus has extended more ventrally, lying
laterally, even somewhat ventro-laterally, as well as dorso-laterally, to the aorta. - It
no doubt contributes largely to the formation of the suprarenal sinusoids, as also do the
postcardinal and postcayal veins in lesser degree (text-fig. 43).

This suprarenal supracardinal plexus lies obliquely, filling the interval between the
post- and subcardinal veins, and the direct connections between these two appear to be
derived from the plexus. The latter continues back behind the level of the suprarenal
bodies, anastomosing both with the postcardinal vein or its derivatives and with the sub-
cardinal vein. The vessels composing the plexus become larger as they run caudally
and it finally ends very shortly behind the caudal limit of the subcardinal veins on the
right side.

In the next stage (y, 99, G.L. 516 mm., text-fig. 30, p. 182) the supracardinal
plexus extends right from the caudal limit of the subcardinal veins up to (and also
beyond) the level of the Cuvierian ducts on each side. The right plexus extends back
behind the right subcardinal vein and appears to form its caudal continuation. In the
last stage, it will be remembered, the postcardinal vein was recognisable throughout the

VOL. COXIL—B, : 2D
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entire length of the plexus, the former being decidedly the larger, especially cranially
to the mesonephros (cf. text-fig. 42). In the present stage, however, the supracardinal
plexus as a whole is much larger than the postcardinal vein. Moreover, the plexus is
continuous, the postcardinal vein is not. :

The plexus bears the same relation to the suprarenal body as before ; and the spinal

?).Sp.

da

. spre.pl.

= pe.(sube

d.v

Texr-r16. 43.—Dasyurus viverrinus, Stage IV, 01, B. Sl 10.1.5. Camera lucida outline. X 160-
¢., centrum; ce., ceelom; d.a., dorsal aorta; d.v., ductus venosus; h., liver; mn., mesonephros ;
p.c. (subc.), pars subcardinalis of the postcaval; p.c.v., postcardinal ; sr., suprarenal body ; spre. pl.,
supracardinal plexus ; v.sp., spinal vein.

veins also open into the postcardinals via the plexus, or, where these veins are absent,

into the subcardinals vio the plexus. It also connects up at frequent intervals with the

mesonephric sinusoids. It should be noted that the plexus lies dorsally to the meso-

nephric arteries, the subcardinal veins ventrally thereto (cf. text-fig. 28, p. 178).

The supracardinal plexus bears the same relation to adjacent structures as in the
preceding stage, but whereas in the latter the plexus lies ventrally to the spinal arteries,
here it may also extend dorsally to them.
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The plexus communicates at frequent intervals with the postcardinal vein, or with its
derivatives, it does not itself open into the Cuvierian ducts but into the postcardinal at
this level. Tt is stated by SaBiN ('15) that the openings of the plexus into the post-
cardinals at the level of the Cuvierian ducts persist as the openings of the definitive
azygos veins (derived from this part of the supracardinal plexus) into the precaval veins
of the adult. There is every reason to suppose that this is so also in Dasyurus, but I
am not able to make any definite statement, since, in Stage C (G.L. 6 mm.) the azygos
veins open directly into the Cuvierian ducts, and in the next stage (C—D) these ducts
have disappeared, the precaval veins are apparently recognisable as such (since the sub-
clavians are now present), and into the base of these precavals the azygos veins now
open. If the original openings do persist, then, in Marsupials as in the pig, the
postcardinals contribute to the formation of the azygos veins only in so far as the sites
of the openings of these latter into the postcardinal veins mark the sites of the
openings of the azygos veins into the precavals of the adult.

In the next stage (Pouch-young, B, of G.L. 575-6 mm. H.L. 3 mm., text-fig. 31, p. 183)
those parts of the postcardinal veins, which were in process of disappearing anterior
to the mesonephros, have now entirely gone. The supracardinal plexus, on the other
hand, is continuous, extending from the level of the subcardinal veins right up to the
Cuvierian duct on each side. The relations of the plexus are not very easy to make out
in any feetuses of this stage, but they apparently conform to those of earlier stages.
On the right it extends back some distance behind the caudal limit of the subcardinal
anastomosis.

