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INTRODUCTION

In a previous paper (Moghe, 1951) T described the early stages of development
and the structure of the placenta of a species of Pteropodidae, Pleropus giganteus
giganteus (Briinnich). A brief account of the previous work on the embryology
of Megachiroptera was also included in the paper. In this paper, I propose to
describe some stages of development of another species of Pteropodidae, viz.
Cynopterus sphinz gangeticus (Anderson). While in many respects the embryology
of this species agrees with that of other Megachiroptera, it, nevertheless, presents
some peculiarities which seem to be interesting. Keibel (1922) described the deve-
lopment of Cynopterus marginatus and stated that, though Xantharpya amplexi-
caudata described by Kohlbrugge (1913) and Pteropus edulis described by Selenka
(1892) and by Gohre (1892) are allied to Cynopterus and belong to the same sub-
family, his observations on Cynopterus were different from those of Kohlbrugge,
Selenka and Gohre. Keibel described the early stage of development, formation
of primitive amniotic cavity, and the part played by trophoblast in the initial stages
of the formation of the placenta. The implantation and amniogenesis of C. marg:-
natus differ from other Megachiroptera.

The morphogenesis of foetal membranes in Chiroptera has been summarized by
Mossman (1937, p. 207). Regarding amniogenesis, he states that in Megachiroptera
it is formed by cavitation and the early features are alike in both species (viz.
P, edulis, C. marginatus). In the description of figures in Plate 8 he further
comments on the general inadequacy of descriptions relating to the development
of Megachiroptera.

Iyer (1949) in a report submitted to the National Institute of Sciences of India
on the reproduction of Cynopterus sphinx sphinx (Vahl) observes, ‘This bat is
probably polyoestrous and that the statement of Marshall (1922) that bats are not
polyoestrous is not strictly correct.’

Phillips (1924) made the following observation on Cynopterus brachyotus
ceylonensis, ‘In Passera, females have been found with young in May and again
at the end of August. Out of four shot on August 29th one had a young one at the
breast, while the other three had not yet brought forth. They were living in com-
pany of a young male but the old males were living by themselves’ (p. 14).

I do not know of any other work on the breeding seasons or the development of
any of the species of Cynopterus. In view of the very inadequate data available,
I think that the observations recorded in this paper will add to our knowledge of
the subject.

MATERIAL AND METHODS

Specimens were collected in and around a radius of about 100 miles of Nagpur
(Madhya Pradesh, India). The uteri of both sides with other parts of the female
genitalia were fixed in alcoholic Bouin’s fixative. Both horns of the uteri were
sectionised except in cases of noticeable and advanced pregnancies. Fifty-two
specimens were examined and it was possible to obtain conceptuses in nearly all
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stages of development, except early stages of cleavage of the egg. Uteri with the
contained embryos were also sectionised. Uteri containing embryos in very
advanced condition of development were cut open so as to observe the arrangement
of the foetal membranes,

The following table gives the data of collection and the stage of development :—

Number of iy
Date. fornales. Condition of uterus.

10-1-1948 2 Foetus in the right horn of the uterus in one speci-
men and in the left horn in the other. In both
the cases embryo beyond the late limb-bud stage.

13-1-1948 3 Pregnancy in right horn in all cases. Foetus beyond
the late limb-bud stage.

15-1-1948 2 No pregnancy in one specimen. Pregnancy in the
left horn in the other. Foetus beyond the late
limb-bud stage.

10-2-1948 1 Non-pregnant.

11-2-1948 5 In all cases pregnancy in right horn. Foetuses in
advanced stage of development.

No specimens could be collected during the months of March, April,
May and June. Several female specimens were collected during
July, but in & majority of these, young ones were attached to the
breasts and the mammary glands were large and in full lactation,
Specimens collected during August and September were non-
pregnant. No specimen was collected in October.
8-11-1948 1 Pregnancy in right horn. Medullary groove stage.

11-11-1948 1 Pregnancy in left horn; bilaminar blastocyst with
primary ammiotic cavity.

13-11-1948 2 Pregnancy in right horn in one specimen and in left
horn in the other. Stage slightly younger than
the previous stage.

16-11-1948 1 Pregnancy in left horn, prochordal plate stage.

27-11-1948 1 Pregnancy in left horn, embryo more advanced in
development than the previous stage.

