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THE DEVELOPMENT OF THE COTTON RAT,
SIGMODON HISPIDUS TEXIANUS (Audubon and Bachman, 1853),
MTROUGH THE FIRST NINE AND ONE HALF DAYS OF GESTATION.

INTRODUCTION

The purpose of thls paper 1s to present observations

on early development of the cotton rat, Sigmodon hispidus

texianus during the first 9% days of gestation. Develop-
ment of the cotton rat is compared with that of other
rodents and relationships of Sigmodon are suggested.
Embryonlc development of the cotton rat has not preyiously
been investigated. Meyer and Meyer (1944: plate 2, figures
8, 9, 10 and 11) published photographs of a freshly ovulated
egg, three two-cell stages, two eight-cell stages and a
blastocyst. These early stages had been flushed from the
reproductive tubes and were described only briefly in the
legends for the figures.
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MATERIALS AND METHODS

In order to estimate the age of embryos as sccurately
as possible, pairs of rats were placed together for mating
only after the females were known to be in estrus. Estrus
was detected by the vaginal smear method using the pipette
technique (Snell, 1941); vaginal smears were stained with a
trichrome mixture. Successful copulation was verified by
noting the presence of a vaginal plug. Copulation was
actually observed in only two instances. Other palrs that
copulated did so when allowed to remain together for some
previously determined perliod, such as two, three, four, eight
or twelve hours. The age of embryos was calculated from the
time of observed or estimated time of copulation. The female
of & pair of rats that was left together for a specific period
of time and that developed a vaginal plug, was arbitrarily
assumed to have copulated in the middle of the period during
which the animals had an opportunity to mate, and the age of
emhryos was estimated accordingly.

Females to be secrificed were killed with ether or by
pithing. The genital tubes were fixed 1mmed1ateiy in Bouin's
golution for 12 to 24 hours, After fixatlion the tissues were
washed in running tap water and transferred to a solution of
lithium carbonate to neutralize any remaining pilecric acid.
Tissues were stalned in toto in Harris' haematoxylin for 12
to 24 hours, treated with acidified 70 per cent alcohol to

remove excess stain, and finally neutralized in basic 85
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per cent alcohol. Sections were made by the paraffin method
in the usual menner, and were cut at intervals of 10, 15, or
20 micra, sccording to the nature of the material. Smaller
embryos were cut at Intervals of 10 micra. Since 1t was not
feasible to remove from the uterus embryos younger than 43
days of age, sections of these were obtained by making
longitudinal serial sections of the uteri containing them.
Embryos 4% days of age to 2% days of age were easlily located
by iocalized uterine enlargementsf These enlargements were
separated and sectioned elther parallel or transverse to the
longltudinal axis of the uterus; a few &} day old and 9% day
0ld embryos were dissected from the uterus and fetal membranes
and sectioned either parallel to the saglttal plane, or
transverse to the crown-rump axis.

All measurements given were made of fixed or preserved
material. Measuremsents of ova and cleavage stages do not
include the pellucid membrane, and measurements of embryos
older than 4% days do not include the ectoplacental cone.

More than 300 animals were used in this study, and a
total of 170 embryos were sectlionsd or dissected. A partial
1list of the eggs and embryos used in this study appears in
table 1.



DESCRIPTION OF DEVELOPMENTAL STAGES

Ovarian Stages and Ovulation

Ovarian ovas- The development of the ovarian egg of

Sigmodon 1is similar to that in other mammals. Primary
follicles (figure 1, Plate I) are sparingly distributed in
the cortex of the ovaries. A young primary follicle is
approximately 68 nmicra In diameter and is made up of a
single layer of follicle cells enclosing a primary oocyte
measuring approximately 40 micra in diameter. Ths nucleus
of such an obcyte 1s clear except for scattered chromatin
granules which stain lightly with Harris'! hasmatoxylin.
Primary folliclea grow in size as follicle cells increase
in number.

As follicular growth continues, vacuoles or spaces
appear among the follicle cells (figure 2, Plate I). These
spaces coalesce and form an antrum, which marks the iniltiation
of the secondary folllcle. The follicle at this stage is
approximately 280 micra in diameter. The oOcyte approximates
54 micra in diameter and 1s eccentrically situated., Its
nucleus is clear and 1ts chromatin granules stain lightly
with Harris!' haematoxylin.,

When ovarian folllcles are mature (figure 3, Plate I)
they are found at the periphery of the ovary and approach
466 micra 1n dlameter, They are distended by follicular

llquild and bulge at the free surface of the ovary. As ovu-



lation approaches, the superficial part of the follicle 1s
raised into a local elevation, the stigma.

The oocyte is buried in a mass of folliculer cells, the
cumulus oophorus, and is surrounded by a transparent membrane,
the zona pellucida. HMature ovarian eggs measure approximately
82 micra along the main axis by 57 micra wide; the thickiess
of the zona pellucida is epproximately five micra. The zona
pellucida seems to be weak and flexlble before ovulation
(figure 4, Plate I; figure 1, Plate II). As ovulatlon
epproaches, cells of the cumulus oSphorus which adhere to the
oO0cyte constitute the corona radista.

Ovulation:- Females that are sacrificed in estrus have
some ova in the ovaries, whereas other ova are newly ovulated
and are situated in the upper ende of the oviducts. Ovarian
ova clearly show the process of the first maturation division;
nucleil are in prophase (figure 4, Plate I) and metaphase
(figure 1, Plate II). Some ovarien eggs float in the antral
space in mature follicles. These ova (figure 2, Plate IT)
have undergone the first maturation division and the nuclel
are in the metaphase stage of the second maturation division.
Floating ova are approximately 66 micra wide and 73 mlcra
along the main axis. A perivitelllne space 1s appearing
(figure 2, a, Plate II) and the first polar body is situated
in 1t (figure 2, b, Plate II}. Floating ova are further
characterized by strands of adhering follicular cells, the

corona radiata. Corona cells are large and vacuolized and
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thelr nuclel sfain darkly with Harris'! Haematoxylin.
Newly ovulated eggs (figure 3, Plate. II) still possess
an adhering corona radlata. HNuclel of such ova are stlll in

metaphase of the second maturation division.
FErtilization and Cleavage

Ono-~-cell stage:- All one-cell stages were found in

the upper third of the oviducts. Some of the one-cell stages
were newly ovulated ova (described above). Older one-cell
stages (figure 4, Plate II) differ from the newly ovulated
ova in that the cells of the corona radlata are dispersed
and the ovum nucleus stalins darkly with Harrls' haematoxyling
the zona pelluclda appears to be structurally tough and
heavy. In all of the one-cell stages seen, only one polar
body was observed and no pronuclei or cleavage spindles were
observed, The more advanced one-cell stages are found 10

to 15 hours after copulatioh when the uterus is distended
with f}uid containing motile sperm. Although secondary polar
bodies, pronuclear stages, and penetration of the ovum by
sperm were not observed, dispersion of the corona radiata
cells and the presence of sperm at thls time indicate that

fertilllization takes place 10 to 15 hours after copulation,

Two, four, and elght-cell stages:~ Two-cell cleavage
stages (figure 1, Plate III) are situated in the upper third
of the oviduct 24 hours after copulation; four-cell stages
(figure 2, Plate III) travel as far as the middle third of



7

the oviducts by 36 hours. These stages are enclosed in a
zona pelluclda and often exhlibit one polar body. Morulae

of eight cells (figure 3, Plate III) are found in the
antimesometrial crypts of the uterine tubes by 72 hours.
Blastomsres vary in size; the largest blastomere is farthest
from the uterine epithelium and is approximately 23 micra

in diameter while the remaining blastomeres are approximately
15 micra in dlameter.

Farly blastocyst stage:- By 3% days the early blasto-

cyst, consisting of approximately 32 cells still enclosed in
the zona pellucida, 1s formed, Externally the blastocyst 1is
ovoid in shaﬁé approximating 70 micra along the main axis
by 64 micra wide. The blastocoel is eccentrically situated
toward the abembryonic zone. The blastocyst 1s composed of
an inner cell mass and trophoblast. The trophoblast 1s com-
posed of flattened cells which are situated around the peri-
phery of the young embryo in a single-cell layer, enclosing
the blastocoel and the inner cell mass. The inner cell mass
1s composed of eight to ten oval or spherical cells. The
three blastocysts observed varied only slightly. Blasto-
cysts of thls stage are situated in the antimesometrial part

of the uterus but have no particular orientation within 1it,

Endoderm Formation

Blastocysts of at least 96 cells form by three days,
16 hours (figures 1 and 2, Plate IV). At this time the blasto-



coel distends and the pellucid membrane disappears. Nine
blastocysts of this stage of development were approximately
160 micra along the embryonic-abembryonic axis and 108 micra
wide., Probably blastocysts are ovoild in shape in life, but
in preparc’ion for study many were distorted. With increase
in size of the cavity of the blastocyst, the disc-shaned
inner cell-mass becomes relatively less prominent.

The cells of the inner cell-mass, as seen in section,
are elongate, about eight micra wide and 11 micra long.
Cytoplasm is scanty and contalns no distinet granules.
Nuclei of these cells are largs, vesicular structures making
up about two-thirds of the bulk of the cells. Chromatin 1s
granular, scattered and stains lightly with Harris'! haema-
toxylin.

Trophoblastic cells are approximately six micra in
thickness and 10 micra to 18 micra in diameter. Eowever,
colls of the trophoblast which touch the uterine epithelium
are larger, approximately 10 micra in thiclmess and 19 micra
in diameter (figure 1, c, Plate IV). Cytoplasm of all
trophoblastic cells 1s scanty and refractory to staining, but
cells which touch the uterine epithelium have relatively mcre
cytoplasm. HNuclei of the trophoblastic cells are large and
were frequently observed in various stages of mitosis.

Endoderm formationt~ By three days and 16 howurs,

endoderm barely makes l1lts appearance, A clearly formed layer

of endoderm in the reglon of the inner cell-mass 1s not yet



discernible, but a few scattered cells, or in some blasto=
cysts of this age, a strand of detached cells along the inner
surface of the trophoblast signializes the first appearance
of endoderm (figure 2, b, Plate IV). These endodermal cells
seem to arise by delamination from the inner cell-mass and
migrate around the inner surface of the trophoblast to form
the distal endoderm. These observatlons of Sigmodon are
similar to those of Heuser and Streeter (1929) for the pig.
The cells of the trophoblast may be considered ectodermal,
while the proximal endoderm and the ectodermal node form
from the inner cell-mass, According to Heuser and Streeter
(1929), development of the plg embryo, is similar to that

of Sigmodon, as 1s slso the development of Rattus norvegicus

(Huber, 1915).

