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INTRODUCTION

The egg of the domestie fowl has been a classical
subjest for the study of vertebrate embryology during the
past two centuries. The popularity of the hen's egg for
this purpose has been and still is largely due to two faots:
{1) Chiokens are raised almost universally and conseguently
eggs are available throughout the year; (2) This type of egg,
unlike those of the mammals, ocan be ineubated artificially
and the embryo studied at any desired stage of development.

Since the egg of the domestisc hen has been used so
commonly, one would naturally expect that all stages in its
developmental history would have been studied in great detsail.
It is surprising to find, therefore, that very little pub-
lished material has been presented on the early stages'of
embryonic development. This is especially true of such
processes as occur during maturation, fertilization and
early cleavage.

Van Durme (62) in discussing the suitability of diff-
erent birds' eggs for early embryologlcal studies gave three
reasons why she preferred to use the egga of smaller birds
such ag the pigeon and sparrow. In her opinion smaller birds
are more easily handled, require less gpace, and represent
less inveatment than the domestic hen. The fact that many
zoologieal laboratories are not equipped for the housing and
care of such large birda as the d&mestic fowl doubtless has

been a contributing factor in causing many investigators to



choese the eggs of smaller birds for experimental material,
To obtain eggs in the maturation and fertilization stages of
develepment, the birds must be sacrifieed since these'stages
normally oesur either before or soon after ovulation. Sinace
it is impossible to prediet the exact time of either ovula-
tion or fertilization, the chanoces of obtaining an egg at a
desired stage of development are relatively slight. This
means that in a study of this nature many birds must be sacri-
fieced in order {0 secure a complete series of the various
stages of developmeni. This necessarily entails not only a
great amount of time and labor but considerable expense as
well.

Inagnuch as the processes of maturation and fertiliza-
tion in the hen's egg have not been adequately deseribed, it
has been assumed by some authors that maturation and fertil-
ization are essentially the same for all birds., This assump-
tion is probably Justified for general purposes of presenting
an unbroken aceount of the developmental processes. Never-
theless it is important to have a somplete deseription of all
phaseg of development in the hen's egg since it is so commonly
used in deseriptive and experimeﬁtal embryology of vertebrates.
It would also be of interest o learn definitely if the pro-
cesges of maturation and fertilization are the same in two
groups of birds sueh as the domestic fowl and pigeon, which
differ so greatly in their breeding habits, time of ovulation,
rate of production, and size of egg.

The purposes of the author in undertaking the present



study were twofold - (1) To study the processes during
matwration, fertilizafien and early cleavage in the hen's
egg in order to complete the knowledge of the early staées
of develepment of the chick, amd (2) If possible, te develop
a technique whereby infertile hen eggs could be artifioially
impregnated and indused to develop under controlled labora-
tory condicitions oubtside of the hen's body. Suoh a
teehnique obviously would be of much value to students of
embryology sinse early stages of development could be ob-
tained and studied at will,

REVIEW OF LITERATURE

Before entering into a detailed discussion of the work
connected with the present study it may be helpful to review
briefly some of the physiological processes which occur during
the formatien of the hen's egg.

The origin of the-primqrdial germ cells in the case of
the ehiek has been studied by Swift (61), Firket (20), Woodger
(70), Goldsmith (23), and Willier (68). According to Swift
(61) and Woodger (70), the primerdial germ cells arise in the
énterior and lateral portions of the blastoderm outside the
embryo, The germ cells arise during the primitive atreak
stage up until the time the embryo has developed three somites.
The germ cells remain in this position, asecording to Swift (61),
until the mesoderm extends to the anterior and lateral portions
of the blastoderm (about 10 somite stage). The germ cells are

then cearried by the blood to the area of'gonad formation. Here



the germ oells undergo further development beginning,
aasording to Marza and Marsa (35), about the tenth day of
incubation. At thig stage the germ cells are known as pri-
mary oegonia. Esch primary ocogonium multiplies rapidly,
giving rise to eight daughter cells, one of whish, acocording
to Munsen (40), is destined to become the egg. The othey
seven cells, aceording teo Munsen (40), produce the follieular
epithelium whisch surrounds the egg.

Phe eight-fold multiplieation of the original oogonia
takes piace principally at the periphery of the ovary, the
daunghter sells now being known as seocondary oogonia. These
secondary oogonia cease dividing about the twenty-first day
of ineubation. A detailed study of the growth and nuelear
changes of the primary and secondary oogonia of the fowl was
made by d'Hollander (16).

Eoilowing the period of multiplication the secondary
oogonia besome what is termed firgt order ooocytes. 1In the
ovary of the young hatched chiocks these first order oocytes
underge development and continue to do so until time of ovu-
‘lation. This lengthy development of the ooeytes involves
many nuelear and oytoplasmic changes, such as variation in
gize, pogition and staining qualities of the nucleus and
variations in composition, structure, and amount of eyto~

plasmie materials. These changes have been studied in detail
by several investigators ineluding Holl (28), Harper (25},

Loyez (34), Sonnenbrodt (59), Bartelmez {(3), Van Durme (62),
and Brambell (8). During this last stage of growth which 1is



termed the intrafollioular period by Marza and Marza (35),
the young oocyte increases more than 2000 times in diameter,
i. e., from about fifteen to twenty microns to approximately
3.5 eentimeters.

Soon after formation, the young ococytes become sur-
reunded by a layer of flat cells which is known as the folli-
cular epithelium, The folliale wall which acts as a protec~
tive covering of the ovum while it is in the ovary, is
composed n{ three layers. Beginning with the outermost layer,
they are known as (1) the external theca, (2) the internal
theeca, and (3) the follicular epithelium. The follicular
epithelium in larger follicles lies next to the vitelline
membrane snd separates the ovum proper from the rest of the
ovarian tissue. All the material which goes to form the yolk
material of the ovum must pass through this membrene. Accord-
ing to Marza and Marza (35), this membrane exhibits great
selective permeability to material present in the blood.

The various stages of yolk formation have been studied
in birds' eggs by several investigators, inoluding Van Durme
{62) and Marze and Marza (35). According to the latter authors,
yolk formation can be divided into three phases. The first is
characterized by the appearance of fat globules in the ooplasm
of the ooeyte; the second by the appearance of transparent
vaeuoles and the formation of yolk material within these
vaeuoles; the third by the appearance of the yellow yolk.