In the next feetus (C, G.L. 6 mm. H.L.. 3-25 mm., text-fig. 32, p. 185) marked
progress has taken place. The supracardinal plexus is still, I think, continuous, opening
into the Cuvierian duct in front and recognisable behind the caudal limit of the meso-
nephros. As before, it anastomoses with the pars subcardinalis of the postcaval as well
as with the subcardinal anastomosis. It is noteworthy that certain of these connections
persist in the adult and correspond to the places where the lumbar veins (which are
derived from the supracardinal plexus) enter the postcaval (text-fig. 44).

The most important change which has now taken place is the development of a new
section of the postcaval, lying caudally to the subcardinal anastomosis, and projecting
back behind the mesonephros. This posterior segment of the postcaval, recognisable
in process of formation now for the first time, will form the postrenal section of the adult
vein and is derived from the supracardinal plexus. This plexus has apparently grown
in length and at the same time extended down ventrally (as it does, also, in the region
of the suprarenal body), so that it lies here beneath the aorta as well as laterally thereto
(text-fig. 33, p. 186).

In the next stage (Pouch-young between C and D) (text-fig. 34, p. 186) the continuous
paired supracardinal plexuses of earlier stages are now probably interrupted, with the
result that there can be distinguished a definite azygos supr&cardlna,l plexus in the
thorax, that of each side probably opening into the corresponding precaval vein. (The

2D 2
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veins comprising the plexus are small and it is not easy to be certain of their course.)
Behind the thorax there is a long gap devoid of any plexus. Then the abdominal

w.l.

ce

Jen. . ,n.c.(subc) gen.gl.

Text-Fie. 44.—Dasyurus viverrinus. Pouch-young, Stage C. (G.L. 6 mm., H.L. 326 mm.) Sl. 3'1.VL
Camera lucida outline. X 160. a.mn., mesonephric artery; c., centrum ; ce., ceelom ; d.a., dorsal
aorta; gen. gl., genital gland ; mn., mesonephros; p.c. (subc.), pars subecardinalis of the postcaval ;
p.c.v., posteardinal ; v.l., lumbar vein. '

section is met with. It is definitely present at the level of the suprarenal bodies, lying
dorso-laterally thereto and also around and within the organs, and may possibly begin
in front of them. :

From here the plexus runs straight back, situated laterally and dorso-laterally to the
aorta. That of the right side communicates at intervals with the pars subcardinalis,
that of the left with the remnant of the left subcardinal, and both, behind that, with
the subcardinal anastomosis.

Behind this the supracardinal plexus continues back, and, as in the previous stage,
its prolongations pass down and assume a position ventral to the aorta, anastomosing
at intervals beneath it, thus constituting the posterior segment of the postcaval. Text-
fig. 45 shows the more dorsally situated part of the plexus, from which the lumbar veins

“are derived, continuous on either side of the aorta with the more ventrally situated part,
which will form the definitive postrenal section of the postcaval. ‘

In the next stage (Pouch-young, D, of G.L.7'75 mm., H.L. 4 mm., text-fig. 35, p. 187)
the thoracic (azygos) supracardinal plexus is less of a plexus and more of a definite vein,
that of each side opening definitely into the corresponding precaval vein in front, and
ending behind at the level of the diaphragm. As in earlier stages each receives the
spinal veins of its own side. The abdominal plexus has undergone further degeneration
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from before backwards, there being no change in its disposition in the suprarenal and
mesonephric regions. The developing pars supracardinalis, however, no longer anas-

. B
......

pCu. d.mes. gen.gl.
TExXT-F1G. 45.—Dasyurus viverrinus. Pouch-young, Stage between C. and D. Sl 6.3.4. Camera lucida
outline. x 160. c., centrum ; ce., ceelom ; d.a., dorsal aorta; d.mes., dorsal mesentery ; gen. gl.,

genital gland ; mn., mesonephros ; mt., metanephros; p.c. (spre.), pars supracardinalis of the post-
caval ; p.c.v., posteardinal ; spre. pl., supracardinal plexus.

tomoses so freely across the middle line, there being now indications of the differentiation
of the plexus into two main channels, each of which is now definitely continuous with
the common iliac vein of its own side.