The trophoblastic cells above the inner cell-mass are
not disﬁinct»by the fourth day. The trophoblastic cells
seem to participate iIn the formation of the ectoplacental
cone. Cell walls in the region (the forming ectoplacental
cone) are syncytial and nuclel have chromatin granules which
are scattered throughout the nucleoplasm or these granules
are sometimes distributed around the periphery of nuclel.
The chromatin granules staln lightly with Harris'! haematoxylin,
Cells of the forming ectoplacental cone join the inner cell-
mass and dorsally cells of the ectoplacental cone mingle

insensibly with the cells of the uterine tissue.
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Differentliation of the Embryo and Embryonic Cyst

There is a marked differentiation of the inner cell-mass
by the fourth day (figure 3, Plate IV). An embryonic ectodermal
node is in the center of the inner cell-mass (figure 3, b,
Plate IV) and embryonic ectoderm will form from this node.
The nuclel of the cells of this node are oval and stain
lighter than other cells of the inner cell-mass.

Nuclei of proximel endodermal cells (figure 3, c, Plate
IV) are clongate in section and stain darkly with Harris!
haematoxylin, Extraembryonic ectoderm (figure 3, e, Plate IV)
forms from cells which are dorsal to the ectodermal node;
these cells, which stain darkly with Harris'! hesematoxylin,
have oval or irregularly shaped nuclei. As the cytoplasmic
strands of the trophoblastic cells (figure 3, d, Plate IV)
penetrate the uterine epithelium the trophoblastic cells
swell and ere partly obscured by epithelial and subepithelial
c¢ellular debris and pigment granules.

The inner cell-mass has grown deeply into the blasto-
coel by four days, four hours (figure 4, Plate IV). A
proammiotic cavity appears by cavitation in the embryonic
ectoderm (figure 2, a, Plate XI). It is circular and is
apoproximately 66 micra in diameter. The "cone-shaped"
ectoplacental cone is syncytial and contains many pigment

grenules (figure 4, a, Plate IV),
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Thoe egg cylinder, prsviously called the Inner cell-
mass, occuples most of the original blastocoel (figure 2,
Plate V) in ewbryos 4% days of age and the prozimal endoderm
geems almost to fuse with the distal endoderm.

The trophoblast which at this time 1s difficult to
observe, 1s partly transformed into primary giant cells
(figure 2, e, Plate V). These are three or four times the
size of any of the surrounding cells. The cytoplasm is
refractory to Harris! haematoxylin. DHNuclel are =pproximately
19 micra In dlasmeter. Chromatin is distributed in flocculent
strands which stain darkly with Harris! haematoxylin, but
nucleoplasm does not stain. Distal endodermal cells (figure

2, b, Plate V) appear to be scattered and to form an in-
complete layer. Ventrally the endodermal cells are oval
and enlarged in contrast to the smealler, flattened endo-
dermal cells found elsswherse along the trophoblast. Distal
sndoderm 1s continuous with the proximal endoderm. The
trophoblast surrounds the egg cylinder and terminates dorsally
at the oectoplacental cone. .

The egg cylinder 1s completely covered externally with
a proximal, single-cell layer of endoderm (figure 2, ¢, Plate
V). The cells of thils layer tend to be cuboidal, with large
nuclel. At the Juncture between embryonic and extraembryonic
ectoderm, the endodermal cells and nucle! becoms flattened
and spindle~shaped. This type of cell covers the amwbryonic

sctodermal region. At the antimesometrial (ventral) end of
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the embryonic cctoderm the sndodermal cells are large and oval,
possessing large ovael nuclsi.

The ewbryonic ectodermal region of the agg cylinder is
characterized by cells with round or ovel nucleil and by
cytoplasm that stains lightly with Harris' haematoxylin.
Cytcplasm of cells in the extrasmbryonlc ectodermal'region;
of the egs cylinder, stains intensely (figure 2, a, Plate V)
wilth Harrils! haematoxylin and the nuclel appear elongate in
section. Many of the nuclei asre small and more of them show
mitotle conflgurations than do cells of embryonic sctoderm.

The proammiotic cavity remains approximately 66 micra
in diameter in embryos of 4} days development.

The emwbryonlic cyst:- The original proamniotic cavity

1s continuous with an ectoplacsntal cavity by the fifth day
(figure 2, b, Plate V). The ectoplacental cavity, arlsing
by cavitation, extends as a2 cleft through the extrasembryoniec
ectoderm and slightly into the ectoplacental cone., This
continuous cavity or cleft, composed of the combined pro-
amnlotic and ectoplacental cavities, is known as tho chorio-
amniotlc eavity. It 1s sbout 20 micra in width and approxi-
mnately 170 mlicera in length,

Hesometrially there is a "cone-shaped" ectoplacental
region (figure 1, a, Plate V). It is marked off from the egg
cylinder by a constriction as it merges with the mesometrial
extraembryonlic ectodermal layer. The appearance of the ecto-

placental syncytium 1s granular and cell boundaries are
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indistinct. DNuclel of these cells are irregular in size.
In some of these nuclel chromatin is not discernible, whereas
others are fillled with discernible chromatin granules or
have one or two spheres which stain intensely with Harris!
haematoxylin. Glant cells appear along the lateral borders
of the ectoplacental cone and dorsad to the ectoplacental
cone. These glant cells are numerous but most of them are
relatively small, ranging between 10 micra and 12 micra in
diameter. Except for their size these cells have the seme
appearance as the primary glant cells, They possibly arise
from the cells of the ectoplacental cone.

The egg cylinder 1is readily divisible into a dorsal
(mesometrial) elongate extraembryonic region (figure 1,
Plate V) and a ventral embryonic ectodermal region. The
dorsal part of the egg oylinder 1s surrounded by colummar
endodermal cells (figure 1, ¢, Plate V). The nuclei of
these cells are situated basally toward the ectoderm snd
cytoplasm at the distal region of these cells 1s vacuolated.
The ventral region of the egg cyllinder, knoblike in shape;
is composed of embryonic ectoderm (figure 1, d, Plate V).
The endodermal cells surrounding this region range in shape
from cuboidal to flattened cuboidal,

The proximal endoderm of the eggz cylinder approaches
fusion with the distal endoderm distributed along Reichert's
menbrane (figure 1, £, Plate V). Any space that is evident

between the endodermal layers represents the 0ld blastocoel
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(figure 1, e, Plate V). Antimesometrially (ventrally) the
distal endodermal cells are flattened and are approximately
eight micra long. However, at the extreme ventral end of

the egg cylinder endodermal cells are larger measuring 10
micra long; they possess oval nuclel. Toward the ectoplacental
cone the distal endodermal cells are approximetely 10 micra
long and are flattened in shape.

Twenty two embryonic cysts on the sixth day of develop~
ment (figures 1 and 2, Plate VI) averaged 375 micra in lenginh
and 180 micra in width, The amnio-chorionic cavities of
these embryos averaged approximately 268 mlcre in length en?
84 micra in width.

Early sppearance of the amnion and mesoderm:~ Amniotie

folds mark the juncture of the embryonic ectoderm with the
extraembryonic ectoderm (figures 1 and 2, Plate VI), One
fold (the posterior ammiotic fold) protrudes more prominently
into the chorio-ammiotic cavity (figure 2, f, Plate VI) than
the anterior amniotic fold. The pronounced protuberance 1s
caused by a thickening of the ectoderm and the probable
appearance of mesodermal cells (f1gure 2, d, Plate V1) de-
laminating from embryonic ectoderm. The embryonic ectoderm
in the region of probable mescderm appearance 1s somswhat
syneytlial in appearance, The development of possible mesoderm
is observed only close to the median sagittal axis of the
embryo and near the posterlor end of the embryonic ectoderm.

The embryonic axis 1s established by the sixth day; it
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11es in the shape of a "C" extending from the posterior to

the anterilor amniotic foid\(figure 2, Plate VI). The embryonic
region (figure 2, 6, Plate VI) consists of the germinal disc
which glves rise to the primitive shield (embryonic disc) and
primitive stresk.

Pormation of fetal membranes:~ ZEighteen embryonic cysts

observed 1n the seventh day of development average 685 micra
In length and 460 micra in wildth. These embryonlc cysts
have almost doubled An size since the sixth day.

Besides undergoing rapid growth, these embryos are
rapidly diffeféntiating’fetal membranes, At the sixth day,
only amnion formation was indicated by the presence of the
posterior and anterior emniotic folds, but the chorion, amnion,
early allantolc bud, and the yolk sac are evident at seven
days (figure 1, Plate VII),

As mesoderm is differentiated from the primitive streak,
1t moves laterally and czudally Into the developing amnlotic
folds and eventually moves cephalad, penetrating between the
enbryonic ectoderm and endoderm and then extraembryonic ecto-
derm and endoderm (figure 3, Plate VI), Mesoderm moves into
the region of the amnilotic fold and in Mus this mesoderm is
soon characterized by the appearance of small spaces which
coalesce (Snell, 1941). This process of coalescence was not
observed in Sigmodon, but a large, ring-shaped space is formed
(figure 3, c, Plate VI). This space extends around the
circumference of the embryonic cyst and 1s the definitive
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exocoelom, The appearsnce of the exocoelom gives rise to
the somatopleuric chorion (figure 1, ¢, Plate VII) and
anmmion (figure’l; f, Plate VII). Laterally the exocoelom
1s bounded by splanchnopleure; this is the yolk sac (f1gure
3, h, Plate VI; figure 1, d, Plate VII).

Just prior to the division of the original chorio-amniotic
cavity into the chorionic cavity, exocoelom and ammiotiec
cavity (figure 1, a, b, g, Plate VII) an amnio-chorionic
pore 1s observed (figure 5, b, Plate VI)., The amnlo-chorioric
pore 1s eventually closed and the exocoelom becomes a spaciops
cavity completely separating the chorion and amion (figure
1, Plate VII).

The allantols 1s formed as a porous, mescdermasl bud
growing out from the posterior end of the primitive streak
(figure 1, e, and figure 2, a, Plate VII). It does not have

a cavity.

Four somite stage:- The embryo at 7% days (figure 4,
Plate VII) is characterized by four somites.

In the four-somite cotton rat embryo there is a head
fold extending over a subcephalic pocket (figure 4, e, Plate
VII). Formation of the he;d fold 1is accompanied by the
appearance of the foregut and anterior intestinal portal
(figure 4, £, Plate VII)., In the mesenchyme between the gut
endoderm and phe ectoderm of the subcephalic pocket are located
endothelial tubes of the developing heart (figure 4, g, Plate
VII). OVef the head fold and the ralsed part of the‘body;
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the neural plate 1s differentiating 1nt9 neural folds
(figure 4, Plate VII).. There are four or five palrs of
somites. (figure 4, d, Plate VII). A rod of closely arranged
cells, the notochord, 1s situated in the median saggital

plane of the embryo. Reichert's menbrane and the dlstal
endoderm are-observed‘(figure 4, h, Plate VII). The allantoic
stalk (figure 4, b, Plate VII) is elongate and extends

toward the chorion (figure 3, ¢, Plate XI). The chorionic
space (figure 3, b, Plate XI) 1s reduced to a small cavity

as the chorlon approaches the placental reglon,

Seven somite stage:- A comparison of the seven-somlte

enbryo with the four-somlte embryo wel}.illustrates the rapid
development.wh;ch takes place within a one-day interval.