The ovary of the pullet prior to time of sexual maturity

appears as & mass of immature follisles which, acscording to



Gonrad and Seott (1ll), range from microsecopie size to about
six mm. in diameter. The individual ococsytes or follicles

are now in what is termed the second phase of growth. At

this period of development the oosytes contain no yellow

yolk material such as is found in older ones during the

third and last stage of growth. Shortly before the pullet
begins produetion, certein of these ooeeytes enter into the
third phase of yolk formation. A8 one of these ooeytes ma-
tures and is liberated from the ovary another young ovum
enters the third phase of growth so that in the ovary of a
laying bird several follicles can be found whieh differ
greatly in size. According to Conrad and Scott (11) there

are eight te ten folliecles in the third phase of growth at

any given time. During this third periocd of yolk formation
these few follieles greatly increase in rate of growth whieh
has been estimated by Riddle (55) to be twenty-five times
faster than that of the previous level. The yellow yolk ma-
terial is laid down in the form of alternate rirgs of lighter
yellow=cglored and darker yellow-colored yolk material. Riddle
(54), Gage and Gage (21), Rodgers (57) and others have demon~-
gtrated that the eoncenfrio rings of iighter and darker yellow
yolk material could be differentially eolored by feeding a red
aniline dye, Sudan III, to laying hens. Riddle (54) and (55)
by this method was able to caloulate the amount of yolk depos-
ited in a given time., He found that approximetely two grams
of yolk material were deposited daily in the ova during the
third or last stage of yolk formation. Warren and Conrad (63)



use@ a modifieation of that method in'their study on the
growth of the hen's ovum. These latter authord injeoted the
dye directly inte the blood stream of the hen.

The nueleus, whieh formerly oocupied an approximately
central position in the ovum, moves toward the periphery as
more and more yolk material is deposited in the ovum. As the
nusleus migrates toward the periphery of the ovum it leaves
behind a flask-shaped mass of light-colored yolk material,
the spherical portion ef which is in the center of the ovum.
This flask-shaped strueture is known as the latebra.

As the oocaeyte approaches maturity, i. s., during the
last forty-eight hours of its sojourn in the ovary, there are
marked ohanges whieh ogeur in the large nucleus or germinal
vesicle. The nuslear changes which oseur during this brief
interval of time have not been adequately deseribed for the
hen's egg. These nuslear chenges,whieh will be discussed in
detéil in this paper, are concerned with the maturation pro-
cess, whereby the number of chromosomes in the egg is reduced
from a diploid to a haploid number. During the last forty-
eight hours of the growth of the ovum the nuclear wall of the
germinal vesiocle beginas to disintegrate allowing the fluid
contents of the germinal vesicle to escape into the surround-
ing pretoplasam,

At least one of the two polar bodies is extruded from
the egg prior to the time of ovulation, Harper (25) studied
and described these structures in the egg of the pigeon and
later Vean Durme (62) published a detailed account of the same

struestures in the eggs of the plgeon, swallow, sparrow, and



green fineh. Thus far no deseription has been made of polar
body formation in the hen's egg.

VWhen the ovum eof a. hen reaches & size of approximately
thirty-seven mm. in diameter or eighteen to twent y-two grams
in weight, the walls of the folliele rupture along a preformed,
non-vageular line called the stigma. This process, called
ovalation, allows the ovum to leave the follicle and enter
either the oviduet or the body cavity. Coste (12) was among
the first investigators to observe and report the processes
attending ovulation. It was his opinion that the rupture of
the mature ovarian folliele was brought about by the pressure
exerted by the walls of the infundibulum portion of the ovi- '
duet as it enelesed the follicle just prior to ovulation. In
this manner the egg was thought to be directed into the ovi-
duet. Bartelmez (3) alse reported that in the case of the
pigeon the infundibulum enclosed the mature follicle just
prior to ovulation. Curtis (13),on the other hand, believed
that the rupture of the follicle was chiefly due to the in-
creased internal pressure within the ovum,

Phillips and Warren (51) working on the mechanies of
ovulation in the fowl coneluded that the contraction of musole
fibers which they found present in the folliscular wall was
largely responsible for ovulation. Warren and Scott (65)
using an operative technique on twelve anesthetized hens were
able to direetly observe the processes attending ovulation.
These observations led them to conclude that (1) the infundi-
bulum of the oviduet seldom encloses a folliecle at the time of
ovulation and therefore is not the causative faetor of this



process, and (2) the ovum does not always ent er the oviducet
immediately after ovulation, since in the case of ten of the
twelve birds under observation the ova were seen to fall info
the body cavity. The ova whieh entered the body cavity were
later picked uwp by the infundibulum. It should be pointed
out, however,\that the birds used by Warren and Scott (65)
were under the effect of anesthesia and were lying in an ab-
normal position while the observations were taken. These
observations, therefore, do not necessarily mean that under
normal conditions the same versentage of eggs as they reported
fall into the body csavity before entering the oviduet. The
orientation of the embryo with respéct to the long axis of the
egg is of interest in this eonnection.

¥hen the blunt end of a fertile egg of a bird which
has been incubated for a few days is held to the left and
the upper portion of the shell removed, the embryo usually
will be found lying on its left side with the head turned to
the right and directed away from the observer. This orienta-
tion has been noted in various birds' eggs by Pander (45),
Dalton (15), Haswell {(26), Fere (19), Peebles (50), Blount (5),
Patterson (47), and Bartelmez (3). It is logical to assume
that to attain this orientation the ovum must enter the ovi-
duet in a predetermined manner. Bartelmez (3) reported that
in the case of the pigeon's egg a definite poiarity eould be
found even while the ovum was still in the ovary and Munsen
(40) found the same t0 be true in the case of the tortoise
egg; The latter author observed that the eccentrie position

of the nucleus and the central position of what he terms the
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"oytoocenter™ were the early landmarks of polarity. If ova
entered tha\budy ocavity with the frequency reported by
Warren and Scott (65) and later were picked up at random by
the oviduot, one would expect to find a greater ineidence of
embryas in inverted positions with respeet to the long axis
of the shell. However, in the case of hen eggs, more than
eighty-eight peroent of the forty-eight-hour embryos are
found in a position on the yolk which is considered as normsal
with respect to the long axis of the shell.

The time of ovulation with respect to the time of lay~
ing has been studied by several investigators, ineluding
Warren end Scott (66) and (67) and MoNally and Byerly (37).
The former investigators fbund that ovulation takes plaee‘on
the average 30 minutes after time of laying except in cases
where the egg is laid in the late afternoon., These investi-
gators found that there was a range of fourteen to seventy-
five minutes in the time of ovulation following laying in the
group of birds under observation., MoNally and Byerly (37)
found that in the case of thirty-two hens killed one-halflhour
after laying twenty, or 62.4 percent of the birds, had already
ovulated.

The histological strueture of the oviduot of birds, in-
eluding the oviduet of the domestie hen, was studied by
Giacomini (22) and Cushing (14). Detailed and exhaustive
studies of the same structure in the domestic hen were later
made by Pearl and Curtis (49), Surface (60),and Richardson
(53). Pearl and Curtis (49) recognized five different regions
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of the oviduct, namely (1) the infundibulum, (2} the albumen-
seereting portion, (3) the isthmus, (4) the uterus, and (5)
the vagina.