In the next Stage (E) (G.L. 8-8'5 mm.) three of the foetuses show progressive differen-
tiation of the postrenal section of the postcaval (cf. text-figs. 36, 38, and 39, pp. 188, 189,
190). The azygos veins are now definitely recognisable as such for the first time, the
plexus having given rise to one distinct vessel on each side. They are of equal length,
the right being somewhat smaller than the left, especially towards the posterior end,
and each opens into the precaval vein of its own side. The veins extend behind the
diaphragm to end about the level of the mid-region of the liver.

The part of the supracardinal plexus lying cephalic to the subcardinal anastomosis
is no longer recognisable, and is probably incorporated in the suprarenal capillary system.
It is still, however, present in the region of the subcardinal anastomosis. It is from
this latter portion of the plexus that the lumbar veins are derived. Text-fig. 37 (p. 189)
shows two lumbar veins opening into the postrenal section of the postcaval. These
probably also connect up with the other pairs of lumbar veins by an intervening plexus
which suggests the presence of ascending lumbar veins.

With regard to the postrenal section of the postcaval itself, the two main channels
that were in process of emerging, in Stage D, from the supracardinal plexus, are now in
foetus (@) (text-fig. 36, p. 188) definitely established, the subcardinal anastomosis being
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continued caudally by these two channels, which anastomose with one another ovet
a considerable area, and pass over into the common iliac veins. In foetus (b) (text-fig. 38,
p. 189) a further advance is seen in that the left channel is in process of disappearing,
having lost all connection with the subcardinal anastomosis in front, and being reduced
to three parts, a small isolated anterior part, a second into which a lumbar vein opens
and which anastomoses with the right trunk, and a third also anastomosing with the
right trunk and receiving the common iliac veins. In foetus (c) (text-fig. 39, p. 190)
the postrenal section of the postcaval is single, being derived, as we have seen, mainly
from the right supracardinal trunk, the left having degenerated except where the lumbar
veins run into it, and where the common iliac veins connect up therewith.

The derivation of the postrenal section of the postcaval from two originally more or
less distinct and separate channels explains such an appearance as one gets, for instance,
in a Perameles pouch-young (G.L. 17 mm.), where this part of the vein appears to be
made up of three loops (text-fig. 46).

To return to Dasyurus. In the later pouch-young the postrenal section of the post-
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TEXT-FI1G. 46.—Perameles nasuta. Pouch-young (G.L. 17 mm.). Graphic reconstruction, viewed from the
ventral aspect. X 33. a.w., vitelline artery; %., liver; mn., mesonephros; mf., metanephros; p.c.
(hep.), pars hepatica of the postcaval; p.c. (prehep.), pars prehepatica of the postcaval; p.c. (spre.),
pars supracardinalis of the postcaval; p.c. (sube.), pars subcardinalis of the posteaval; p.c.v., post-
cardinal (Wolffian body) vein; sube. (anas.), subcardinal anastomosis; sube. (s.), left subcardinal
(suprarenal) vein ; wv.i.c., common iliac vein ; v.mf., metanephric vein.
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caval does not undergo any essential alteration, merely growing in length. The azygos
and lumbar veins are, however, modified. In the pouch-young, G. (G.L. 10-11'5 mm., H.L.
7 mm.) (text-fig. 40, p. 191), there is, as before, a long gap between the azygos and lumbar
veins. The left azygos veinis a continuous vessel beginning in the abdominal cavity
and running straight up to open into the left precaval. The right azygos vein is also
present but not continuous. The two veins anastomose at their hinder ends and then
run forwards side by side for some little distance, each receiving the spinal veins of its
own side. In the thoracic cavity the right vein opens into the left, which continues on,
receiving the spinal veins of both sides. The right vein seems to appear again quite
cranially, receiving at least one spinal vein and opening into the right precaval. There
is no connection between the azygos and the lumbar veins. These latter open at intervals
into the postcaval (pars subcardinalis and the postrenal section). They are still connected
with one another by the persistent sections of the supracardinal plexus, the whole forming
the ascending lumbar veins. There is a tendency for the right ascending lumbar vein to
become the more important, since this opens more frequently into the postcaval than
does the left, which actually passes across, dorsal to the aorta, to fuse with the right,
in two regions. In front of the more cranial anastomosis between the ascending lumbar
veins the right continues on some little way and then ends shortly behind the cranial
limit of the mesonephros.