The eirculatory system shows extensive differentiation
and is assumed to be functlonal since blood cells are observed
throughout the embryonic and extrasmbryonic circulatlion. The
*embryonic.circulatory'system»consists of a_single thular,
flexed heart (figures 2 and 3, Plate X), a ventral sorta w
which immediately divides into the first and second sortie
arches (figure 4, b, Plate X). The extraembryoniec circulatory
organs consist of vitelline vessels (figure 3, a, Plate . XI)
which course to and from the yolk sac through the margin'of
the midgut (figure 3, b, Plate XI), Blood cells in the blood
vessels are numerous (figure 2, b, Plate X). The bulbar;
ventricular and atrial regions of the heart can be distinguished
(figure 2, B, ¢, and figure 3, a, Plate X). The cardiac
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coelom 1s established,

In the nervous system, the several vesicles of tbe
brain, the telencephaion; dlencephalon, mesencephalon,
metencephalon and myelencephalon can now be recognized. The
vesicleés are open at the dorsel surfaces (figures 1 and 3,
Plate X). Optiec vesicies have ovaginated from the dien-
cephalon (figure 4, a, Plate»X)'and,the otic placodes have
appeared in the somatic éctoderm lateral to the myeiencephalon
and are invaginating (figure i, d, Plate X). The neural tube
1s open (figure 4, Plate XI). Several cranial ganglia are
appearing; the semilunar and the geniculate ganglia.

In the four-somite stage (7% days) the mid-gut was an
open space and there was no hind-gut (figure 4, Plate VII).
By 8% days the gut 1s complete except at a restricted mid-
gut region where the splanchnoplseure of the gut becomes cone
tinuous with the true yolk sac (figures 3 and 4, Plate XI).
The foregut 1is differen#iated to form a pharynx (figures 1
and 4, Plate X) with visceral pouches which are separated
from the outside by closing membranes (figures 1, 3, Plate X).
The pharynx is separated from the stomadseum (figure 1, f,
Plate X) by an oral plate which is perforate. The allantois
1s fused to the chorion (figure 3, ¢, Plate VII).

Flexure and torsion:- Flexure and torsion of the embryo

takes place within the 7% and 8% day interval. Rotation is
towsrd the left side of the embryo. A cephalic flexure brings
the maxillary region of the head into adult relationship with
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the mandibular-arch (figure 3, b, Plate X). There is also

a caudal flexure'gtuphelpggt?rior end of the embryo (figure
1, Plate XI), At six days the embryo is "C-shaped" with

the vpntpal,éurface on-the-dogvex side of the "C" (figures

1 and 2,.Plat$ VI),,.By¢7%'days.the\embryo is aimost flat
(figure 4, Plate VII) and with the ventral mid-gut region
outside the embryo, By 8% days the external form of the
enbr#o,ﬁpwing to torgioﬁ<and,flexure, 1s en "sthaped"'spiral
with the ventral surface enclosed within the embryo (figure
1, Plate XI). | |

IMPLANTATION AND PLACENTATION

In order to present a concise and clear discussion of
implantation and placentation, this subject is presented in
a separate discuss;on beginning with the inception of ime
plantation through 9% days.

The blastocyst 1s characterized by a superficilal attach-
ment to the uterine epithélium”by three days and 16 hours
(figures 1 and 2, Plate IV). The uterine epithelium under-
goeg some degeneration in the region of this contact: Pig~
ment granules are scattered in the region of this contact;
epithelial cell walls are indistinct and the position of the
nuclel of these cells gives the epithelium a pseudostrati-
fled appearance (figure 2, Plate IV); there are eroded conw-
cavitigé»in the uterine epithelium occupied by the cells of
the trophoblast (figure 1, Plate IV). The first attachment
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of the uterine epitheiium seems to be c¢aslly broken since
some of the blastocysts appear to have been detached, show-
ing fragmented tissue where the blastocysts would normally

be attached to the uterine epilthelium., Cytoplasmic s trands
of the enlarged trophoblast cells (figure 3, d, Plate IV) are
penetrating the uterine epitheiium by the fourth day. In
these regions of penetration there are pigment granules and
cellular debris arising from degenerating eplthelial and
subepithelial cells and their nuclei, By four days the cells
of the endometrium are undergoing a decidual reaction, as a
result of which they become large and epithellold. These cells
are usually vacuolated and the cell wells are obscure. Their
cytoplasm stains lightly and the nuclel are large and clear
except for chromatin granules.

The decidual reaction (described above) reaches about
half way through the endometrium by four days, four hours
(figure 1, Plate IX). There is a "cordlike" distribution of
decidual cells (figure 2, Plate IX) accentuated by flattened
sinuses (figure 2, ¢, Plate IX) which radlate ventrally end
diagonally from the embryo and uterine lumen toward the ventral
periphery of the uterus. Three zones are characteristic of
the decldua capsularis. In the inner zone (figure 2, b, Plate
IX), decidusl cells are smell end closely packed together,
but in the middle zone (figure 2, d, Plate IX), decidual cells
are vacuolated, lerge and loosely arranged. In the distal

zone (figure 2, e, Plate IX) the decidual cells are small
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and mingle indistinctly with the unchenged endometrial cells.
The unchenged endometrial cells, peripheral to the distal zone,
are polygonal in shape and give the tissvwe a loose texturs.

A decidual cavity has appeered (note the cavity around the
ewbryo in figure 2, Plate IX). Primery glant cells which are
locatod in this cavity erode decidual tissus and enlarge the
decldual cavity. Blood sinuses are more prominent than at

four days, and maeternal blood cells are found around the embryo
(nqte the small dark spots below the embryo in figure 2, Plate
IX)., The uterine lumen closes around each implantation site
(figures 1 and 2, Plate IX). These thickened uterine im-
plantation sites are apparent upon gross inspection of the
uterine tubes when they are ezcised. These sites arise as

the decidusl cells undergo mitosis and growth. This growth
begins with the inner decidual zone and progresses toward the
muscularis of the uterus.

By four days, four hours two decidual membranes meke
thelr appearance. The decidua capsularis reaches from the
decidual cavity laterally and ventrally (figure 1, a, Plate
IX). The decidua basalis appears between the ectoplacental
cone and the uterine lumen (figure 1, c, Plate IX). By 43
days the decidua capsularis reaches almost to the muscularis
in the ventral region of the uterus and the decidua basalis
reaches almost to the dorsal muscuvlaris.

By the fifth day the decidual capsularis reaches to the

muscularis and the decidua basalis extends into the muscularis.
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Primary giant cells may be seen in the deciduasl cavity.

The decidua basalis is extensive by the sixth day and
the decidua capsularis has reached its maximum development.

As the decidual growth moves outward, the inner decidual
regions are attacked by glant cells which are moving outward
from the trophoblast. The process 1s apparent by the sixth
day; the decidual cavity enlarges as the glant cells continue
to -attack .the decidua capsularis (figure 1, Plate VI).
Decidusl cells in the region of attack are degenerating as
evidenced by the presence of pigment granules, pycnotic nuclel
and disappearing cytoplasm.

By the seventh day the decidual transformation reaches
the muscularis on all sides of the embryo (figure 4, Plate
IX). The decidua basalis (figure 4, a, Plate IX) 1s extensive
and penetrates the dorsal muscularis, Its lateral margins
are extensively coursed by large blood sinuses (figure 4,
Plate IX). The decidua capsularis (figure 4, ¢, Plate IX)
is regressing; glant cells are particularly active in the
decidua capsularls and blood sinuses are lacking in it.
Maternal blood sinuses are in contact with Reichert's membrane
(figures 3 and 4, Plate VI; figures 1l and 2, Plate VII).
Uterine glands are not discernible.

By 8% days the decidua basalis is massive, permeated
by blood sinuses and appears to be "spongy" (figure 3, g,
Plate VII). By comparison with the basalls, the capsularis
is thin (figure 3, b, Plate VII). The decidua capsularis is
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detaching from the muscularis making the uterine lumen
continuous again (figure 3, 2, Plate VII), but opposite to
the original lumen. The ectoplacental cone 1s permested
with small blood sinuses and is fused with the decidua basalis.
The chorlon and allantois are also fused to the decidua
basalis. Thus the embryo haz contributed the ectoplacental
cone, the chorion and the allantols to the placenta. Then
the chorion fuses to the ectoplacental cone the yolk sac
fuses to the peripheral mergin of the definitive plecenta
(figure 3, Plate VII). Trophoblastic vessels esre formed
(figure 3, o, Plate VII) and meternal labyrinths (figure 3,

f, Plate VII) sre numerous.
ANGIOGENESIS AND PLACENTAL RELATIONSHIPS

From 7% days through 9% days the yolk sac is the hemo-
postic organ of the embryo. At 7% days scattered hlood
i1slands appear in the splanchnic mesoderm of the yolk sac
(figure 1, Plate VIII). The cells In these 1slends are
irreqular in shape and have large, distinct nuclel. Bﬁ
8% days the entire yolk sac mesoderm is undergoing anglogenesis
(figure 4, a, Plate XI). Some cells are differentiated into
endothellal cells while others become hemoblasts. The meso-
dermal wall of the yolk sac is now an "aree vasculossa,"

Hemoblasts are found In sbundance in the blood vessels

(fizures 1, 2, and 3, Plate X) of the embryo, but they



are negligfble or lacking in the fetal placental vessels
(figure 3, Plate VII), By 9% days hemoblasts are found in
appndance in the fetal placental blood vessels and blood
vessels of the embryo and are in all stages of mitosis
(f£1gure 2, b, Plate VIII).

The yolk-sac and Reichert’s mexbrane are the only
structures through which éxchénge between the embryo and
tha’moth§r~occur until 9% days. By 9%-days fetal blood 1is
circulating in the trophoblastic vessels (figure 2, ¢, Plate
VIIT), and the placenta assumes its function. At this time
scattered hemoblasts are circulating through the spongy
allantois<1ndicating the appearance of an umbilical circu-
lation, No umbilical vessels are ldentifiable, however, and
the allantois remains porous.

Sigmodon is characterized by a chorio-allantoic placenta.
The chorion is fused to the ectOplacental_conevand‘is vascu-
larized by allantoic mesoderm. ALt 8% days the piacenta is
characterized by a labyrinthine, hemo-choriel condition
(figure 3, Plate VII and figure 2, Plate VIII), but by 93
days the placenta is approaching a hemo~endothelial condition
(figure 2, d, Plate VIII).
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Table 1

Summary of Ova and Embryos Availsble for this Study.