The time that an egg remains in the different regions
of the oviduet has been studied by a number of workers includ-
ing Patterson (47), Pearl (48), Pearl and Curtis (49),
Asmundsen (1), and Warren and Scott (65). Patterson (47)
reported that the ovum spent three hours in the glandular
portion, two to three hours in the isthmus, and sixteen to
seventeen hours in the uterus. Pearl (48) and Pearl and Curtis
(49) estimated that an egg remains in the albumen portion for
three hours, less than one hour in the isthmus, and twelve to
gixteen hours in the uterus. Warren and Soott (65) and (67)
found that en an average an egg required eighteen minuteé to
pass through the infundibulum, two and nine-tenths hours to
traverse the albumen-secreting portion, and one and two-tenths
hours to pass through the isthmus.

The egg is fertilized while in the infundibulum, the
spermatozoa penetrating the relatively thin vitelline membrane
soon after ovulation. A desoription of the different stages
of fertilization in the pigeon egg was given by Harper (25),
Blount (5), and Ven Durme (63). The last author also has
stadied‘the same procesg in the egge of the swallow, sparrow,
and green fineh, No comparable study has been made of fertili-
zation in the hen's egg.

As the egg passes through the albumen portion forty to
fifty percent by weight of its total albumen is acquired,
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ageording %o Pearl and Curtis (49). During this time, the
non-cellular vitelline membrane alse inecreases in thiekness
due to a deposit of thiek albumen on the surface of this
strusture, Lecaillon (31) and MeNally (38). This inorease

in thickness may be as mﬁch as one hundred percent, according
to MeNally (238).

In the igthmus the egg receives its two shell membranes,
whish, aecording to Jull (29) are somposed of matted organic
fibers of protein. The formation of the first two cleavage
furrews in the hen's egg also oeours while the egg is in this
portion of the ovidust., Coste (12), V. Kolliker (30), Duval
(17)(18), and Patterson (47) have studied the formation of the
first eleavage furrew in the hen's egg, especially as to its
direetion with reapeet 0 the long axis of the future eﬁbryo.
Cleavage in the pigeon egg was studied by Harper (25), Blount
(5), and Van Durme (62). The last author also used the eggs
of the swallow, gparrow and green fineh in her studies.

While in the uterus the volume of white in the egg in-
ereases by nearly one hundred percent, Pearl and Curtis (49),
The uterine fluid whieh is added enters the egg by osmosis and,
aceording to Beadle, Conrad and Seott (4), is essentially a
solution of inorganic salta. The egg slowly rotates in the
uberus, aceording to Hansen (24) and Conrad and Phillips (10),
which results in the twisting of strands of muein fibers at
the two ends of the yolk. These two twisted strands of fibers
are known as the chalazae. It is also in this portion of the

oviduet that the egg receives its caleareous shell and the
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8o-called bleom which is deposited on the outer surface of
the shell. During the so journ of the egg in the uterus the
developing blastodise passes'through all the cleavage stages
from the eight-cell stage to that found at the time of
gastralation.

The egg as ik pasges through the oviduct is formed
usually with the small end caudal but may in some instances
be formed with the blunt end directed toward the cloaca, as
was shown by Olsen and Byerly (43). The same aubthors in a
later publication (44) presenhéd data showing that the embryos
in naturelly laid eggé are inverted on the yolk in 1l.8 percent
of the cases with respeat to the orientation considered as
normal. These data indicated that most of the eggs containing
sueh inverted embryos were formed in the oviduet with the large

end of the shell directed toward the oloaeca.
MATERIALS AND METHODS

Origin of eggs used. Most of the fertile eggs used in

the study of maturation and fertilization were collected from
the ovaries and oviduct of a group of naturally fertilized
White Leghorn and Rhode Island Red hens which were being
slaughtered for other purposes., The material was fixed in
Bouin's as it was collected. A record was kept of the date
| and time ot eolleetiens, the position of the egg in the ovi-
duet and the previous laying schedule of the bird,

The uterine eggs used for obtaining the series of normal

cleavage stages shown in Plates & and 16 were secured from a
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mass-mated flook of White Leghorn and Rhode Island Red hens.
Some of these eggs were obtained by palpation, using the
technigue deseribed by Olsen and Byerly (43). The majority
of these eggzs, however, were obtained by injeeting three rat
units of posterior pituitary extract into the leg musele of
eash bird. By this procedure, descoribed by Riddle (50) and
by Burrews and Byerly (9), it was possible to obtain premature
eggs five hours after the estimated time of ovulation. After
obtaining these premature uterine eggs, the procedure followed
was to mark the anterier end of the blastodise by inserting a
soarse hair into the yolk near the future head region. The
shell membranes and albumen were next removed and the yolk
placed in Bouin's fixing fluid.

The infertile uterine eggs used for developing the
technigue of artifieial impregnation as well as those used
to study fragmentation were secured from birds whiech were
kept in individual cages of laying batteries. These birds
had not been with males for more than three months prior to
the time their eggs were obtained for this study. As an added
precaution, egga laid by these birds were tested for fertility
prior to the time the birde were used. The fertility tess,
which consisted of incubating the egge for forty-eight hours
and then examining the germinal discs for signs of development,
showed that all eggs laid by the group of birds were infertile.
These partioular birds were observed each hour in order to know
the approximate time when the previous egg was laid. TFrom
these data it was possible to estimate the time of ovulation
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of the next ovum. In this regard it will be recalled that
boeth Warren and Seott (66) amnd MoNally and Byerly (37) re-
ported that ovulation 6ecﬁrs in the major ity of birds'within
one-half hour after laying. Therefore, by knowing the time
of ovulation and the time when the premature soft-shelled

egg wag obtained from the uterus, it was possible to estimate
the age of any given egg. These premature infertile eggs
were obtained between the howrs of 8 and 4 p. m. on the after-
neon preceding the day when they normally would have been laid.
In other words, the infertile eggs used in this phase of the
study were approximately five %o seven hours old.