In the pouch-young, J (b) (G.L. 30 mm., H.L. 12'5 mm.) (text-fig. of (@) 41, p. 192),
both azygos veins open into the corresponding precaval, the right runs back only a
short distance within the thorax, receiving the more anterior spinal veins of its own side,
the left stretches back almost to the cranial limit of the mesonephros. In the sections
it is impossible to determine whether it terminates at this level or is continued on. Very
shortly behind this region the ascending lumbar vein of the right side is recognisable ;
it receives spinal veins from both sides and opens into the postcaval. In this region the
lumbar vein lies dorsally to the aorta. In fostus (a) the thorax is not available in section.
Lumbar veins open into the subcardinal anastomosis. In the region of the postrenal
section of the postcaval the left ascending lumbar vein is present, lying dorsally to the
aorta, receiving spinal veins from both sides and opening into the postcaval at intervals.

In both the adult native cats dissected there is present a left azygos vein which opens
into the left precaval. In one specimen it receives the veins from all the intercostal
spaces of both sides, with the probable exception of the first three on the left, which unite
and form the superior intercostal vein opening into the left precaval. In the other
specimen the left azygos receives the intercostal veins of its own side only. The left
azygos extends right down into the abdomen, apparently beginning in the muscles of the
ventro-lateral abdominal wall. In addition to the left azygos there is present in both
specimens a vein on the right side. This anastomoses with the left, dorsally to the aorta,
at the level of the eleventh intercostal space, and extends back as far as the diaphragm.
In the one specimen it is probably continuous with the most anterior factor of the right
lumbar vein. In the other specimen the right azygos vein is also present in front of its
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anastomosis with the left. Tt receives all the intercostal veins of its' own side but returns
the blood through the left azygos, which alone possesses an opening into the precaval.

There are two lumbar veins, each opening into the postcaval dorsally. The right has
three factors, and opens into the postcaval about one inch behind the renal vein of its
own side. The left lumbar vein has only two factors and opens into the postcaval about
half an inch behind the left renal vein.

The adult condition of the azygos veins in the Marsupialia seems to vary. In Didelphys
(according to McCLURE, ’06) there is, as a rule, only the left which opens cranially into
the left precaval and caudally into the postcaval caudad of the renal veins. The right
vein, when present in the adult, also opens into the corresponding precaval, its tributaries
being confined to the first five intercostal spaces of the right side. According to CuNNING-
HAM (’82) in Thylacinus there is a right azygos only, opening into the right precaval,
and draining all the intercostal spaces except the anterior three on each side. The veins
draining these latter join to form the superior intercostal vein on each side, each opening
into the corresponding precaval. In Phalangista, Trichosurus, Phascogale, and also
in Dasyurus, according to him, the single azygos vein is the left. Tt receives all the inter-
costal veins of the left side and also those of the right except the anterior three, and joins
the left precaval. The anterior three intercostal veins of the right side unite and open
into the right precaval.

The Occurrence of an Embryonic Mesonephric Renal-Portal Circulation vn the Marsupialia.

A renal-portal system in connection with the mesonephros occurs during the develop-
ment of Perameles (as first noted by Prof. Hrry, ¢f. McCLURE, ’06), and also in Dasyurus.
In Didelphys (McCrurE) and in Trichosurus this condition does not appear to occur.
Concerning Macropus, Phascolarctus and Phascolomys it is not possible to make a definite
statement one way or the other, since the series of stages is not sufficiently close.

In Perameles of G.1.. 875 mm. the postcardinals stop short about the cranial end of the
mesonephros, so that the blood returned from the posterior end of the embryo into the
postcardinals must course through the mesonephroi. This renal-portal circulation persists
up to and including an embryo ot G.L. 12'25 mm., but it has disappeared in the pouch-
young.