"ﬁsvelopmental

Number of ova

Embryonic ‘ Figures  Aversge Measurements
Age Stage or Embryos Width Main Axis
Ovarian (early 12 i, Plate I STu 82u
and late prophase 1, Plate II
and metaphase ‘
Ovarian (Free 12 2, Plate II 66u  73u
floating)
Tubal (Newly L 3, Plate II S0u  S0u
ovulated with '
coronal cells)
16 hr. Tubal (one cell) 5' i, Plate II 50u 50u
2l hre Tubal (two cell) o3 1, Plate III 60u  60u
36 Hr. Tubal (thres-four L 2, Plate III 60u 60u
cells)
3 days Uterine (eight cell '3 3, Plate III 60u 70u
morula)
3 1/2 days Blastocyst (32 cells) 3 Ly, Plate IIT 6 70u
3 days Blastocyst™ 9 1, 2, Plate IV 108u. 160u
16 hrs. (attachment)
L days Implentation 2 3, Plate IV 120u  160u
‘) days Tnplantation 11 L, Plate IV 85a  120u
ht'hra. ’
i 1/2 days Early egg cylinder 6 2, Plate V 120u  220u
5 days Embryonic cyst 9 1, Plate V Wou  345u
6 deys Amiotic fold 22 1, 2, Plate VI  175u  345u
7 days Chorion, Allantois 18 3, L, Plate VI héSu  685u
yolk sac 1, 2, Plate VII
7 1/2 days Four somite 9 L, Plate VII 960u  1035u
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DISCUSSION
Thef?roblem of Calculation of Embryonic Age

In order to establish*ﬁhé“aée of enbryos, it 1s necessary
to Xnow when copulation, ovulation and fertilization oceur,
Observations of Glark (1936) . and " Meyer and Meyer (1944)
Aindicate that ovulation occurs in 1ate estrus. My obser-
vations differ 1n that I found newly ovulated ova when I
sacrificedufemalea at the earliest indicatlon of estrus as
well as oﬁé in mature ovarlan follicles which would be
ovulated later. Moyer and Meyer (1944) state that the duration
of estrus in Sigmodon varies Irom one to 12 days (average 5.6
days) where the animals asre exposed tO‘disturbing conditions
and one to four days (average 1.7 days) where the animals
are situated in a quiet environment. When estrus averages
1.7 days, ovulation can be crpected to continue through as
mueh as 24 houra or mpre; However, I placed a male with a
female as soon as the female gave evidence of estrus, since
Bowman (1€’1) reported that in Rattus the incidence of
fortilization was markedly lowered when copulatlion occurred
late in estrus. The time of copulation can be, of course,
under the control of the investigator and after I pleced a
male with a female I either observed copulation, or allowed
selected intervals of time to elapse. On the occasions when
I observed copulation, it waswﬁoted that the male would mount

the female time after time. In Sigmodon fertilization
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probably occurs about 10 to 15 hours after copulation. While
not conclusively establishing thet feftilization had occurred,
one-cell stages 10 to 15 hours after copulation had lost
their corona radiata cells and the uterine tubes and oviducts
wére’distended:with fluid containing motile sperm. Odor

and Blandau (1951) in their studies of fertilizetion and the
first segmentation aivision in rat ova observed that a nunber
of ova were penetrated by sperm 11 to 12 hours after the

onset of‘heat'(upon deteﬁmination'Of the onset of heat females
were immediately placed with males). It is indeed probsble
that in Sigmodon fertiliZafiQn occurs 10 to 15 hours after
copulation.,

In several instances I observed copulation which was
judged unsucéessful because there was no vaginal plug and
continued observation showed that pregnancy did not occur,
Females;were carefully examin>d throughout the investigation
to be sure that & vaginal plug was formed and when a vaginal
vpiug did'th form male mates were replaced with others.
Alternating several males with a female in estrus was .success-
fully used by Wright (1948) in his work with the weasel.

There 1s varistion 'in the developmental stage reached
by embryos of Sigmodon'after‘h glven interval of time,
arising from varlations in time of ovulation, fertilization,
rate of travel of the ova down the oviducts and rate of
implantation.

Not only does development among embryos differ, but also
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growth after parturition. I have observed that entire
iitters'of'Siggpddnfcﬁaractérisﬁically grow slowly, while
other entire 1itteré characteristically grow relativeiy
rapidly., The slower developmeﬁt after parturition can almost
aiways be correlated with excitable animals, whereas the
relatively‘rapid development after paffufition.usually is
correlated with less excitable animels. MacArthur (1944)

in his wprk with mice, selected for body slze alone and found
these snimals differed unexpectedly in many other characters
and traits such as behaviéf,*hair color, relative length

of the eppendages and litter size. He stated that the large
"race" has certain distinguishing coat colors, is more docile
and inactive, has comparatively shorter ears, feet and tail,
and bears many more young pér’litter. He suggests that large
litters result from superovulation in the»large race and that
this is regulated by the~gonadotropic hormones of the anterior
pitultery. FPinally he suggests that differences between
"races" of mice, such as size of 1litter, or length of
appendagés are not determined by specilal fertility factors

or ear-length genes, but in great part“by the same cormmon or
goneral multiple size orfgrowth rate factors that control

size of body. Regarding the embryological basls of size
inheritance in the rabbit, Gregory and Castile (1931) observed
that development of eggs of large adult animals was more rapid
than those of small, adult rabbits., They suggested that =

greater riciness of the nucleus in the "-SH group" may be
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responsible for such rapid growth, but whether such com-
poundeoccur as genqs,1ocgted,1n,parﬁicul%r»chromosomes is
unimown.. -The idea. of the "-SE groupé 1s'éised on Hammett's
poatulate that "The ~SH group 18 the esseﬁ%ial stimulus to
growth by increase in cell nunber.,” Hammett (1930) stated
that this chemical group- is naturally concektrated in reglons
where growth by cell proliferation 1s tdking\place, and that
the process is inhibited when the -SH gﬂcup 1 ‘removed. The

J
factors underlying differenceslin rate of deve opment among

embryos are obscure end seem,to ‘be compqu. In\Si modon,

however, although degree of exéitability cannotxge readily

)
measured, it can be subjectiVely observed . when “hdling the

1}

animals and 1t seems that degree ‘of excitabilif%

'i Sigmodon

is familiel and that selection for a low degrel of excitability
ldkﬁi obtained
that develop relatively r3p1£1y4~ This type of‘seleotion has

may be posslble. At the same.tims,vanimals wo

not been practliced with Sigmo@on -and variation ﬁn embfyonic
developmentel rates arising from the causes jusp discussed

nmay be expected.

. . P v
PROBLEMS CONCERNING THE DEVELOPMENTAL STAGES AN&)RELATI?NSHIPS

2 ,'

Variation in ovulation time:- Ovulation 1ﬁ gigmodon

occurs independently of copulation, Melotic divis}&ns and
ovulation were observed In ovaries and oviducts of fémales

which were sacrificed as soon as the vaginal smears showed

.r
Sit



early estrus. The females were not placed with males, yet
material representing preovulation and ovulation stages was
‘obtalned.. AlthOughll'hgvgyesfablishédﬂthét ovulation occurs
independently. of‘copulatiéﬁ, iﬁ*cannot'be"étefed that ovulation
occurs at any specifled: time In the estrus cycle. All Btages
of meiosis and ovulation are represented when the female rat
is sacrificed in ear1y~9sipus.: Some of the Qva-have already
dvulated,vothers’are?floéﬁihg free in thé“ov;¥ian follicle
with the first’polar:bOdy'in,evidence and bthé?s are 1nlths
prophase stage ofimeiosisf(fighre 4, Plate I; figﬁreajl, 2,
3,.Plate II)., It 1s thus evident that onevmuéthOnsider an
foyulation poeriod" which can extend from late proestrus to
late estrus and represents a variation of one to 24 hours.
iy observations Indicate that ths: nucleus. of the ovum
remains in metaphase of the second meiotic division wmtil
fertillzation occurs. The cvuom nucleus is in metaphase of
the second matwration division in the Iloating'ovarign ovum
(figure 2, Plate II) and the ovum nucleus is still in meta-
phase in ine newly ovulated ovum (figure 3, Plaﬁa II), Both
of these ova figured on Plate ITI came from femgles which
had not been placed with‘males. Unfortunately Ixhave no
one~cell stages which pOsitively show fertilizatfpn taking
place and the subsequent changes which take plaéé}ih the

nucleus,

Change in texture of the zona pellucida:- I described

the zona pellucida as being structurally weak and flexible in
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thanvaryjbut‘structuraliyrheavy and tough after ovulatilon.
This change in the zona pellucida 1s mot related to fertili-
zation,begause;newly_cvuiéfeéfeggsmwh;ch ére not,fertiliZed
:shomﬁhi»a. ohange. (figure 3, Plate IT), This change p_rob,ébly
iﬁ;iéiaﬁga.to,protectioﬁ*bf the early embrjo from mechenical
mjury in ?‘che oviduct.. Huber (1915) suggests this as &
Jpossibility in Rattue It As remarkable that the shape of
the early embryo is almost consuant end well. Precvrved until
early-attachmapt,atagegwpﬁﬂthﬂyoung b1astocysp., I have
Observedﬁthgt tha:zdnaﬁpéllucida does not thicken.and‘cénsé—
quntlytaAspace between -the zona_peiluéida_and the vitelllne
meMbranQIW6uld be due to shrlnk;ge of the vitellus as yolk
and oytoplasm are used in metabolism, ,Squigr.(igSz) in
Sﬁﬁﬁies-of the guinea pig and Venable (1946) in observations
of the hamster have described,a similar shrinkﬁge of the
vitellus,

V?nYﬂLiOﬂ in ecell size 1n the eight-cell embryn'- I

&eséribed a variation 1n silze of the blastomeres of the
embryo-of :iqmodonuatathe;eight—cell,stage. Ons of the'

;91 Smeres approximated 23 micra in dlameter, while the
remaining,blastomereS‘werq approximately 151micrg,1n diampter.
%higtsgemsvto 1ndicatejthat.already,oells are differentiated
into two gene;ali;qugrqus: The large cell is éIeav1ng
slower and will give risé to the inner c911 mass and the
embryo, whereas the smaller cells are oleavigg more rapidly
and wili give rise to the trophoblast.. Heuser and Streeter.
(1929) published similar observations concerning the oarly
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development of the pig.
.ThéincatiOn;gg-the.impiéﬁtation-biterand implantationi=

The regidn in the uterus at Whiéh,implantation takes place,
in Si mOdbn;~appafehtly varies from the hamster, in particu-
lar., Tmplantatlon does océur on the antimesometrial side of
the uterine lumén in S1i pdon, but not in ¢lose proximity to
”impiantation cups" deséribed by Graves (1945) for Cricetus
or not necessarily in éﬁﬁimQSOmetrial grooves as described
by Ward (1948) in Cricetus. In Sigmodon implantation may
take place iIn uterine grooves or along a flat, straight
uterine wall: At the point; where ever it may be, of first
attachment the nuclel of uterine epithelial cells are dise-
located in varying positions: The resulting condition wes
described by Krehbilel (lQS?j in the rat as "pscudostratified".
In Sigmodon this "pseudostratified“ appeerance is initilally
evident only in the vioinity‘where the enlarged trophoblast
cells contact the uterine epithelium (figures 1 and 2, Plate
IV). Ward (1948) observed a similar situation in Cricetus.
Embryos of Sigmodon, like all rodent embryos so far as
known'(ﬁbssman, 1937) make their first attachment at the
abewbryonic pole of the embryo. Like Mus, Cricetus, and

Rattus, Sigmodon is characterized by a partly interstitial

implantation. Implantation in Sciurus is superficial and
eccentric. Dipodomys and Geomys are characterized by a
partly intgrstitial implantation (Nielson, 1940; Mossman
and Hishaw, 1940). Cavia implants completely interstitially
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(Mossman, 1957). I am of the opinion (as is also Hossman,
1937) that in Rodentla there is a trend of evolution from
the eccentric and superficial type of implantation to the
sompletely interstitial type of implantation.