Artificial impregnation. Several procedures were tried

in developing a satisfactory method of artifieially impreg-_
nating infertile egzs. One procedure wag to remove the shell
membranes and albumen. The yolk was then placed in a small
poreelain cup, and a drop of undiluted semen deposited on the
germinal dise. The poreelain cup sontaining the yolk was then
placed in a covered dish within an ineubator for fifteen min-
utes and kept at 105° F. After this interval the albumen was
again replaced and the egg allowed to ineubate for the length
of time desired.,. Other methods which were slight modifica-
tions of that just deseribed were also tried. These modifica-
tions consisted of sush procedures as washing the vitelline
membrane with either normal saline or Ringer's solution follow-
ing removal of the albumen and before impregnation and in using
different types of containers, ineluding portions of egg shell
for incubating the yolk.
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The most suceessful method found to date consisted of
simply injeeting one drop of a one to fifty dilution of fresh
semen beneath the vitelline membrane near one edge of the
blaatodiss. An ordinary hypodermic syringe fitted with a
No. 27 gauge needle proved satisfactory for this furpose. A
medified Ringer's solution of the eomposition desceribed by
Bormier and Trulsson (6) was used as a diluent for the semen.
This solution was of the following eomposition:

In 10,000 ce. of water were dissolved:

NaCl 68.00 grams
KC1l 17.33 grems
CaCly 6.42 grams
MgS04 2.50 grams
NaHCO4 24.50 grams

Using this method of artifieial impregnation, the premature
egz was kept practically intaet sinece it wag only necessary
to eut a small eireular hole about one-half ineh in diameter
in the shell membrane providing it was made directly over the
germinal dise. After impregnation the egg,with its membranes
intaet except for the small sperture, was placed in a amall
poreelain eup which acted as a holder. The ocup containing the
egg was then placed within a dovered dish in which a high rela-
tive humid ity was maintained. The egg was then incubated for
the desired length of time at a temperature of 105° F. The
shell membranes snd albumen were then removed and the yolk
fixed in Bouin's.

After fixation, the entire yolk with the exception of
those blastodises whieh were to be photographed, were removed

from the fixative solution and placed in sixty peraent aloohol.
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The germinal disc was then carefully removed by cutting

around it with a small pair of seissors, The germinal disc

was then placed in seventy percent aleohol followed later by

the higher aleohols and xylol and finally embedded in paraffin.
Stains ugsed. Delafield's hematoxylin, Heidenheim's

iron hematoxylin, and Feulgenis stains were used in these
studies, In all casges the tiésues were stained after they
were S8ectioned, Heidenheim's iron hematoxylin proved very
helpfal in studying structures of the germinal vesiele, the
mitotis figures and the polar bodies. Delafield's hematoxylin
was useful for studying the gross structures of sections of
the germinal dise and the underlying yolk material. The yolk
granules are not stained as darkly with this stain as when
Heidenheim's 1ronlh6matoxylin is used. Feulgen's stain, be-
eause of 1%8 specifieity for chromatin material, was used in
determining the presence or absence of chromatin.

Pissue carrier. Difficulty was encountered in the

earlier part of these studies due to breakage of some of the
tissues as they are being transferred from one reagent to
another. To overcome this difficulty, the device shown in
fig. 55 was developed. This consisted of a flat, eireular
plate of non-corrosive metal which was fitted with a series
of 35 small chambers (one-half inch in depth and one-half
ineh in diameter) made of the same material, The perforated
dise was 80 designed as to fit in a smll-sized petri dish.
The tis8sues to be dehyirated were placed in the small per-

forated chambers with an accompanying marker. This tissue
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earrier saved much time and effort in that a large number of
tigsues could be changed from one solution to another with
one eperation. The greatest advantage, however, was that
once suoch fragile tissues were placed in their respective
compartments they were.not handled again until the time of
embedd ing.

Photographine whole mountg. In the study of whole

mounts, the yolk eontaining the blastodise to be photographed
was transferred from the fixing fluid to sixty percent alcohol.
The vitelline membrane was then earefully removed from that
area of the yolk immediately ever the germinal dise. This
operation left the germinal disc intaet and in its normal
positien upon the yolk. The position of the marker was then
determined and the anterior portion of the blastodise marked
with laboratory ink. The blastodise could then be either
photegraphed while on the yolk or removed and placed in a
depressien slide and photographed. In aases where the ger-
minsl dise was removed, it was found advisable to eover the
tigsue with fifty percent aleohol and a cover glass before
photographing. Both procedures of handling this type of ma-
terial were used but the latter was preferred due to ease in
handling the tissue.

It was found very helpful in the oase of cleavage
stages to stain the blastodiso before photographing. Gentian
violet stain proved useful for this purpose. The blastodise
$0 be photographed was first overstained, then destained with

fifty percent aleohol until a point was reached where most of
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the eolor was removed from the upper surfaces of the cells
bu$ some still remained in the cleavage furrows. Thig
oreated a marked oontrast between the sleavage furrows and
ths eells proper. The cells in some blastodises which were
barely visible in an unstained condition could easily be seen
by this method., All photomiesrographs of whole mounts shown
in plates 5 and 6 were taken at magnifications of twelve to

twenty-one times,

RESULTS AND DISCUSSION

Nuelei of immature oocytes. The nucleus or germinal

vesicle in the smallest follicles of the adult ovary is lo-
eated near the center of the developing oocyte. At thig stage
of growth the nuesleus is relatively large in comparison to the
total volume of the folliscle. The ohromatin material in the
nucleus staina deeply with sueh basie stains as Delfield's
hematoxylin and Heidenheim's iron hematoxylin. In plate 1,
fig. 1, is shown a very yoﬁng oosyte with its relatively large
nusleus. This eocyte wag .09 mm, in diameter while its nuscleus
measared .036 mm. This means that the nucleus in follicles of
this stage of growth represents approximately 6.4 percent of

the total volume of the ooeyte.
In fig. 2 is shown a oross section of a slightly older

ooeyte., The diameter of the follicle in this case was .41 mm,
while that of ite nusleus was .09 mm. The nusleus therefore at
this stage of development represents approximately 1.6 percent
of the total volume of the oocyte. This means that during
these early stages of growth, the nucleus, although increasing
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in sige, does so at a slower rate than the eytoplasmie mater-
ial,

Figs. 1 and 2 also show another marked change in the
nuelel of follicles at these stages of growth. These two
follicles were stained simul taneously in Heidenheim's iron
hematoxylin., Nevertheless the chromatin material in the
nucleus of the younger follicle stains more deeply than that
of the older ooceyte. This shift in staining reaction from a
basephilie to & more acidophilic condition was eonsidered by
Brachet (7) to be due to the production of thymonucleie acid
daring the sourse of yolk formation.

In fig. 3 is shown a follicle at a still later stage
of deveioPment‘ In this case the follicle has a diameter of
1.7 mm. while that of its nusleus measures .28 mm. The
nueleus or germinal vesicle in an ocoyte of this size is
found in an eecentrie position having migrated from the more
cenbral position shown in fig. 2 toward the periphery of the
cell, The shift in the staining reactions eof the nucleus of
"ova of this gize is even more pronounced than was the case of
the follicle shown in fig. 2. In follicles of this size both
the chromatin material and the nucleasrplasm appears to stain
less intensely than in the stages of growth represented in
figs. 1 and 2.