In Dasyurus McCLURE failed to observe a renal-portal system. He, however, had only
one embryo, that of GLL. 6 mm., apparently a little younger than our Stage IV, 01.
In the embryo IV, °01, B. (G.L. 5 mm., text-fig. 27, p. 177), it seems justifiable to conclude
that a mesonephric portal system is in process of formation. The subcardinal system of
veins contains more blood than do the postcardinals themselves (where they co-exist),
whereas, in front of the most cranial direct anastomosis between the two veins the post-
cardinals are practically empty, the postcaval (pars hepatica) being full. In some
embryos of this stage (as also in McCLURE’s 6 mm. embryo) the subcardinals do actually
anastomose, so that there is a direct pathway via the right subcardinal to the hepatic
section of the postcaval and thence to the heart, The renal-portal system is definitely
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established in the next stage (v, 99, G-L. 516 mm., text-fig. 30, p. 182). Here the post-
cardinals still receive the common iliac veins, but theyjare no longer continuous, although
they retain their openings into the Cuvierian ducts. This portal circulation persists up -
to and including the pouch-young B of three hours old (G.L. 576-6 mm., H.I.. 3 mm.,
text-fig. 31, p. 183). In the pouch-young C. 26 hours old, of G.L. 6 mm., H.L.
325 (text-fig. 32, p. 185) the renal-portal circulation is in process of disappearing,
since the common iliac veins are now making connection with the supracardinal plexus,
although they have not yet lost that with the postcardinals. By Stage D, a three-days-
old pouch-feetus, of G.L. 7-7'5 and H.L. 4 mm. (text-fig. 35, p. 187) the common iliac
veins communicate only with the supracardinal plexus, so that the renal-portal circula-
tion is definitely non-existent now.

In Didelphys (McCLurE, ’06) there is no mesonephric portal circulation. Here the
direct connections between the common iliac veins and the subcardinal anastomosis are
laid down before the cranial sections of the postcardinals degenerate (cf. McCLURE’S
text-fig. 11).

In Trichosurus, also, there is no mesonephric portal circulation.

D. Summary.
The Hepatic Venous System in the Marsupialia.

The Vitelline Circulation.—During the development of the hepatic venous system
there occur three anastomoses between the vitelline veins, the developmental order being,
in all probability, first the cranial, then the middle, and finally the caudal. As the result
two complete rings encircle the gut. The hepatic trabecule invade the cranial anasto-
mosis, and also, to a certain extent, the right limb of the cranial ring. In certain forms
(Trichosurus and very probably Dasyurus) the trabecule never completely invade the
cranial anastomosis but leave a channel which represents a persistent portion thereof ; in
others (Perameles, Phascolarctus and Didelphys) the corresponding channel is formed
secondarily by union of the hepatic sinusoids. The complete venous rings soon dis-
appear, with the result that the spiral vessel, which is so characteristic of the develop-
ment of this system in the Amniota, is established. This vessel, which distally receives
both vitelline veins, is formed from behind forwards by (1) the caudal anastomosis (which
generally lies just outside or just within the body of the embryo), (2) the left limb of the
caudal ring, which lies to the left of the gut, (3) the middle anastomosis, (4) the right limb
of the cranial ring which lies to the right of the gut and which enters the liver. The
cranial continuation of this limb is formed by the ductus venosus in Dasyurus, Didelphys,
-Trichosurus, Phascolomys, and the Macropods, and by the ductus venosus Arantii in
Perameles and Plascolarctus. Forming the cranial continuation of the ductus is a
vessel which is the vena hepatica revehens communis in Trichosurus, and the proximal
section of the postcaval vein in Perameles, Dasyurus, Didelphys, Phascolarctus and
Phascolomys. Almost as soon as the spiral vessel is formed, mesenteric factors draining
the small intestine open into the dorsal anastomosis. The spiral vessel is then, strictly
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speaking, the omphalomesenteric (or portal) vein. In Dasyurus it appears certain that
the mesenteric vein is derived, at least in part, from the degenerating right limb of the
caudal ring. It is possible that this is so in Perameles, Trichosurus, and Phascolomys,
but not in Phascolarctus and Didelphys. In the pouch-festus the embryonal sections
of the separate vitelline veins, as well as both the limbs of the caudal ring, are aborted
and sooner or later the ductus venosus (or ductus venosus Arantii) ceases to communicate
with the postcaval vein, so that the afferent and efferent hepatic systems are exclusively
in communication with one another by means of a capillary system, asin the adult. There
is no ligamentum venosum in any Marsupial investigated.