Ihverslon of the Anner cell mass snd the yolk sac:= The

I

“phenomenon of 1nveraion characterizes emoryonic development
:of'Sigggdon. Inve;sion 1s accomplished in Sigmodon as ‘the
inner cell mass! grpws down 1nto ‘the blastocoel (figure 3,
“Plate IV) and carr&es the proximal endoderm ‘and embryonic
;ectoderm deep 1nto)the segmantation cavity until proximal
endoderm.almost fﬁsed with distal endoderm (figure 4, Plate

(1941) 1n a disgram comparing the thirteen-lined squirrel

V). The phenémezpé of inversion is 1llustrated by Snell
(Citellus) and the mouse (Mus).

Inversion of%the yolk sac also oceurs., The original
‘trophoblast, lined withxénaoderm is an ephemeral yolk sac,
whereas the splanchnopleufe<forming the periphery of the
exocoslom is the true yolk sac (figures 3 and 4, Plate VI;
‘figurs'i, Plate VII). The terms give the impression that
these two yolk sac tissues are different. 'Study of the
ontogeny of the yolk saqjin the Murldee (which show inversion)
and Sciuridae (which show little inversion) reveals, however;
that the endoderm of the ephemeral yo;k sac and the true
yolk ‘sac.are the same, but inversion places them in different

topographic relationships. Furthermore, mesoderm penetrates

part way between the distal endoderm and troplHectoderm in the
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Sciuridae, but does not in Siggpdon¢ Finally, as the name
‘1mplies, the ephemeral yolk sac is transitory, but my
observationa did not elucidate the fate of the ephemeral yolk
sac since the study was not continued for a sufficient interval
of theﬁdevelopmental perlod.

In addition to the terms ephemeral and true yolk sac,
"pileminar yolk sac" nd "splanchnopleure yolk sac' are used.
‘Mossman (1937) used thejterm bileminar yolk sac rather than
ephemerél”yolk sac and thﬂ“terﬁ splanchnopleure yolk sac
father than true yolk sac.

In Sigmodon, &s waé,mentioned ebove, the fate of the
bilaminar or ephemeral yolk sac has not been determined, but
the'trophectoderm.has completely participated in glant cell
formation by sixldays and the distal endoderm 1s discernidble
until 9% days. A bilaminar yolk gsac has been observed in
Citellus (Mpasman and Welsfeldt, 1939) and consists of
ectoderm and endoderm in early embryonice stages., It persists
the full term. In Dipodomys end Geomys (Mossman, 1937) there
is a bilaminar yolk sac, but it persists only until mid-term.
The bilamlnar yolk sac disappears at about the tims of the

appearance of the neural groove in Mus, Rattus and Cricetus
persisting only on the placental surface (Mossman, 1937).
The aplaﬁchnopleuric yoik sac in Sciurus is vascular,
incompietely inverted, small and nonvillous (Mossman, 1937).
'Inapigodoggs (Nielson, 1940), Geomys (Mossman and Hishaw, 1940),
Mus; Rattus, Cricetus and Cavis (Mossman, 1937) the splanchno-
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pleuric yolk sac 1s vascular, complefiely Inverted and 1s
permanent. It is large, attached to the fetal surface of
the placenta and 1s villoﬁs bn the s urface near the placenta,
The dévé10pment of Sigmodqn was not continued for a sufficient
interval of the déyélopméﬁtg;;period to determipe the entire
fate of the true yolk sac, but the yolk sac is vascular,
completely 1nverted.and£iargé; It is attached to the fetal
surface of the placenta.
Beginnihg with the;§rimi§1ve rodents and climaxing
with the specialized rpdents"there i1s an evolutionary trend
toward an earlier, more complete inversion. Mossman (1937)
concurs with this ppinidn; In the suborder Sciuromorpha
this evolutionary Erendgis apparent in a progression from
the primitive slightly inverted situation to the completely
inverted situation (see sbove). A completely inverted
situation is observed in the Hystricomorpha and‘thé,Myomorpha.
The significance of the phenomenon of inversion 1s
unknown, Snell (1941) states that a "consequence of inversion
of the germ layers is the production of a very compact form
of early development." It can be inferred that the need in
small rodents for speciﬁl utilization of all available space
mey be correlated with the occurrence of this characteristic.
I have observed that inversion occurs predominantly in relatively
small rodents, which have large litters and which have
relatively short gestation perlods. The small size of the
animal and the large size of the litter 1limit the space

available for embryonic development and the shortness of the
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ggﬁtationgperibd gllows'for:a relatively temporary expedient
subh es inversion.

Another 1nteresting dbservation is that the phenomenon
of inversion occurs in the Lagomorpha. Taxonomists, Includ-
ing paleontologists, have shown that the rabblts are distinct
,from the Rodentia, ‘80 and accord each group ordinal rank.
These- distinctive characteristics so separate the rabbits
from the rodents that it 18 possible that the phenomsnon
of 1nversion‘app9aring in Lagpmorpha is an indication of
parallel or convergent évplution.- However, 1t 1s generally
considered that the morﬁﬁsgenesis of fetal membranes is
conservative and that morphogenesie of the fetal membrenes
results in slight aifferenoes within orders and between
families. Since inversion of the germ layers modifles
morphogenesis of the amnion,;bhorion and yolk sac, it may
be suggested?that 1nveréion in;Lagomorpha and Rodentia indi-
caéeS‘a true genetle relationship between the two orders;

rather than parallel or convergent evolution.

The function of the allantoist~ In Sigmodon the
ellantois is a porouézstalkfof ﬁesoderm réaching from the
posterlor end of the embryo to the chorion, and the stalk has
no cavity. Eventually the umbilical vessels course through
this stallk, the beginning of which is seen at 9% days., It
must be emphasized that the allantols has no excretory
function in Sigmodon, but functions entirely in association
‘with the formation and the funetion of the umbilical and
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plecental circulation, Mossman (1937) indicates that the
primary function of the allantois in the Rodentia is vascular.
Snell (1941) shows that tﬁis vascular function of the allan-
tols is also true for Mus.
In Sciurus there is a small permanent sllantolc vesicle

(Mossman, 1937), but 1n,rodénts such as Dipodomys, Geomys,

Mus, Rattus, Cricetus aﬁdvcavia there 1s no allantoic vesicle.

The allentois 1n these énimals is 4 sponfy cord carrying the

umbilical blood vessels..

The appearance of, and the changes in, the decidua:~

The decldus capsularis was shown to reach 1ts maximum extent
at six days in embryos of Sigmodon. After this age the
decidua capsularis regresses. Observations of various
investigators indicate that three factors are responsible

for the regression, Ward (1948) suggested that the attack

of glant cells along the lateral end antimesometrial margins
of the decldua capsularis 1s responslible for regression of

the decidua capsularis. This phenomenon reaches its height

of activity at six days in Sigmodon. Another factor, which
Mosaman (1937) describes is that flow of blood through the
decidua capsularis is cut off and in Sigmodon the flow of
blood 1s largely cubt off by seven days. A third factor
suggosted by Mossman (1937) 1s the marked growth of the embryonic
cyst which seems to exert considerable pressure on the decidua
capsularis and which stretches the membrane. In Sizmodon

Poci b Libbablnindotd

there 1s marked growth of the embryonic cyst from five to
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seven days. ;Eaahvpfjthbsg factors seem to have a part
in the regressionnoﬁ_ths;dggidua-capsularis in Siggpdonx*
‘Mbgsmgp (193?}{5ug$g§t§ bh9t one of'theaqulutionary
trends in ths'Rodéntia 15?50ward=a‘more complete and more
persistent decidua capsularis. In a sense this”is true:
In Selurus the capsularis is 1ncomplete (Mogsman, 1937);
Dipodomys has a complete eansularis early in. development
but the capsularis disappears about mid-term (Hielson,
1940) 1n Geogg there: 15 a complete capsularis early in.
develoyment,;but_theAoapsularis is sbsent by mid-term
(Mossman and Hishaw, 1940); Mus and Cricetus have a complete
capsularis, but 1t disaﬁpéérs by 1limb bud stages (Mossmen,
1937); there 1s a complete capsularis 1n'g§z;§*which_dis-
appears In early fetal stages (Mossman, 1937); Sigmodon
has a'complete.capsularia,‘but it is regrgssing by 9% days.
However, in Rodentila (éiceptibg the primitive rodents such.
as Sciurus) I can see no iddication that the capsularis is
more pérsistent in the specialized rodents than it 1s in the
more_ér;mitive rodents. In one of the most specialized rodents
(ggzgg);"the.capauléris“diséppears in early fetgllstagesﬁ
Thiﬁﬁtype of development of the eapsulgris,in,ggggg‘appears
to me not to be an advance and may be a regression,

The mechanics of torsion:- I have no materiml through

the 7% day to Bé»day"intérval of development to indicate how
torsion occurs. However,LSnéll (1941) -and Graves (1945)

tndicate that the twisting of the body is rapid and occurs in
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two or three hours, Long end Burlingems (1938) and Graves
(1945) further explain the mechanics of the twisting by
SQyingtthét;the early sttachment of the =mllantolc stalk %o
the placenta and the colling of the tail to the right of the
head,around the prokimalagnd of the allantolc stalk govern
the rotation of the embgy§}

'Piécenﬁsl relationgﬁipéﬁ; The character of the

efythrdéytes.(hemoblastéj;;hucleated"or aon-nucleated, permits
‘one to distinguish bééwégnvfétai and placental vessels in
Sigmodon. Graves (1945) made similar observeiions in the
hamster. Further,,maternai‘blood cells are smallsr thaen the
fotal blood cells in Sigmodon, as well as other rodents.
Mossmen end Weisfeldt (1939, figure 41, Plate 8) illus-
trate placental relationships in the squirrels which are
simlilar to the cotton rat at 9% days,.except that 81gmodon
hasg smaller tropbobiastic vessels and has not reached the
degres of differentiation that is shown for the 20 mm.
squirrel fetus. All of the fetal blood cells in Sigmodon
are nucleated by 9% days, whereas some of the squirrel fetal
blood ecells are non-nucleated; Sigmodon has some trophoblastic
vessels that are lined with a thin wall approaching one-cell
in thiclkmess indicating that the true placental situation is
hemo~endothelial, when differentiation 1s complete, wheress
in Citellus the trophoblastic walls never approach this
thinness and the placental situation is hemo-chorial.