The germinal vesicle of mature folliecles. 1In fig. &

i8 shown s median oross sectional view of the blastodisec of
an ooayte whiech was removed from the ovary forty-eight hours

prior to the estimated time of ovulation. The germinal vesiocle
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as shown in this photomiorograph has migrated to one edge

of the folliele and now lies, as noted by Lillie (33), in
the center of a thiokened mass of protoplasm known as the
germinal dise. In follisles of this size (approximately
thirty-three mm. in diameter) the germinal vesicle almost
invariably assumed the shape shown in fig. 5. The outer
surfaee of the germinal vesicle is flattened against the
vitelline membrane while its inner surface remains eonvex in
shape. The germinal vesicle as shown in fig. 5§ is surrounded
by a definite nuoclear membrane. The interior struseture of
the germinal vesicle of nearly mature follicles appears to be
eompesed of a fine network of delicate fibers., Within this
network of fivers is a 6lear nuolear sap whioch at this siage
of growth is guite resistant te nearly all nuclear stains.

In geetions satalned in Delafield's hematoxylin, for example,
the surrouniing protoplasm atainé deeply while the germinal
vesicle retains its original grayish eolor,

Within the mesh work of the germinal vesicle at this
stage of development are found scattered strands of shromatin
which oan be seen in certain well stained sections of this
strusture. In later stages, to be discussed later, the
elromatin 1ailesa scattered and is found near the center of
the germinal vesicle.

The germinal vesiele in mature follicles is relatively
large in comparison to the blastodise. In the case of twenty
specimens the average size of the germinal vesicle, as seen in
eross section, was found to be 350 microns in width and 1056

mierons in depth. Variations of 310 to 400 microns in wid th
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and 90 to 110 mieroms in depth were found.

A8 viewed from the surface, the germinal vesicle ap-
pears to be nearly ocireular in shape. Its relative position
and size in relation to the surrounding protoplasm ean be
judged from the phetomiersegraph shown in fig. 4. In this
particular cage the greateat diameter of the germinal vesiecle
wa@ found to be 350 mierons.

A oross seectional view of the blastodisc . of a follicle
taken from the ovary approximately twenty-four hours prior to
the estimated time of ovulation is shown in fig. 6. The walls
of the germinal vesicle as shown in this photomierograph are
beginning to disintegrate. This degeneration of the nuelear
wall is indicated by the vasuoles whish have formed on either
side of the upper surface of the germinal vesicle and also by
the fact that the contents of the germinal vesicle &re beginning
t0 spread laterally. It will be observed by comparing figures
4 and 6 that the inner surface of the germinal vesicle of the
older egg has flattened.

In the photomierograph shown in fig. 7 of plate 2, the
degeneration of the germinal vesicle appears to be even in a
more advanced state than that shown in fig, 6. The upper sur-
face of the germinal vesiole ham separated from the surrounding
protoplasm leaving a vaeuolated area which is partially filled
with a blask residue. This residue which is derived from the

disintegrated germinal vesicle resembles ohromatin as to eolor
when stained with Heidenmheim's iron hematoxylin. This material,

however, probably is not ochromatin sinee it is not ecolored when

Feulgen's stain is used.
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In fig, 8 is shown a oeross seotional view of the
blastedise of a mature follicle. This follicle was removed
from the ovary of a hen just prior to the time of ovulation.

This photograph clearly shows the ult imate fate of the germinal

vésiele. Its walls at this stage have sompletely broken down
8llowing the fluid contents to spread laterally in a thin
sheet beneath the vitelline membrane. The material from the
germinal vesioele in this instance was found in more than
seventy-five seations cut ten misrons in thickness.

By comparing figures &, 6 and 8 it will be observed
that the proteplasm of the germinal dise¢,as well as the con-
tents of the germinal vesicle, has spread laterally. This
thinning and spreading of the protoplasm and the contents of
the germinal vesicle is undoubtedly associated with the in-
ereased internal pressure within the folliecle and with the
weakening of the folligle wall.

Cross seotionas of the germinal dises of follicles re-
moved from the ovary a few hours prior to time of ovulation
show amall areas of chromatin material near the center of the
germinal vesicle. The chromatin threads at this period of
development are extremely varisble in shape and size (figures
9, 10 and 11). In one instance the chromosomes appeared to
be arranged in tetrads, a stage preparatory to the first
maturation division. The tetrads wereﬂ_found in a small group
near one edge of the germinal vesiele." It was possible to
count eighteen of these struetures, the most of which appear
in the photomierograph shown in fig. 12, Only slight variations
in shape and size were noted among the individual tetrads,.
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If the ohromosomea shown in fig. 12 are in a true tetrad
condition, it would indicate that in the fowl there are at
least eighteen pairs of chromosomes. Wilson (69), it will
he recalled, has shown that the number of tetrads in a given
species is always one-half the usual number of chromosomes
for that species.

Formation of first polar body. A still later stage in
the maturation process is shown in figures 13, 14 and 15.
These photomicrographs taken of two succeeding sections through
the germinal vesiole of a mature ovarian folliole show an early
anaphase stage in the formation of the first polar body. The
chromosomes appeared in two sections and in these photomicro-
graphs are shown in the process of being drawn to opposite
ends of the spindle. The spindle, although not visible in
either of the three photographs, could be seen by careful
focusing and was found to be lying with its long axis at right
angles to the surface of the egg. The reconstructed drawing
shown below was made of the two sections of tissue to show the

relative size and position of the chromosomes.

Fig. A. ReconstructiSFof

the spindle of the first

polar body shown in figs.
13, 14, and 15.
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In plate 3, figure 16, is shown a oross sectional view
of the germinal dise of a mature follicle which was removed
from the ovary about one hour prior to the estimated time of
ovulation. This photegraph shows the first pelar body whiah
has been sxtruded from the egg lying in a small depression in
 the protoplasm immediately beneath the vitelline membrane.

What appears to be the spindle formation of the second polar
body is shown a short distance %o the left of the polar body.
The polar body in this case was found t0 be seven microns in
length, three microns in depth, and ten microns or less in
thiekness. In this particular case the eytoplasm made up the
largest proportion of the polar body.

In fig. 20 is shown a cross sectional view of the
blastodise of another mature ovarian follicle. In this tissue
only small isolated portions of the germinal vesiocle could be
found. In the two small vaeuoles shown in fig. 20 which were
filled with materizl from the germinal vesicle, were found
small poertions of chromatin material. In the case of the
smaller vacuole, the ehromatin was present in three sections
of tissue and might possibly be interpreted as an early stage
in the formation of the firat polar body. The smaller quan-
$ity of chromatin shown in the second vacuole in fig. 20 pro-
bably represents portions of this material from the disintegrated
germinal vesiele which was not involved in the maturation process.
Wilaon (69) in discuesing the fate of some of the chromatin ma-
terial in bhe eggs of other animals states "It is a very inter-
esting and important faet that during the growth and maturation
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of the ovum a large part of the chromatin of the germinal
vesiele may be lost either by passing out bodily into the
eyloplasm, by conversion into supernumery or accessory
nueleoli whioh finally degenerate, or by beinz east out and
degenerating at the time the polar bodies are formed.®

In figures 17, 18 and 19 are shown oross seastional
views of the germinal dises of three newly ovulated yolks.