28-11-1948 5 Four pregnant, pregnancy in right horn in three cases
and in left horn in one. Condition more advanced
than in specimens collected> on 11-11-1948.

5-12-1048 2 Foetus in one in the prochordal state and in the

other in the medullary groove stage.

In addition to the specimens listed above in the table, I collected 6 specimens
on 3-12-1947. All these showed more advanced stages of pregnancy than those
collected on 28-11-1948.

It is evident from the above data that specimens collected in November show
early pregnancy. Probably, fertilization takes place late in October or early in
November. Advanced pregnancy is found in specimens collected in January.
Parturition takes place late in February or in early March. The period of gestation
is about 115 to 125 days.
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Specimens collected on 5-12-1948 are practically at the same stage of pregnancy
as those collected on 8-11-1948 and 16-11.1948. 1t is evident that all females do
not become pregnant during the same period.

EARLY STAGES 0F DEVELOPMENT
Blastocyst I (13-11-1948) :

The bilaminar blastocyst from one of the two specimens collected on this date
(P1. XII, Fig. 1) occupies 30 sections, each 10p thick. The embryonic mass is nearly
spherical in shape and contains within it a cavity filled with cell detritus. This is
the primary amniotic cavity. The endoderm is well differentiated and forms an
inner lining to the bilaminar blastocyst. The endoderm cells beneath the embryonic
mass are spherical and only one-cell deep (Pl XII, Fig. 3), in the extra-embryonic
region they are fusiform in shape but also one-cell deep.

Surrounding the blastocyst is a thick shell which takes a deeper stain than the
rest of the uterus. The shell is formed of synecytiotrophoblast (Pl XII, Fig. 2)
recognized by the presence of scattered nuclei without cell outlines, and into which
the basal layer of trophoblast has penetrated in the form of strands which occur in
the form of villi. In the syncytiotrophoblast are spaces in which maternal blood
corpuscles are present. In some places these blood spaces are lined by hypertrophied
maternal endothelium.

Outside the shell there is a cavity between it and the muscular layer of the uterus
on the antimesometrial and the lateral sides. This cavity contains the remnants of
the uterine glands which have disappeared or which have undergone hypertrophy.
This cavity is most probably not the uterine lumen though owing to the complete
disappearance of the uterine glands and endometrium in some regions, a space devoid
of any tissue is left which looks like the uterine lumen. On the mesometrial side
the endometrium containing hypertrophied uterine glands is present between the
placental shell and the myometrium of the uterus. If the space outside the placen-
tal shell on the antimesometrial side is not uterine lumen, it is evident that implanta-
tion is superficial and not intermediate.

An interesting feature of the blastocyst is the presence of a spongy tissue be-
tween the trophoblast and the embryonic mass and between the trophoblast and the
endoderm. It consists of squamous vacuolated cells with nuclei appearing as black
dots (P1. XII, Figs. 1 and 3). These cells are connected with each other by proto-
plasmic strands. The tissue may be designated the endoderm-mesoderm tissue.

Blastocyst IT (27-11-1948) :

The embryo is nearly at the same stage of development as in Blastocyst I.
The following variations may be mentioned :

(¢) The spongy tissue is more abundant. Spaces or clefts are noticeable in
this tissue. One such cleft is seen in the photomicrograph (Pl. XII, Fig. 4).

(#2) Outgrowths from the basal trophoblast have now penetrated deeper so
that the shell is thicker. The maternal blood spaces are lined by trophoblast,
though some are still lined by hypertrophied endothelium. The region of the
uterine wall outside the shell is very much reduced.

(¢44) The primary amniotic cavity is very much larger, but is still filled with
cell detritus.

(iv) The endoderm layer below the embryonic mass is more than one-cell deep.