The hemo-chorial placenta in Ciltellus represents a primitive
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situation in the Sciurombrﬁha. The evolutionary trend is
toward m hemo-endothelial.placenta in Sciluromorpha and the
hemoeendothelial.p;acentg3§hagacterlzes-Eyomorpha and Hystrico-
morphe.ty

In Siggpdon the placenta 1s Tormed by a fusion of the
wdecidua basalis wlth the~ectonlacenta1 ‘cone, the fusion of

the chorion to the ectopi:cental cons and the fusion of the

allantoic stalk to the chorian. Although the allantoils 1s
never ‘a vesicle In oig@bdon-the ellantols does vacularize

the chorion and the placenta my ri;h 1y bs considered chorioe
allantoic,

Amniogenesist~ In Sigmodon the chorio-ammlotic cavity

forms in the Inner cell mass by the process ofJbavitatIOn.
Modified ammilotic folds“then:subdivide this eevity into
chorionic, amniotic cavities and exocoelom. The same process
1s observed in Mus (Snell, 1941), Cricetus (Graves,‘1945i snd
Rattus (Long and BPurlingame, 1938). A primitive form of -
axmiogenesis takes placé in Sciuridase and occurs by simple
folding as in reptiles and birds (Mossman and Welsfeldt,
1939). In Dipodomys amniogenesis takes place by a modified
type of folding and a small closed chorionic cavity 1s folded
off at the same time (Nielson, 1940). In Geomys there are
small ammiotic folds with secondary chorionic folds which
never close and leave an open chorlonic rudlment (Mos sman

and Hishaw, 1940). Amniogenesis in Cavis occurs in two

regions; cavitation ocours in the embryonic region of the
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inner cell-mass, aend cavitation occwrs in the extraembryonic
reglon of the inner cell-mass (Mossman, 1937).

The ‘evolutionary tyehdfdffamniogenesiS'is remarkably
distinct. The primitive form of amiogenesls, is Observéd
11n~ﬁhe:5g;uroidga, wheréaSviﬁ'the Geomyoldea there is an
intsrmEdiate.form of ‘amniogenesis; feomys displays a more
)primiti{é«fbrm of=amniog§ﬁesis'than Dipodomys. The next
advancéfis'foﬁndtin the&#ﬁféi@ea and the moatfsgegializeﬂ

_form;bffamniogenesis_1shobserved'in»theTHyStricomorpha.

Shape of the ectoplecental cone:- From he primitive
-rodgnﬁslto the most speéiélized ihere is an evolutiomary
trend from a "glant cell ring" or "Tréeger" to a "cone-
shaped" ectoplacental cone. Mossman (1957) published similar
observations for Rodentia, Greves (1945) observed that
Cricetus 1is oharactgrisz'by a "mushroom-shaped" ectoplacental
cone. The ericetid "mushroqmrshaped" ectoplacental cone
appears to be Intermediste between-a "glant cell ring" and
the "cone-shaped" ectoﬁladenkal cone. Graves!'(1945)
opinion was that the Cricetus is a comparatively close
relative of the geomyld rodents. Sigmodon possesses =
"cone-shaped" ectoplacental cone, which characteristic it
shares with Microtus (Sansom, 1922, spscifically stated that
the ectoplscental cone in lMicrotus is "cone-shaped")., Further-

more Sipgmodon sharss thils characteristic with Mus, Rattus and

Cavia.
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COMPARATIVE DEVELOPHENTAL RATES ANONG RODENTS

The trend of_deveiapmeﬁf,in all the rodents has general
similaritles (figure 1 Huber, 1915; Snell, 19415 Long and
Burlingame, 1938 Graves, 1945~ Waerd, 1948; Vénable, 1946a~

Harmen and Prichett, 19325 :landau, 1949a; Squier, 1932,

HcClaren and Bryce, 1926) Among the rodents compared there
‘are variations in developmental rates. It is particularly

,significant that deveIOpmental rates in Cavia, Mus, Rattus,

Cricetus, and Sigmodon almost co*ncide at 84 hours of
development, the ‘early blastooyst atage (figure 1). The
cleavipg egs, prior to ;mplantation; seems tq ‘have mpproxi-
mately equal deve1opﬁ@ﬁ£éiapotsntialities in all the
rééents compared.

| In spite of the general ‘similarities in developmental
rates, there sre some real differences. Through 38 hours
of developrent Sicmodon has the most rapld rate of develop-
ment of the rodents compgreég(figure 1), In the 38 to &4
hour interval Mus has tﬁb“mosf rapld rate of development.
ﬁy794ghburs §iggpd6ﬁ'reé§sumes the most rapid rate of
development and this*rateﬁiﬁinot agein exceeded by any
other snimal compared until 170 hours when Cricetus and Mus
exceed Siggodon in rate.of:deve10pmen§.- The déveiopméntai
rafes after 1mplantation;in all rodents compared begin to
divefge"widelylﬁnd correlate closely with the gestation
period for each animal (figure 1).

The developmental rate of Sigmodon upon first inspection



15 éuﬁprising,vbecausa‘ﬁhi&i%@dent has a-gestation period
.a8 1ong ag 27 to 28 days. Yet, this dovelopmentel rate 1s
,not surprisin& when one is cognizant of the state of develop~

‘mont o? the _young at Darturition ‘and shortly thereafter.

.At parturiblon, Siggodon hasla furry coat' 1f alarmsd the

“youngfwill run ovnw,the bottom of the cage a few. qourv

safter nartur*tion~ the pen in approximately two days

vgfteffﬁﬁejyoung'are.born' oung feed on - adult rations

at eiwht days and they can,beiweaned by 15 days. -
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Figurel. Groph Showing Comparative Developmental Rates Among Some Rodents

Twelve somite .

I | R
| : ! ) /
l |
Seven somite Y o e . o
i
|
Four somite, )
II
!
/
/
/
/
Allantoic bud *m_;_,_._l-._ I'
’
I /
i 7 /
, | l l / /
Amniotic l : ! | _ i /
fold § P /o !
i ? / // ,/
! I /' / o’
. t ! : S et
{ /]
| 7 e
inner cell moss 3 ; /'/ '.;,.«-
differentiafior N //_/ /,
50
! / - //
H 4 . /
l 4 .n' //
Superficial ! / R
ottochment ; . S
¢ ' 1 : i / _0" //
l } . . ///
! S
Eorly ‘ ; o7
g
blastocys! . I (S S ¢ ‘
/ | l
g/ 3 ! | ;
U I | .
Y F Lo
/7 a1 | P
. X Hi 1 \ :
Eight cell e // R o
| / /’ !
] / ,’l ! ! | |
Four cell '/' '/ T
| / /,’ Sigmodon— T
H / / . —
// / Cricetus
] ,/ Rottug--—---
Two cell L F/ /’ - [T Y T
' i
! § //
Iy
Y
!/
|
One cell. — .5/ -
7
/ i
Vi L !
o0 32 64 96 128 160 192" 224

HOURS OF DEVELOPMENT



a5

PHYLETIC RELATIONSHIPS AMONG SOME RODENTS WITH SPECTAL
CONSIDERATION OF SIGMODON
In order to use embryological date to show the relation-
ships of Sigmodoﬂftb éther-rqdent5,"$impson's'(1945) classi-
fication of»fﬁe rodents is used because it seems to be the
best system'inﬂthe 1ighﬁ'of‘préSQnt‘knowledge. ‘In his
classification, Sigmodonlioﬁid stand in relation to soms
other rodents as shown béiow.
Order Rodentia
Suborder Sciuromorpha
Superfamily Sciuroidea
Superfemily Geomyoidea
Femily Geomyldae
Family Heteromyldae
Suborder'Myom§rpha
Superfamii&.mﬁ}oidea
Family Cricetidae
Subfamily‘Cricetinag
Tribe Hesperomyini Sigmodon
Tribe Cricetini Cricetus
Subfamily Microtinae Microtus
Family mgﬁidae Mus, Rattus

Suborder Hystricomorpha
Superfamily Cavioidea
Family Caviidae Cavia
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The significance of»émbryologicai data obteined from
G stﬁdy of' 81 odon, will-be”;nalyzed in the light of trends
of evolution indicated by the eubryology of rodents. ‘These
trends ere reviewed below.

(i) In the Rodentia there 1s evolution from the giant-
cell: ring characteristic of primitiva ‘rodents to the "cone-
shabed" ectoplacental cone characteristic of specialized
rodents. The . giant-cell ring is a constricted region where
the billaminar yolk sac Jgins the chorion and is observed in
primitive Sciuroidea, In this evolutionary trend the glant-
cell ring is modified 1n£bjg~syncybial ectoplacental cons,
and evolutionary gradations of flat, “mushroom~shaped" or
"cone~-shaped™" ectoplacental cones are observed, Flat
ectoplacental cones are found in the Geomyoidea. "Mushroom=
shaped" and "cone-shaped" ectoplacental cones are found in
the Muroidea. "Gonewshaped" ectoplacental cones are observed
in the Cavioides.

(2) CGradations of inversion of the germ layers from a
slightly inverted condition to that of complete inversion are
observed, This trend 1s especially clear in the'Sciuromorpha;
where the splanchnopleuric-yclk sac in the Scilurcidea 1is
8lightly inverted, while iIn the Geomyoides the splanchnopleurle
yolk sac 1s completely inverted and the definitive ammiogenic
region of the inner cell-mass 1s also inverted, Complete in-
version of the inner cell-mass characterizes the Muroidea and

the Cavioidea, Completg Inversion results in inverted amnio-
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genic and choriogenlc regions as well as an Inverted
splanchnopleuric yolk sac.

(3) In the primitive Sciuroidea a snall permanent
allantpic Vesicle;occurgfgwhich functions only to vascularize
the chorion in'contrastzto:the-largé~endodermally~1ined,
vesicular ellantois in raptiles, which is used as & reservoir
for waste materials as ﬁéiinas to vascularize the chorion,

4 nonvesicular allantoig_é¢rd characterizes the Geomyoiééa,
Mﬁfoidé%,and»cavioidea..,Asfip the Sciuroidea, this allan-

toic cord serves only to vaSéﬁlarize the chorion, providing
for exchange between the .fetus and the mother.