The eggs from which these tissues were obtained were found

in the bedy eavities of three hens not as yet having been
picked up by the infundéibulum. In each of these photomicro-
graphs a firat polar body is shown lying in a small depression
in the protoplasm near the gcenter of the germinal dise and im-
mediately beneath the vitelline membrane. The polar body shown
in fig. 17 was found to be twenty miorons in length, seven and
six-tenths microns in depth, and more than ten microna in
width. The one sﬁovm in fig. 18 measures twelve and eight-
tenths microns in length, six mierons in depth and ten microns
in width. The polar body shown in fig. 19 is the largest of
the three, measuring twenty-eight and two-tenths mierons in
length, eight and five-tenths miorons in depth, and more than
ten mierons in width. The dimensions of the three pelar
bodies shown in figures 17, 18 and& 19 were larger them the
polar body found in the ovarian follicle and shown in fig,lé.
This would smggest that the polar bodies increase in size
after being expelled from the egg. Ven Durme (62) also noted
the difference in size of the firat polar bodies found in the
ovary and those found in the infundibulum of the pigeon and
the swallow. It is obvious from figures 17, 18 and 19 that
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the polar bodies in different hena' eggs vary a great deal
in sigze and shape. In general, however, it can be said that
the polar bodies in hens' eggs are oval in form, elongated,
and more or less pointed at either end. In the case of the
pigeon and the swallow, the polar bodies are on the average
about one-third the size of those found in the chicken egg.
Van Durme (62) who studied the polsr bodies in the pigeon and
swallow reported that in the pigeon the greatest diameter of
the polar body was seven misrons. In the ocase of the swallow
two first polar bodies were found. One polar body had a
diameter of seven mieroneg while the greatest diameter of the
seoond was approximately fifteen migcrons.

The polar bodies of the hen's egg not only are differ~
ent in shape and size but also var& greatly in the apparent
amount of chromatin material which they eentain. For example,
the polar body shown in fig. 18, &l though the smallest of the
three, contains nearly twice as much chromatin as either of
the other two shown in figures 17 and 19. The shape and lo-
cation of the chromatin within the different polar bodies are.
also of interest. In fig. 17 the cehromatin is arranged in
threads which are quite evenly distributed throughout the
polar body. In the polar body shown in fig. 18 the chromatin
material appears to be subdivided@ and is found in small more
or less aircular patehes whioch are distritmted evenly through-
out the polar body. The chrometin shown in fig, 19, on the
other hand, appears in the form of a narrow band about the

periphery of the polar body with the greatest quantity being
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soncentrated near the upper surface of this strueture. Only
one oase was engountered (fig. 18) where there was more
ehromatin than eytoplasmic material im the polar body. 1In
some of the photographs reported by Van Durme (62) for polar
bodies in the pigeon end swallow, almost% the entire bulk of
the polar body appears to be ehromatin material. The polar
bodies of the hen's egg shown in figures 16, 17 and 18 with
respect te the amount of chromatin material more nearly resem-
ble those shown by Harper (25) for the pigeon. In shape and
size, however, the polar bodies more closely resemble those
described by Van Durme for the pigeon and the swallow.

The second polar body and fertilization. The second

polar bdéy in the hen's egg is extruded a short time after
ovulation and following the entrance of the spermatozoa.
Since fertilization and the formation of the second polar
body are intimately connected, these two phenomena will be
discussed together,

It will be recalled that the spindle for the second
maturation division is formed while the egg is s8till in the
ovary and just prier to ovulation, fig. 15. The second polar
body after reaching this stage of its formation passes so to
gpeak into a dormant eondition and only proceeds with its
development following the entrance of the sperm. The sperm
in all probability provides the stimulus which is necessary
to induee further development.

In fig. 21 is shown an early stage in the process of
fertilization. In this oross seational view of the blastodise

the male and female pronuslei are in close proximity to each
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other and to the chromatin material whose ultimate fate is

to be extruded from the egg with the second polar body. The
egg in which this stage was found was taken from the body
eavity of a2 hen which was killed forty-five minutes after
laying. This is the same egg as that represented in fig. 19.
The first polar body was found eight sections or eighty microns
from the section shown in fig. 8l. If we consider that ovula-
tion in this case took place thirty minutes after the laying
of the hard-shelled egg it would mean that the egg had been

in the body eavity of this hen approximately fifteen minutes.
Nevertheless, in spite of this short time, the sperm had al-
ready penetrated the vitelline membrane and had reached an
advanced stage in its charsctéristie change in preparation to
uniting with the female pronucleus.

The nucleus shown on the right in this photomierograph
is considered to be the female component because of its
position with respect to the polar body and due to its déeper
loeation in the tissue. Both the male and female pronuclei
shown in fig. 20 are of approximately the same size and shape.
These pronuclei measure 2.2 miorons in length and 1.6 microns
in width and both are "egg shaped”, i. o., one end is dlunt
while the opposite end is quite pointed. The chromatin
material, a8 might be expeoted, makes up the greater propor-
tion of the two pronuclei and at this stage of development
stains intensely with iron hematoxylin, There is a character-
istie haziness in the appearance of the tissue surrounding the
two pronuclei and the polar body. This appears to be

characteristic since the same condition was found in other
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preparations where pronuolei were present.

Another male pronucleus is shown in fig, 22. This pro-
nucleus was found in a oross section of the blastodiso of
another egg removed from the body cavity. In general this
pronucleus is of the same shape and size as those shown in
fig. 21, The same hazy appearance of the tissue 1is also
present.

During the brief interval between ovulation and fusion
of the two pronuclei, the sperm goes through several character-
istic changes# The head and middle portion of the sperm is
transformed eventually into an oval nucleus, which is composed
of approximately equal parts of chromatin and nueleOplaSmio
m aterial and which has definite nuclear walls. The following
diagram shows a few of the transitional stages of the sperm
after it enters the egg and prior to its fusion with the fe-

male component.

Fig. B. Stages in the
transformation of sperm
heads.
Later stages in the developmental process were encountered

in naturally fertilized eggs whioh were taken from the infundi-

bulum and albumen portions of the oviduct. Polar bodies were
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found in'eggs from these regions but because of the similarity
of the first and second polar bodies it was impossible to de~
termine with any degree of certainty which was the first and
which was the second. This same difficulty was encountered

by Van Durme (62) in her atudies of the two polar bodies in
the eggs of the swallow and pigeon. She reported that the
first and second polar bodies in these birds were almost
identieal in appearanee and size and there was no morphological
differense which could be used to differentiate the two.