Blastocyst 111 (11-11-1948) :

This is an extremely interesting stage from the point of view of amniogenesis.
The cavity in the embryonic mass seen in blastocysts I and II filled with cell detritus
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is the primitive amniotic cavity formed by cavitation. There is now another
cavity formed (P1. XII, Fig. 5) above the primary amniotic cavity on the mesometrial
side occupying the space previously filled by the spongy tissue which, in this region,
has either disappeared or moved laterally. The embryonic ectoderm in Blastocyst
1I is thin and about 2-cell deep. But in this stage the ectoderm is very much thicker.
Folds from the edges of the embryonic ectoderm appear and close over the primitive
amniotic cavity forming thereby a new cavity. The two cavities are not in communi-
cation with each other, but are separated by the cell layer forming the roof of the
primitive amniotic cavity. The new cavity recalls to mind the epamniotic cavity
of certain rodents, but this term is inapplicable to this new cavity. It may be called
the secondary amniotic cavity. The mode of origin of the new cavity, if it has been
correctly interpreted by me, denotes the formation of amniotic cavity by cavitation
coupled with the formation of embryonic folds separating the primary amniotic
cavity from a more mesometrially placed secondary cavity. Blood corpuscles are
not found in any of the two cavities.

The yolk-sac wall is still bilaminar. The spongy tissue has now considerably
extended laterally. The shell shows the same structure as in the preceding stage.

Blastocyst IV (18-11-1948) :

The secondary amniotic cavity and the primitive amniotic cavity are conti-
nuous (Pl. XII, Fig. 6) owing to the breakdown of the roof of the primitive amniotic
cavity. The spongy tissue spreads laterally and forms a layer between the tropho-
blast and the endoderm excepting in a small antimesometrially situated abembryo-
nic segment. The spongy tissue also lies between the trophoblast and the embryo-
nic mass. But in addition to this tissue very distinet mesodermal cells are also seen.
It is possible that the spongy tissue contributes to the formation of the mesoderm.

PROCHORDAL PLATE STAGE

I have two gravid uteri (16-11-1948 and 5-12-1948) in which the embryonic
ectoderm is in the form of a plate (Pl. XII, Fig.7). The plate is made up of cells, 4-5
deep. The plate shows the medullary plate thickening. The endoderm lies below
it and between the two lies the mesoderm. The cells which are larger than the
endodermal cells are irregular in shape and are joined to each other by cytoplasmic
strands. The spongy tissue seems to have disappeared—only some remnants can
be seen in addition to mesoderm cells in the wall of the yolk-sac.

The placental shell shows a greater abundance of cytotrophoblastic villi.
Endothelium of maternal capillaries has become completely lost from all regions of
the placenta. Qutside the placental zone in the shell there is a thin layer of maternal
endometrium. On the antimesometrial and lateral sides the placental shell as a
whole is separated from the uterine wall by a space which is here and there traversed
by strands of endometrial tissue. :

MEDULLARY (GROOVE STAGE

This stage was obtained from specimens collected on 27-11-1948 and 5-12-1948.
The embryonic region occupies about 160 sections each 10u thick. It consists of
an ectodermal plate with medullary groove (Pl. XIII, Fig. 8). The mesoderm is still
a solid layer of cells, 5-6 deep, in the embryonic region and 2-3 deep along the trilami-
nar wall of the yolk-sac. The mesoderm layer has reinforced the amnion also.

In the placental shell the cytotrophoblastic cords are profusely branched. The
rest of the placenta consists of syncytiotrophoblast and maternal blood.

The rudiment of the notochord can be made out. The spongy tissue has com-
pletely disappeared.
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The yolk-sac wall is completely trilaminar, mesoderm being present even in the
small abembryonic portion of the yolk-sac wall on the antimesometrial side.

Late LiMB-Bup StacE (3-12-1947)

Between this stage and the preceding one there is a large gap. As in Pteropus,
the entire yolk-sac splanchnopleure is withdrawn and lies loosely coiled on the
lateral side below the allantoic placenta (Pl. XIII, Fig. 9). This is the stage which
precedes the conversion of the yolk-sac into a gland.

The placenta appears horse-shoe-shaped in a transverse section. It is thicker
in the middle and narrows at the two ends of the horse-shoe. The detailed struc-
ture of the placenta, except for its overall size, is the same as in Pteropus. There
is a network of cytotrophoblastic tubules containing maternal blood corpuscles ;
and between the tubules lie the allantoic mesenchyme and foetal capillaries
(Pl. XIIT, Fig. 10).

NEAR-TERM STAGE (13-1-1948)

The important features of this stage are the conversion of the yolk-sac into a
gland-like structure and the formation of the definitive placenta.