(4) The placenfa seems to have evolved from a hemo-
chorial type to a hsmo~endothelial type. In the hemo~chorial
placenta of the Sciuroidea the endothelium of maternal blood
vessels 1s destroyed and the fetal placental villi sre situated
4n maternsl blood labyrinths. In the hemo-endothelial pla-
centa of the Geomyoidea, Muroidea, and Cavioidea the syncytial
and corneotive tissues of thé,chorion have disappeared and
fetal villi are separated from maternal blood only by-the
endotheliwm of chorionic blood vessels,

(5) Amniogenesis shows a remarksble evolutionary trend
in the Rodentia. In the Sciluroidea there is a folding of
the extreembryonic somatopleurs in the formetion of the chorion
and ammion, as in reptilisn embryos. In the Geomyoldea two
stages of evolution of amniqgenesis result from gradations

of inversions: (a) Inversion of germ layers in the Geomyidae
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-invoi%es only;the=amniogeh;c reglon of the inner cell-mass
and,ths,Bplanchnopieuriq:y;1k ggc; although snell armiotic
folds fﬁse,,an.openxchopiggic v?sicle rersinsg (b) Inversion
of the germ layers in th; H@ter3myidae involves not only the
splanchnopleuric yolk'sgcpa;d th@aamniogenic region of the
inner cell-mass, butialgp,mogt éf the choriogenic region

of the inner cell-mass. A n;sult is the closing of the
chorionile vesicle. The next trend in evolution of amnio-
gonesis is a combination of modifled folding end cavitation
in the Muroldes where caevitation produces a chorio-amiotic
cavity. Modifidd amnlotic folds [{use to form the chorion
and amnion which divide the chorio-amniotic cavity into
chorionic and amniotic cavitles and exocoelom. The final
trend is cavitation alone in the Cavioldea where the chorionic
and smniotic cavities are formed as distinct, separate
cavitises.

(6) The primitive type of implantation found in the
Rodentia is eccentric and superficlal, as in the Sciuroidea,
In the Scluridae the blastocyst atbtaches to the ventral side
of uterine lumen in a u@erine groove end then is closed off
from the rest of the uterine lumen. In the Geomyoldea and
Huroldea, implantation 1s eccentrlic at first and finelly partly
interstitial, an intermediate situation. In these groups o

animals the blastocyst usually comes to be situated in a
ventrel uterine groove, the blastocyst becomes closed off.

from the remalinder of the uterine cavity and erodes into the
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endorietrial tissue of this region. Interstitial implantation
indicateS'specialigation and is characteristic of the Cavioildea.
In the Cavioidea the blastocyst erodes into a sub-epithelial
location in the decidua without first being closed off in a
uterine groove.

(7Y . The bilaminar yolk sac, which is tho endodermally-
'linedﬁtrOPhoblagﬁ of ygﬁpg.blastpcyats, persists until full-
term in the Scluroldea. ,Theuﬁilaminar yolk sac disappears
at epproximately mid-term in the CGeomyoidea; in the MNuroildea
the bilaminar yolk sac disappears in the early fetal stages.
The bilaminar yolk sac does not exist in the Cavioides.

Of the evolutionary trends discussed, these characterize
Sigmodon: (a) Complete inversion of the inner cell-mass
and ‘the yolk sac; (b) A spongy allantolc cord; (c) A
hemo-endotheliasl placenta; (d) An ephemeral yolk sac probably
disappearing in early fetal stages; (e) Ammiogenesis by
cavitation and folding; () Early eccentric implantation
followed by pertly interstitisl implantation and (g) A
"conew-shaped" ectoplacental cone. The expression end probable
significance in the ontogeny of -these characteristics of
Sigmodon are discussed briefly below,

(a) In the early development of Sigmodon the inner celle
mass grows deep into the blastocoel with the result that

proximal endoderm almost fuses with distal endoderm. Furthery

more inversion in Sigmodon embryos places the t1ssues which

give rise to the ammion, chorion, yolk sac and ectoplacental
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cone, in the Innér cell-mass., Complete Inversion is also

observed in the early déﬁélopment of Cricetus, ﬁug, Rattus‘
andiMicrotus‘ Complete-iﬁveésiongoccu:s in Cavias, but in
'this ganus the ammiogenféfregion 1s distinet from the rest
of the inner coll-mass af an earlier relative time than in
the dsvéiapmeﬁt of the ggﬁérg mentioned sbove. Complete
,inveréidn occurring 1n'tﬁ§iéﬁrly ontogeny indicates that
:Siémodoh 1z relatlively speciallzed In this respect, as
compared with Dipodomys and Ceomys where only partial
Inversion occurs infeariy dev310pment. Sigmodon seems to
be highly specialized In comparicon with Citellus and
Scilurus in which Inversion involves only a part of the

splanchnopleuric yolk sac. Complete Inversion in early

.ontogeny ls & feature common to Sigmodon, Crlecetus, MNus,

Rattus, and Microtus which seems to confirm the current
duperfamllisl classification of these genera.
(») The allantolc bqrd is spongy in structure, but

never veslcular in tho development of Sigmodon. This is also

true in the early develqpment of Cricetus‘_ﬁus,’Rattus;,M1orotus,

Cevia, Geomys and Dipodomys. It is only in the development
bf such rodents as Citellus and Sciurus that the allantois
1s vesicular. The structure of the allantois of S1gmodon

i1s of 11ttls wvalue in the classificatilon of this genus, be-
cause a non-veslcular, cord-like allantols occurs in the
early daevelopnent of genera dlstribubted smong the thres sube
orders of Rodentia. In the suborder Sciuromorpha only the

superfamlly Geomyoidea has the spongy allantoic cord in early
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develbpmﬁnt. However, Sigmodon seems to be relatively
specielized in this reSpect as compared with Citellus and
ociurus An’ which the allantois is vesicular.

| (cy By the tenth dey of development the placents of
Si?mdddn,is.approaching 8 hemo-endothelial condition., The
hemo~endothelial placenba of Sigmodon is similar to that of
&us, Gr;eetus, Ratbus, Gaviq, aeomys and Dinodogz Only

such rodents as Citellus an& Sciurus difier from Sigmodon and
they have hﬁmo~chor1a1;p1acentae. The hemo~endothelial
ﬁlacenta is considered té'be an indieationnof‘SQQcialization
since it provides for aimaximnm,facility»of'egchange between
the embryo and mﬂternallfisBUQs with a ralatively small
placenta,

(d) It has previously been stated that this study
does not cover a large enough interval of the development
of Sigmoden to be sure of the fate of the bilaminer yolk sac,
but the bilaminar yolk ségﬂprobably disappears in early fetal

stages., It disanpears in carly fetal 1lifs in Mus, Rattus,

Cricetus, and Microtus. Cavia differs from Sigmodon, however,
1n.ﬁhat'the distal endoderm,never appears and there is no
bilamingrﬁy01k sac. In Citellus end Sciurus the bilaminar
yoik saé 1s retained full-term. The probable disappearance

of the bilaminsr yolk sac in Sigmodon in early fetal stages

and the disappearance of the bilaminar yolk sac in’Mus, Rattus,

'Cricetus and Microtus may ‘indicate a relatively close ralation-

ship of Sigmodon with these genera. This phenomenon seems. to
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be anviqdiaation.of speclalizabion tecause 1t allows the
eﬁbbybs to:have a,more-in,imate<c9ntact‘wﬁth_ggternalvtiSBuea
than would be~possibie if the bilaminer yolk sac reméihed
until cémpleﬁion of_thé;ﬁé%ibd of geatetion.

(e) 'Iﬁ‘thé early onﬁégany;of-Sigmoéoni an ammiotic
cavity &ppears'by cayitation in the ambryonlc ectoderm of
the 1nnef cell-mgss,.aféer which a chorlonic caVity appears
by cavitation 1n the extracmbryonic ectodsrm of the inuer
cellfmass. “The ammiotic snd chorlonlc cavities immedlately
coalesce, and this cavity 1s finally divided into the chorionic
and,amniotic'cavities and'bhe exoccelom by modified amniotic
folde., A similar phenomenon occurs in the early development

of lus, Rattus, Microtus and Cricetus. The early development

of Cavie differs from the sarly development in Sigmodon in
that the chorionic and ammiotic cavities remein separate,

end folding cannot occur. Ammiogenesls in Geomys, Dipodomys,

Sciurus and Citellus differs from this phenomenon in Sizmodon

in that 1t occurs by folding of the extraenbryonic somato-
pleure. Amlogenesis by cavitation and folding seems to

Indicate a relatively close relatlonship among Sigmodon, Mus,

Rattus, Microtus and Crlcetus and seems to confirm the current

superfamilial classification of Sicmodon as well as relatively
oiosely related gonera., Furthermore, amniogenesis dby
cavitation and folding indicates relative specialization of-
the Muroidea as compared with the Geomyoides and the Sciuroides.
nﬁqwever, ammlogenesis By cavitation alone indicates hhgt_ﬁhe

Cavioides are relatively the most specialized of*rodenfs'in'
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this respect.

(f) The process of implantation in Sigmodon 1s at
first eccentric, followed by partly interstitial implentation.
Blastocysts of Sigmodon are found in ventral utefihe_gfobves
or at least in a ventral part of the uterine lumen. Here
the blastocysts are closed off from the uterine lumen as the
decidual reaction produces a swollen impleantation site,
After the blastocysts are closed off from the uterine lumen,
erosion‘of the endomstrium3by thg blastocyst occurs. A

similar phenomenon occurs in Mus, Rebtus, Cricetus, Microtus,

Geomys and Dipodomys. The phenomenon of interstitial

implantation provides for cl?se contact with maternal tissue

by the fetal tissuss. (Cavis, on the basis of this oriterion,

is felatively the most épaciaiized of rodents, for the

embryo erodes into uterine tissue without being closed off

in a uterine groove. In this respect Sigmodon and genera

which have a similar type of implantation are less speclalized,
(g) The nature of the ectoplacental cone 1s of par-

ticular significance with reference to the classification of

Sigmodon. Sigmodon, as weli as Mus, Rattus, and Microtus,

has a "cone-shaped" ectoplacental cone which consists of
syncytial tissue and relatively few glant cells and these
glant cells are small as compared with primary glant cells,
Cricetus, & member of the same subfamily as Si odon; hes a
"mushroom-shaped" ectoplacental cone consisting of cords of
vacuolated cells which gives rise to relatively small giant

cells. Differences in the ectoplacental cone in the sarly
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development of Sigmodon and Cricetus are the only basis for

differentiating between the two genmera. With respect to
the nature of the ectoplacental cone Cricetus seems to be
‘more primitive than~siggpddn;

'GéherélizatiOns1ébﬁéér§ing thé‘hyﬁothetical relation~
éhipéuofﬂsoms”rbdents;'ngAdfbngthe-trendé'of evolution ag
indicated by developmenﬁ}arie stated below and the hypothetical
relationships arefaiagrééﬁeafﬁn figurs 2.

{1) Ontogeny inZREﬁentié displays variations and seeming
evolutionary trends which séfongiy indicate that the higher
categories of the current classification (Simpson, 1945) are
ﬁaturaiigrouﬁingé. :

(2) Because itS*oﬁidgéﬁy s characterized by amio-
gonesis by fo;d;ng~of the extraembryénic somatopleure, a
‘glent=cell ring, eccentric and supsrficial implantation, a
‘hemo-chorial placenta, a bilaminar yolk sac retained until
full~term and an allaﬁtdic vesicle, I judge that the super-
femily Sclurcidea is one of the most primitive groups of
rodents.,

(3). Because of ammlogenesis by degrees of folding,
complete inversion of the splanchnopleure yolk sac and grad-
ations of inversion of the inner cell-mass, a flat ecto-.
placental cone, and & bilaminer yolk sac until mid-term, it
seems that the Geomyoldea occupy an intermediste evolutionary
position and may possib1y have been the source of rodents

now c¢lassified in the suborders Myomorpha and Hystricomorpha.