The Allantoic Circulation.—Each allantoic vein first appears in the body wall of the
embryo, at a stage when the allantois is quite small, as a plexus of minute vessels common
both to these veins and to the posteardinals and connecting up also with the dorsal aorta.
Each plexus opens cranially into the lateral heart tube of its own side. Almost at once
these sections of the allantoic veins become definite vessels opening cranially into the
heart and connecting up with the single vein of the stalk. (In Phascolarctus the allantoic
vein is apparently paired in the distal part of the stalk.) Atfirst the veins are equal but
sooner or later in the majority of genera they become unequal, the left becoming very
considerably larger than the right (Perameles, Didelphys, Trichosurus, Phascolarctus,
and Phascolomys). In Dasyurus, the two veins remain approximately equal. There
is, however, a certain amount of variation. One or both of the veins, as development
proceeds, makes connection with the hepatic circulation, and sooner or later the sections
of the veins in front of that connection degenerate, so that blood from the allantois no
longer runs direct to the heart but travels instead through the liver. In forms where
the veins are markedly unequal, the left always possesses its own opening into the liver,
the right may retain its own opening also, in all embryos (Perameles and Didelphys),
or only in some embryos (Trichosurus), or lose it in all later stages (Phascolomys). The
allantoic veins in some genera fuse with one another just within the liver ; in Dasyurus,
where they are equal, this always occurs, and so also in Didelphys. In those genera where
the veins are markedly unequal, the veins never fuse within the liver, but they may do
so in the ventral body wall (Perameles, Trichosurus and Phascolarctus).

There is apparently a certain degree of correlation between the functional condition of
the allantois and the relation and size of the allantoic veins. Where there is a functional
allantoic placenta (Perameles, Phascolarctus) the left vein has a long intrahepatic course
before it joins with the vitelline vein to form the ductus venosus Arantii. It appears that
the vein first connects up with the liver sinusoids and only later possesses a definite
channel, in correlation with the gradual establishment in functional importance of the
allantoic circulation. Phascolomys also has a functional allantoic placenta, and yet
the left vein does not possess an intrahepatic channel. The reason for this difference
is quite obscure. On the contrary, where there is no allantoic placenta, the left vein is
small, and either has no intrahepatic channel, breaking up into sinusoids at once (Tri-
chosurus and Macropus), or, if it has one, it is very short, leading almost immediately into
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the postcaval vein, just before the latter emerges from the liver (Dasyurus, Didelphys
and Petrogale). ' :

1 have taken the opportunity of emphasising the original meaning of the term * ductus
venosus Arantii,” and have suggested that it should be restricted to the condition described
by ARANTIUS in 1564 in the human feetus, where this channel forms the cranial con-
tinuation of the vitelline and allantoic veins within the liver. In those forms where the
allantoic and vitelline veins do not anastomose with one another, but where the latter 1s
continued forward within the liver by a channel which corresponds in general relations
to the ductus venosus Arantii, I suggest that the more general term of ductus venosus
be used. :

I have shown, by taking into consideration the conditions found in other Amniota,
that the establishment of an intrahepatic channel for the allantoic blood stream is mainly

~dependent on the volume of blood brought to the liver by the allantoic veins, whether
from an allantois which is mainly respiratory, or from one that is nutritional in function
as well. The variations in the relations of the allantoic veins, found amongst those
Marsupials which show degeneration in that they possess an allantois which is neither
respiratory nor nutritional, are to be expected.

Tt has not been found possible to correlate the variations of the allantoic vein with the
metabolic function of the liver, nor does the level of the entry of the vein into the liver
appear to have any influence on its course therein.

The Postcaval, and related, veins in_the Marsupialia with special reference to Dasyurus.