Inthe preceding stage (Pl. XIII, Fig. 9) the yolk-sac was loosely coiled. The lumen
had not yet disappeared. The walls now come near each other, the lumen is nearly
obliterated and persists as narrow spaces (Pl XIII, Fig. 11). The yolk-sac gland
lies below the allantoic placental disc. The structure of the yolk-sac gland is very
similar to that of Pteropus (Moghe, 1951; P1. V, Fig. 26) (Pl XIII, Fig. 12).

The chorio-allantoic placenta is now discoidal, the ends of the horse-shoe are
considerably shortened and the middle portion is thicker. The trophoblastic tubules
are thin and are more closely branched. The final placenta is, therefore, discoidal,
labyrinthine and haemochorial (Pl XIII, Fig. 13).

Discussion

I shall confine my remarks only to those features in the development of Cynop-
terus sphinx gangeticus which are peculiar to it or which differ from Pteropus and other
Megachiroptera.

(1) Implantation.—In the absence of very early stages of development, I am
unable to describe accurately the condition of early implantation. But in Blastocyst
I, which is the earliest stage I possess, the implantation appears to be superficial.
This statement very largely depends on the interpretation of the space on the
antimesometrial and lateral sides (P1. XTI, Fig. 1). If the space represents the uterine
lumen then the implantation is not superficial but interstitial. But if the space
represents the degenerated endometrial region, then the implantation will have to be
regarded as superficial. In my opinion the latter represents more correctly the
nature of this space which is filled at several places by degenerating uterine glands,

Keibel’s (1922) figures (Schema A and B, p. 530) show that the implantation in
Cynopterus marginotus is circumferential and superficial. From some of his figures,
however, I am inclined to conclude that the implantation is interstitial (Schema G
and Fig. 8, pp. 539 and 542 respectively). Keibel calls the space on the antimeso-
metrial and lateral sides as a split formed by the separation of a portion from the rest
of the uterine wall. If this slit is not the uterine lumen then the implantation is
superficial. The stage represented by Blastocyst I corresponds probably to this
stage described by Keibel, in which case the implantation in Cynopterus sphinx
gangeticus is also superficial. I am inclined to agree with Keibel regarding the
nature of the space between the placental shell and the uterine wall on the anti-
mesometrial and lateral sides.
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(2) Endoderm-mesoderm tissue.—The occurrence of a spongy tissue above the
embryonic knob and in its immediate vicinity in the extra-embryonic region is an
interesting feature. This tissue is present in Blastocyst I (P1. XTI, Fig.1). Itis at first
confined to the region above the embryonic knob and on both sides of the embryonic
knob, and is apposed to the trophoblast. Later it becomes more abundant (P1, XIT,
Fig. 4) and spreads laterally along the yolk-sac wall between the endoderm and the
trophoblast. It persists up to the formation of the mesoderm, The interpretation
of this tissue is difficult. It is not present in Pieropus or in Cynopterus marginatus
or in the Microchiroptera.

Kohlbrugge (1913) describes in Xantharpya amplexricaudate the presence of a
cell membrane between the embryonic knob and the trophoblast on the mesometrial
side. He calls this the ‘ Dorsal Cap’. It is present in very early blastocysts (vide
Kohlbrugge’s Figs. 26, 27, 28 and 29). Though he does not state precisely the source
of these cells, he suggests that they may be derived either from the embryonic knob
or from the ‘Nabel Blase’. These cells, in his opinion, contribute finally to the
formation of the mesoblast. From a comparison of Kohlbrugge’s figures with
Pl. XII, Figs. 1, 3 and 4, I find that the cells of the ‘dorsal cap’ are the same as the
cells which I have called ‘ Endoderm-mesoderm’ tissue.

Such a tissue is present in the Rhesus monkey (Heusser and Streeter, 1941).
They observe: ‘In the 9-days (C610) (PL. XTI, Fig. 5) and slightly older stages the
primary endodermal sheet is directly continuous with cells similar in appearance which
extend beyond the inner cell-mass and underlie the trophoblast. As development
progresses the lining cells spread even further from the embryonic mass until the stage
11 to 12 days, when the entire chorion is clothed by a thin layer of squamous cells.
As to the origin of cells composing the layer, either they are the descendants of the
first endodermal cells and spread to line the chorion or they arise by delamination
from the trophoblast. In the younger specimen ... the trophoblast. .. gives no evi-
dence of being the source of the cells in question’.