According to Van Durme (62) the first polar body,
whieh is extruded while the egg is st1ll in the ovary, hés
completely disintegrated by the time segmentation begins, i.e.,
approximately three and one-half hours after the time of
ovulation, This would mean that by the time an infertile
egg reached the isthmus the first polar body would not be
‘found in sections of the blastodise. Therefore, if an in-
fertile uterine egg eould be induced to resume its development,
any polar body found later would logically have to be con-
sidered the seoond polar bedy.

In this present study, a technique has been developed
whereby infertile uteriné egzs impregnated with sperm will
resume their development. This technique, which will be
discussed in greater detail later, has made it possible to
study the strunture'of the second polar body. It has also
made it poasible to determine with certainty whether fertili-
zation or at least the entrance of the sperm is a necessary

gstep before the second polar body ean be extruded.
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In plate 6, fig. 39, is shown a photomicrograph which
was taken of a oross seotion of the blastodisc of an infertile
uterine egg after being impregnated with a one to eighty dilu-
tion of sperm and then incubated for twenty-five minutes at
105° F. The egg which supplied this tissue was removed from
the uterus of an infertile hen five hours after the estimated
time of ovulation. In this photograph, the second polar body
can be seen in a small depression in the protoplasm and just
beneath the vitelline membrane. Portions of the second polar
body shown in fig. 39 were present in three sections making
this strueture thirty mierons in width. The polar body as
seen in cross section was twelve microns in length and six
microns in depth. The ehromatin material made up approximately
one~half the total volume of this polar body. To the left of
the polar body is the large egg nucleus which, Judging from
‘its size, is the fusion nucleus. The nucleus appears to be
preparing for the first mitotiec division.

In plate 6, fig. 41, is shown another second polar
body which was found in seetions of a blastodisoe from an
infertile uterine egg. This egg was impregnated with un-
diluted semen and then inecubated for four hours. The polar
body in this case is muech larger than any of those previously
discussed. In this instance, the polar body had not been
eompletely extruded from the egg. The greatest portion of
this polar body is composed of oytoplasmic material. The
ehromatin material which stained deeply with Delfield's

hematoxylin is shown in a small compact mass near the center

of the polar body.
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These two photegraphs (figures 39 and 41) therefore
bring out two important facts, namely:

(1) The secend polar body in the case of birds'

eggs is extruded only after the sperm has
entered.

(2) The infertile egg can remain in a dorment
state for several hours in the oviduet of
the hen and still be eapable of undergoing
fuarther development.

Harper (25) reported that in the case of the pigeon egg
the second polar body was given off after the entrance of the
sperm. Van Durme (62) on the other hand reported that the ex-
pulsion of the second polar body in the case of pigeon eggs
was not dependent upon the penetration of the sperm. The
findings reported in this paper therefore confirm Harper's
observation but are not in agreement with those reported by

Van Durme.

Segmentation of naturally fertilized eggs

The germinal dise of the hen's egg at the time it is
about to undergo cleavage appears in a surface view as a
whitish ¢iroular area which is ébout three mm, in diameter,
Patten (46). The lighter-colored central portion of the dise
igs gurrounded by a somewhat darker area known as the periblast.
These divisions can be seen in the blastodise shown in plate 8,
fig. 51. In the case of the hen's egg segmentation begins in
the 1ightef-oolored central area of the blastodisa.
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The two-cell stage. The first cleavage plane in

naturally fertilized hens' eggs usually appears while the
egg is in the isthmus, i. e., approximﬁtely three and one-
half hours after the estimated time of ovulation. Patterson
(47) whe has studied the early cleavage stages in the hen's
egg found that the first furrow appeared as the egg was
entering the isthmus. Although the isthmus is usually the
regien of the oviduet where segmentation begins, cases were
encountered where the first cleavage occurred in the albumen-
seareting portion.

From surfaee view, the first cleavege plane appears as
a narrew furrow whieh in some eases 1s practically straight
while in other instances it is ourved. The first eleavage
furrow usually only extends part way aoross the eentrél por-
tion of the germinal dise. Some cases are encountered,
nowever, as shown in plate 4, fig. 83, where the furrow ex-
tends almost all the way aeross the germinal dise.

In oross seetion, the cleavage furrow appears as a
relatively deep V-shaped groove in the upper surface of the
protoplasm. Cross sectional views of the first cleavage
plane, as found in two different eggs are shown in plate 6,
figures 35 and 36. One of these eggs was found in the albumen-
secreting portien while the other was teken from the isthmus.

The gquestion arises in a discussion of the first
eleavage plane as to the relationship which exists between the
direction of the first furrow and the future long axis of the

embrye. Of the three cases encountered where it was possible
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to determine the direstion of the first cleavage plane, one
eaoincided exaetly with the embryonic axis. Another was en-
eount ered where the firat furrow was at right angles to the
long axis of embrye. In tye other case the first cleavage
furrow deviated from the long axis of fhe embryo by. about
ferty-five degrees. These observations, however, do not
neocessarily mean that no relationship exists between the
first cleavage furrow and the long axis of the embryo sinece
it is known that the long axis of over forty percent of the
embryos in hens' eggs deviate from the position'oonsidered
as normal. Patterson (47) reported that in the cases which
he observed only one case was énOountered where the first
cleavage furrow and the long axis of the embryo coincided.

Hitherto, only drawings of eleaﬁage~in the hen's egg
have been made. These drawings, although carefully made, fail
to show the variations which exist in the length, shape énd
lecation of the eleavage planes which are found in naturally
fertilized eggs. This ereates the impression that cleavage
furrows always form in a definite manner and in a certain set
4r61ationship with respect to other cleavage planes. To show
the variations in the shape and size of cells which actually
exist, photographs were obtained of each of the early cleavage
stages. In some cases several photographs are shown of the
gsame cleavage stages. Thig was done to show the marked
variat ions in cleavage patterns which are commonly found in
different eggs from the same and 4ifferent hens.

The four-cell stage. The four-cell stage is produced

by a vertical division of the blastomeres of the two-cell stage.
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The cleavage furrow whieh subdivides thg first two cells
orosses the first cleavage plane at approximately right
angles. Usually the second oleavage plane meets the firsh
at separate points along the first furrow. Such e condition
is clearly shown in the two four-cell stages shown in plate
4, figures 24 and 25.

In the oase of the four-cell stage shown in fig. 24,
the oleévage is occurring near the center of the blastodise.
Unfortunately this specimen was broken when it was removed
from the yolk for photographing. The relationship of the
cleavage planes to the blastodise, however, is s8till discern-
ible. It will be observed in fig. 25 that cleavage in this
particular egg is taking place near one edge of the blastodise.
Duval (17) observed similar cases in hens' eggs where the first
two fuirows formed in an eccentrie positién in the blastodise.
He was of the opinion that this condition was normal for the
hen and that tﬁis point of active cell formation marked the
posterior end of the future embryo. Only a few such ecases as
that shown in fig. 23 were encountered in naturally fertilized

eggs.
The eight-cell stage. In fig., 26 is shown an early

eight-cell stage. Two parallel cleavage furrows which are
connected by a third but less distinet furrow can be seen in
this photograph. In the case of this egg, the cell formation

is occurring at a point near the center of the blastodise.