Each postcardinal vein is first recognisable as a plexus which is common to it and to
the allantoic vein, and which opens, together with the anterior cardinal, into the lateral
heart tube. These veins soon enter into relationship with the mesonephroi and receive
the common iliac veins. They persist as perfectly continuous vessels for some time
(up to Stage IV, 01, G.L. 5 mm.), and then they start to degenerate, first in the cranial
third of the mesonephros, and then, slightly later, between that region and the Cuvierian
duct. A short stem is still present, on either side, just behind the Cuvierian duct and
opening into that, in the earliest pouch-young. When the feetus is three hours old, the
veins are only present as continuous vessels in the posterior two-thirds of the mesonephros ;
they then soon become restricted to the posterior third, and in the foetus of five to six
days neither is recognisable as a continuous vessel. Their direct anastomoses with the
subcardinal veins persist as the Wolffian body veins, up to the time when the mesonephroi
themselves disappear in the feetus of twenty-five days old.

The origin of the subcardinal veins appears somewhat obscure, and there are indications

~ that it is not similar in all the genera. These veins appear only just after the post-
cardinals, and lie along the mid-region of the mesonephros, ventral to the mesonephric
arteries. They anastomose freely with the postcardinal veins, both directly and through
the mesonephric sinusoids. The left ends some way behind the cranial limit of the
mesonephros, the right is continuous with the hepatic section of the postcaval.
2E2
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The two subcardinal veins very soon fuse with one another, either once or several times,
just behind the level of the origin of the vitelline artery. They increase in size as develop-
ment proceeds, the right subcardinal and the subcardinal anastomosis constituting the
pars subcardinalis of the postcaval. The right subcardinal receives the right renal
vein, when this has developed in a twenty-five days old foetus ; the left renal, and the
left suprarenal, veins open together into the subcardinal anastomosis. The right supra-
renal body is apparently drained by a series of tributaries, which open into the right
subcardinal vein ; the left suprarenal vein is the persistent left subcardinal which has
taken on a new function.

The postcaval vein is derived from three different sources: (1) the postrenal section,
which receives the common iliac veins and runs up to the level of the subcardinal anasto-
mosis, is derived mainly from the right, partially from the left, supracardinal vein;
(2) the renal section (or pars subcardinalis) formed by (@), the subcardinal anastomosis
which receives the left suprarenal, and left renal, veins, and (b) the right subcardinal
vein which receives the right renal vein and runs up to enter the liver; the junction
between the pars subcardinalis and pars hepatica is brought about by capillary sprouts
which arise from the ends of the vessels in question and fuse in the caval mesentery ;
(8) the hepatic and prehepatic sections, extending through the liver and up to the heart,
are derived from the vitelline veins. |

The prehepatic section of the postcaval is the first to appear, and then slightly later,
arise together the hepatic and subcardinal portions. The subcardinal anastomosis
becomes larger as development proceeds, and then finally the postrenal section of the
vein appears as a plexus. This gradually becomes differentiated into two main channels,
the right, and small segments of the left, persisting as the definitive posterior segment
of the postcaval vein, which receives the common iliac veins.

The azygos and lumbar veins, like the postrenal section of the postcaval, are derived
from the paired supracardinal plexus, which stretches, when fully developed, right from the
caudal limit of the mesonephrosup tothe Cuvierian duct. Later on it becomesinterrupted,
the more cranially situated section, lying mainly in the thorax, giving rise to the right’
and left azygos veins; that lying in the abdominal cavity, furnishing the suprarenal
capillaries in part, the ascending (lumbar) veins and the postrenal section of the post-
caval. T consider that the ventrally situated part of the plexus which gives rise to the
postrenal section of the postcaval corresponds to the cardinal collateral veins in Didelphys,
as described by MoCLURE. Both left.and right azygos veins are present in the pouch-
young, the left is longer than the right, but both open into the precaval veins. In the
adult Dasyurus, a left azygos vein is always present opening into the left precaval. It
may receive all the intercostal veins of both sides (with the possible exception of the
first three of the left side which unite to form the superior intercostal vein), or it may
receive only those of its own side. There is, in addition, a right azygos vein present in
the adult which anastomoses with the left about the level of the 11th intercostal space.
It may drain all the intercostal spaces of its own side, but the blood is always returned
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to the precaval via the left azygos vein. The right azygos may be continuous with the
lumbar veins. ‘ '

A mesonephric renal-portal system occurs in the development of Perameles and
Dasyurus, but not in Didelphys or Trichosurus. 1 am unable to say whether or no it
is present in Macropus, Phascolarctus, and Phascolomys.
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