The spongy tissue thus arises in the Rhesus monkey from the first endodermal
cells or from the trophoblast (Heusser and Streeter, 1941) and in Xantharpya am-
plexicaudate from the embryonic knob (Kohlbrugge, 1913). 1 do not possess the
requisite early stages which allow me to trace the origin of these cells.

(3) Amniogenesis.—The formation of amnion is a very peculiar and interesting
feature. The primary amniotic cavity is formed by cavitation (Pl. XTI, Figs. 3 and 4)
as in other Megachiroptera. But, later, folds arise from the embryonic ectoderm and
close over on the dorsal side to form another cavity (Pl XII, Fig. 5)—the ‘ secondary
amniotic cavity’. The two cavities are not in continuation with each other being
separated by the roof of the primitive amniotic cavity. This, however, soon dis-
appears and the two cavities become continuous with each other (P1. XII, Fig. 6).

The formation of the secondary amniotic cavity by the formation of folds is a
feature unknown in Megachiroptera so far studied. Keibel, however, states—‘Das
Ei von Cynopterus marginatus 11 zeight als Besonderheit zwei mit Detritus gefiillte
in Embryonalgebilde’ (p. 548). In the absence of any figures to illustrate this state-
ment and in the absence of any explanation for the significance of these cavities
filled with detritus I am unable to state precisely whether these are homologous to
the primitive and secondary amniotic cavities as observed in Cynopterus sphinx
gangeticus. But the following observation of Keibel is significant: ‘Die Frage, ob
das Ektoderm iiber der “fosse amniotique’ Zugrunde geht, ist von van der Stricht
fiir V. noctula verneint worden (Diskussion zu v. Beneden’s Vortrag, 1889). Fir
Miniopterus schreibersii gibt Da Costa (1920) neuerdings an, dass die im Embryo-
nalknoten entstehende primordiale Amnion-hohle ihre dorsale wand verliert und dass
s0 “‘un espace” trophoectoblastique entsteht. Erst sekundar bilde sick debutant
par les replis ectoblastiques ein definitives Amnion und eine definitive Amnion-hohle.
Bei einem der untersuchten Stadien von Cynopterus (Cyn. 9 xi) hatte ich auch den
Eindruck, dass die ursprungliche Decke des Amnion, weningstens teilweise gesch-
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wunden war, doch ist der Zustand des Prapartes so schlecht, dass ich keinen beso-
dern wert auf es legen kann’ (p. 552),

It is thus certain that in Cynopterus marginatus and C. sphinx gangelicus in
addition to the primary amniotic cavity there is formed another cavity and these
two cavities later become continuous giving rise to the definitive amniotic cavity.

The methods of amnion formation in the Chiroptera have been described by Da
Costa (1920) and in all mammals by Parkes (1951). But the method of the forma-
tion of amnion as is described above is a peculiar one.

Mossman suggests ‘the type of amnion formation is correlated with the method
of implantation . . . that in superficial implantation amniogenesis by folds is constant,
but in the interstitially implanted type. .. it tends to be by cavitation’ (quoted from
Parkes, 1952, p. 100). Such a correlation seems to exist within the group Micro-
chiroptera. Amniogenesis is by folding in Vespertilio murinus, Molossus rufus,
Nyctinomus cynocephala. In Vespertilio noctula and in the Phyllostomid bats the
implantation is interstitial and the amniogenesis is by cavitation. Such a
correlation would also seem to exist in Megachiroptera. In all the species of
Megachiroptera the implantation is interstitial and the amniogenesis is by cavitation.
In C. sphinx gangeticus and probably in C. marginatus implantation is superficial
and the amniogenesis is by cavitation and later by folding.