(4)° Because oficompiéﬁe and extreme inversion of the
amnlogenic reglion of the Anner oell-mass, Interstitial
,implantation, an.absence of & bilaminar yolk sac, end amio-
*genesis.by cavitation alone,~the Cavioldea seem to be the
most specialized groun of rodents.

(5) Because Sigmodon, Cricetus, Microtus, lius and

Rattus are characterized by partly 1nterst1tia1 implantation,
e bilaminar yolk sac»until early fetal stages and amio-
genesis'by'cavitatioﬁ:aﬁa fbia;ng, embryological criteria
confirm the cuifent superfamilial classification of these
genera.,

(6) Sigmodon, Microtus, Mus and Rattus may be more

closely related than ourrent classification indicates, since
they are similar in &ll observed developmental characteristics,
(7) The relative specialization of~Siggpdon as compared
‘wlth Cficetus 1s indicated Ey the appearance of a "econs-
shaped"%ectoplacental cone 1n early ontogeny of the former
and & "mushroom-shaped" ectéﬁiacental cone in early develop-
ment of the latter.
The use of embryological data in phylogenetic studies
of the Rodentia 1s limited because the development of
relatively few rodents has been investigated, the evolution
of the morphology of embryonic characteristics 1is conservative,
and differences between groups of rodents are small, particu-
larlylbn the subfamiliel level or lower, and because 1t is

difficult to detect convergent or parallel evolution.



86

In the Eubbréer1Hystripdﬁbrpha,‘the development of
Cavia elone has been iﬂVestigaéed.-‘Ih tha’éuborder

: yomorpha, the developmsnt of Cricetua, Mus, Rattus, Microtus

A¥d. Sigmodon has been investigated. ‘The ontogeny of Pero-
myscus, Fiber, Neotoma and Reithrodontomx_ has been so slightly

tinvestigated that ths 1nformation from these genera 18 of
%onlyfltmited valus. ,Among*the-Sciuromorpha, the development
Of.SOiurﬂﬁn Giéﬂllﬁés:Géémx§~and'bigo&ngs has been investi-

gated. The ontogeny Qf;éﬁfew other rodents such~éSJCastor,
and Tamiés_has-ﬁeén 1nvééfiéé£ed less thoroughly.. ﬁoat~of
the investigetions condérnedfwith ontogeny in genera of

the Sciuromorpha have been done with uteri collected and-
preserved in the field andthSSe investigations havq’been
concerned mostly with fetal membranes. The use of well=
preserved uterl taken from rodents which have been.traﬁped
in the fleld is adequate for understending the ontogeny and
-moréhology,of-the fetal membranes where age. of eﬁbryosvis
TnOt‘espeéially importan€§x'This eliminateg the tima%consuming
work of learning how to:?aise various native rodents in

the laboratory. Embryoldgi5§s and collectors of mammals
could’wéll:cooperate“mﬁfefffequenﬁly in order to add to a

knowledge of the comparative embryology of rodents.

SUMMARY

1. Ontogeny in Rodentia displays variations and
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'evoluﬁionary trendSEWhidﬁ strongly indicate thet the higher
'caﬁegoriéé”of'the current classification (Simpson, 1945)
are natural groupings.

=32; The. superfamily Scivroidea of the suborder Sciurce
~morpha contains the nmst primitive rodents.

3. The supsrfamily Geomyoidea of the suborder Seluro-
”morpha occupies an. intermediate evolutionaery position and
might,possibly have baenathg;qourcerf the podents whidh
are classifised in theﬁﬁﬁibrdbrs'myomorpha and Hystricomorpha,

4, The Cavibldeaiéfithe‘éuborder Hystricomorpha are
among the most specialized rodents.

5 EMbrvological criteria confirm the current super-

familial classification qf.Sigmodon, Cricetus, Microtus,

Mus and Rattus.

6, Sigmodon, Micrdﬁua}*ﬁus and Rattus may be more
oloaéiyirelated’than current classification indicates.
7. Slgmodon is réiéﬁivély specialized as compared with

,Cficetuse



Figure 2. A Diagram Showing Hwothetical Relationships Among Some Rodents :Based on Embryolagieal Data,
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Primary follicle. X53L.

Primary follicle with spaces appearing among the follicle
cells, X2U0.

Mature secondary follicle, X53.

Prémary oocyst in prophase of the first meiotic division.
X560



Figure 1.

Figure 2,

Figure 3.

Figure L.

Prinary odcyst im metaphase of the first meiotic division.
8, Spindle. X228,

Floating ovum in the mature ovarian follicle. a, Peri-
vitelline space; b, First polar body; c, Metaphase spindle
of the second meiotic division; d, Zona pellucida, XS]S.

Newly ovulated ovum with part of the corona radiata still
adherings a, Corona radiata. X200,

'glsaal ovum after copulation has taken place at 10-15 hours,
O



FigUfﬂ 1.
Figure 20
Figure 3,

Figure L,
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Plate III

Two-gell stage at 2l hours, X150,

Three to four-cell stage at 36 hours, X150,

Eight-cell stage,
Early blastocyste

72 hours. X180,

Three and one half days.

X457



Figure 1.

Figure 2,

Figure 3.

Figure L.

€7

Plate IV

Blastocyst in early implantation at three days 16 hours.
¢, Enlarged trophoblast cells X200,

Blastocyst in early implantation and endoderm formation
at three days 16 héurs, a, Inner cell mass; b, Endoderm. X200.

Penetration of uterine epithelium and inner cell mass
differentiation st four days. a, Extraembryonic ectoderm;
b, Embryonic ectodermal node; c, Endoderm; d, Trophoblast,
X160,

Furthur differentiation of the inner cell mass and
ectoplacental cone formation at four days four hours,:

a, Ectoplacental cone; b, Trophoblast cells; c, Extraembryonic
ectoderm; d, Embryonic ectoderm; e, Endoderm, X200,



Figure 1,

Figum 2,
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Plate V

Longitudinal section through a five-day embryonic cyste
a, Ectoplacental cavity; b, Amnio-chorionic cavity;

¢, Proximal endoderm; d, Embryonic ectoderm; e, Old
blastocoel; f, Reichert's membrane, X315,

Longitudinal section through a four and one half day embryo.
2, Extraembryonic ectoderm; b, Distal endoderm; ¢, Proximal
endoderm; d, Embryonic ectoderm; e, Primary giant cell;

f, Ectoplacental cone. X315,



Figure 1.

Figure 20

Figure 3,

Figure L.
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Median sagittal section of embryonic cyst at six dayse.
a, Ectoplacental cone; b, Proximal endoderm;
¢, Extraembryonic ectoderm; d, Amnio-chorionic cavity;
e, Embryonic ectoderm; f, Blood sinus., X75.

Same as figure 1, but greater magnification,.

a, Reichert's membrane; b, Embryonic ectoderm; c, Old
blastocoel; d, Mesoderm; e, Proximal endoderm; f, Amniotic
fold; g, Amnio-chorionic cavity. X200,

Median sagittal section of embryonic cyst at seven days.

a, Proximal endoderm; b, Amnio-chorionic pore; ¢, Exocoelom;
d, Ectoplacental cone; e, Mesoderm; f, Embryonic ectoderm;

g, Distal endoderm and Reichert's membrane; h, Yolk sac. X5L.

Longitudinal section of embryonic cyst.at seven dgys. XSk,



Figure 1.

Figure 2,

Figure 3.

Figure L.
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Plate VII
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Longitudinal section of the embryonlc cyst at seven days.
a, Chorionic cavity; b, Exocoelom; ¢, Chorion; d, Yolk sac;
e, Allantoic bud; f, Amnion, g, Amniotic cavity. XSh.

Oblique section along the longitudinal axis at seven days.
a, Allantois, XSk,

Placental site of a eight and one half day embryo. a, Uterine
lumen reappearing; b, Decidua capsularis; c, Yolk sac;

d, Allantois; e, Trophoblastic tubules; f, Maternal ginusoids
g, Decidua basalis. X18,

Longitudinal section of a four-somite embrye st seven and one
half days. a, Yolk sac; b, Allantois; c, Amnion; 4, Somite;
éBHead fold; £, Foregut, g, Endothelial tuhes of the heart,
X



Figure 1,

Figure 2.

71
Plate VIII

Early stage of angiogenesis at seven and one half days.
a, Uterine tissue; b, Yolk sac endoderm; c, Yolk sac
mesoderm in which angiogenesis is beginning. X185,

Placental circulation and hemopoesis ataine and one half
days. 8, Allantoic tissue; b, Hemoblasts; ¢, Trophoblastic
vessels; d, Fetal blood vessel lining approaching a
hemo-endothelial condition; e, Maternal sinusoid containing
erythrocytes. X185,



Figure 1.

Figure 2,

Figure 3.

Figure L.

Transverse section of the uterus at the implantation site,

Four days four hours. a, Decidua capsularis; b, Embryo;
¢, Decidua basalis. X21,

Enlarged section of implantation region at four days four
hours, a, Embryo; b, Inner decidual zone; d, Intermediate
decidual zonej e, Outer decidual one; c, Radiating sinuses,
X53. )

Transverse section of the implantation site at seven and me
half days. a, Placentadl region; b, Chorionic cavity; c,
Chorion; d, Amnion; e, Decidua capsularis. X25,

Transverse section of the implantation site at seven days.
a, Decidual basalis; b, Embryo; c, Decidua capsularis. X17.



Figure 1. Transverse section of an eight and one half day embryoe.
a, Open myelencephalon; b, Notochord; c, Pharyhs; d, Otic
placode; e, First pharyngeal pouch and closing membrane;
f, Stomodasum; g, Telencephalon. X77.

Figure 2. Transverse section of an eight and one half day embryo.
a, Yaired dorsal aortae; b, Ventricle with blood cells in it;
c, Bulbus, X77.

Figure 3, Transverse section of an eight and one half day embryo,
a, Atrium; b, Mandibular arch, X77.

Figure L. Transverse section of an eight and one half dsy embryo.
a, Optic vesicle; b, Aortic arch; c, Pharynx leading into
a pharyngeal pouche X77.



Figure 1.

Figure 2,

Figure 3.

Fig‘l.lre ’4.
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Section through the cephalic and caudal regions of an

eight and one half day embryo showing flexure and torsion.
X26,

Transverse section through a four day four hour embryo.
a, Proamniotic cavity. X75.

Transverse section through aneight and one half day embryo.
a, Vitelline veins; b, Anterior intestinal portal. X77.

Transverse section through sieight and one half day embryo.
a, Yolk sac; b, Amnion; c, Mid-gut. X77.
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