(4) Yolk-sac gland.—The early and subsequent disposition and behaviour of the
yolk-sac in C. sphinx gangeticus resemble those of Pleropus giganteus giganteus
(Moghe, 1951). During early stages the yolk-sac wall is non-vascular and later it
becomes vascular, After the formation and expansion of the exocoelom the vas-
cular splanchnopleure of the yolk-sac separates from the vitelline placental site and lies
" below the chorio-allantoic placenta as a collapsed bag (Pl XIII, Fig. 9) as in Pteropus
giganteus giganteus. Its lumen is reduced and ultimately the two walls of the yolk-
sac are in apposition and the lumen is completely obliterated except for the slit-like
spaces. It is now in the form of a gland which lies on the mesometrial side as in other
Megachiroptera (Pl. X111, Fig, 11). The gland itself (P1. XIII, Fig. 12) resembles the
yolk-sac gland of Pteropus giganteus giganteus (Moghe, 1951; PL. V, Fig. 26). In the
paper on Pieropus giganteus giganteus (Moghe, 1951) I have already referred to the pre-
vious literature on the subject. I also mentioned there that the conversion of the yolk-
sac into a gland was a phenomenen not restricted to Megachiroptera and that similar
changes take place in one of the Microchiroptera, viz. 2'aphozous longimanus (Fam.
Emballonuridae) investigated by my colleague Mr. A. Gopalakrishna (MS.). Since
then it has also been found in another species of Microchiroptera, Rhinopoma
kinneari (Srivastava, 1952). Further studies on the morphogenesis, cytochemistry
and histochemistry of the yolk-sac gland are in progress. I may point out here that
among the two Microchiroptera in which the yolk-sac becomes a gland, the placental
disc is lateral in Taphozous longimanus and is mesometrial in Rhinopoma kinnears.
Mesometrial placenta is unknown in any other Microchiroptera so far studied.
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SuMMARY

1. The implantation is diffuse and appears to be superficial. The placental shell shows
trophoblastic strands and syncytiotrophoblast and the uterine glands in this region have dis-
appeared and those of the deeper region are hypertrophied. Maternal blood spaces are lined
either by trophoblast or by hypertrophied endothelium in early stages of development. There
is, in addition to trophoblast and endoderm, & spongy tissue both in embryonic and extra-
embryonic regions. In the latter case it is between the trophoblast and the endoderm.
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2. The spongy tissue becomes more abundant and spreads between the trophoblast and
the endoderm in the extra-embryonic region. Spaces or clefts appear in it. This tissue dis-
appears when the mesoderm is formed.

3. The primary amniotic cavity is formed by cavitation but there is another cavity formed
on the dorsal aspect of this cavity. The two cavities are at first not contiguous, but later become
80 by the breakdown of the roof of the primitive amniotic cavity. The new cavity may be
called the secondary amniotic cavity. i

4. The yolk-sac at first has the normal disposition and structure. But in later stages,
ag in Pteropus, it becomes a shrivelled bag and lies first laterally and later mesometrially below
the allantoic placental disc, and later is converted into a gland.

5. The fully formed placenta is mesometrial, discoidal, labyrinthine and haemochorial.
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BExrranatioNn oF Prates XII axp XIIT
(All figures are photomicrographs. The mesometrial side is towards the bottom of figure.)

F1¢. 1. Section of the uterus with Blastocyst I (13-11-1948). There is a space outside the
placental shell on the antimesometrial and lateral sides. X 27.
2. A small portion of the placental shell from Fig. 1 showing basal trophoblast, cytotro-
phoblastic strands penetrating into syncytiotrophoblastic region. X 120.
,» 3. A magnified view of the embryonic knot showing primitive amniotic cavity, embryonic
ectoderm, endoderm and spongy tissue. X120.
Blastocyst IT (27-11-1948) showing the abundant growth of spongy tissue. x120.
Blastocyst IIT (11-11-1948) showing the primitive amniotic cavity and the secondary
amniotic cavity.
Blastocyst IV (18-11-1948) showing the primitive amniotic cavity and the secondary
amniotic cavity which are contiguous. x§.

Prochordal stege (16-11-1948), < 68.
Medullary groove stage (27-11-1948), The mesoderm hes formed and lies between the

trophoblast and the endoderm in the extra-embryonic region and has reinforced the

amnjon also. X 35.

»» 9. The yolk-sac is a loosely coiled bag below the placenta on the mesometrial and lateral
sides. X 30.

,» 10. The structure of the placenta at the stage when the yolk-sac is gland-like. X 48.

,» 11, The lumen of the yolk-sac is obliterated and the structure resembles a gland. X 60.

,» 12. The yolk-sac gland. % 265.

13. Placenta at near-term stage. X 56.
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