The relative length of the furrows and the size of the cells
with respeet to the entire blastodise ean be readily judged

from this photograph.
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The rudimentary accessory cleavage which is of common
ooourrence in the case of the pigeon egg was not observed in
any of the cleavage stages oocurring in naturally fertilized
hen8' eggs. Patterson (47), however, reported finding such a
condition in hens' eggs at the four-cell stage of development.
This ascessory cleavage was encountered commonly in egges which
hsd been artifieially impregnated with fresh, diluted semen.
In this case, however, as will be discussed later, the condi-
tion was ocaused by injeecting a large number of sperm into the
egg.

The sixteen- to thirty-two-cell cleavage stages. In fig.

27 is shown a blastodise with twenty-two cells visible from a
surface view. In this photograph the furrows whioh form the
boundaries of the large marginal cells are shown t¢ have ex-
tenﬂed‘to such an extent that the entire blastodise has become
segmented, The smaller central cells in this case stand out
prominently in marked contrast to the large marginal cells.

In this particular specimen there are twelve central and ten
marginal cells which are visible in the surface view,

In figures 28, 30 and 31 are shown photomiecrographs of
three different blastodises whioch have reached the thirty-two-
eell stage of development. The great variations whieh are
found in pattern of cell formation in the different eggs are
shown in these three photomierographs. In fig. 28 the cells
are quite large and involve approximately one-third of the

-area of the blastodise, In fig. 31, on the other hand, seg-
mentation is limited to a relatively small central region with

the marginal cells extending only a short distance into the
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surrounding proteplasm, In fig. 30 oleavage is taking place
near the eenter of the blastodise. The central cells in this
ease are relatively large, some of which appear to surpass
sertain of the marginal ocells in size.

The 64- to 240-cell cleavage stages. In figures 29 and
32 of plate & are shown two blastodises each of whioh contain
approximately sixty-four cells. The variations which oceur in
cell shape and size in nature areagein demonstrated in these
photemicrographs. In the oase of the tissue shown in fig. 32
the cleavage planes involve nearly the entire surface of the
blastodise, the marginal cells being relatively large in ocom-
parison to the central cells. In fig. 39,on the other hand,
only about two-thirds of the blastodise is segmented. 1In this
ease the marginal ocells are relatively amall in comparison to
the largest eentral cells.

In figures 33 and 34 are shown s8till later stages in the
development of the hen's egg. Fig. 33 shows a blastodise in
which about one hundred ¢ells are visible in surface view., 1In
this ease there appears to be at least seventy-four sentral
cells and twenty-four or more marginal cells. This photograph
is interesting in that it shows the great variation which
exists in the shape and size of the different cells in blasto-
dise at this stage of development. This same condition is
shown in fig. 34 where 240 or even more cells are visible in
surface view. The marginal eells shown in thls photograph are
st11l relatively large at this atage of development.
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Arﬁifiéialwiﬁggéghatibn‘Of'inféf%iié"eggé

It was pointed out earlier in this paper that the first
maturation division in the hen's egg occurs while the egg is
still in the ovary. The sperm enters the egg within a few
ninutes after ovulation and while the egg is in the infundi-
bulum, This is followed by the extrusion of the seecond polar
body, the fusion of the male and female pronuclei and the
appearance of the first cleavage furrow. Thus in the case
of a natuwrally fertilized hen's egg there is a continuous
chain of uninterrupted developmental processes from the time
the egg enters the oviduet until it is laid. Such is not the
ease, however, with an infertile egg. Sueh an egg, after ex-
truding the first polar body, enters what might be considered
a dQormant condition with no further visible changes occurring
in the blastodisc until the egg has entered the uterus,

The length of time that an infertile hen's egg can re-
main in this dormant state and yet be capable of und ergoing
development when the proper stimulus is applied has not been
determined previously. According to Morgan (39) the eggs of
gome of the lower forms of animal l1life can remain dorment for
several days and yet be fertilized. TNo published reports
ocould be found in the literature of any attempt to artificially
impregnate infertile hens' eggs although this has been commonly
prasticed in the case of eggs of some lower forma,

One of the objeets of the present study was to develop
a teehnigue whereby infertile hens' eggs could be artificially

jmpregnated and caused to resume their development. Some
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An early stage of development in an artifiocially
impregnated uterine egg is shown in plate 6, fig. 39. This
egg after being impregnated was incubated et 105° F. for
twenty minutes. In this case a 1-80 dilution of sperm was
used and the impregnating fluid was placed beneath the vi-
telline membrene near one edge of the blastodise., In this
photemierograph the second polar body is shown in a depression
in the protoplasm just benesath the vitelline membrane. The
large fusion nusleus appesrs also in this photograph a short
distanece below and to the left of the second polar body. The
nusleus in this case appears to be preparing for the first
gegmentation division,

There is little gquestion that the development shown in
this photograph was initiated by the sperm whish was injected.
Infertile uterine eggs injeeted with Ringer's solution served
as eontrols. These control eggs, after being inocubated at
105° P. for three hows showed no signs of development.

In plate 4 fig. 23 is shown the first oleavage furrow
of an artificially impregnated egg after twenty~five minutes
of incubation at 105° F. The first furrow in this case extends
nearly all the way aeross the center of the blastodise. 1In
plate 6 fig. 40, however, whioh shows another early cleavage
stage, the furrow is much shorter and only involves a small
portion of the blastodise. In this respect the ocleavage shown
in fig. 40 resembles the two-cell cleavage stages found in

naturally fertilized eggs.
Another point of interest in connection with the
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artificially impregnated eggs is the aceessory cleavage. The
extra spermatozoa have established an area of accessory cleav-
age about the periphery of each of the two blastodises which
can be seen in figures 23 and 40. This condition which is of
eommon osocurrense® in the pigeon egg is rarely found in the ocase
of ratwrally fertilized hens' eggs. In the case of the pigeon
egg, Blount (5) attributes this condition to the twenty-five

or more extra sperm whioh enter the egg prior to the fusion of
the male and female pronuclei.

Accessory cleavage has also been reported as ocourring
in naturally fertilized hena' eggs. Patterson (47) who reported
this eondition in chicken eggs found that the aoscessory cleavage
furrows appeared at the four-eell gtage of development spproxi-
mately four hours after the estimsted time of fertilization.
This eondition may cecur in some naturally fertilized hens'
eggs, but was not observed during the course of this present
study.

The faet that accessory cleavage is commonly found in
artificially impregnated hens' eggs but rarely occurs in
naturally fertilized eggs shows that this condition is brought
about by the supernumerary sperm. Although only one drop of
a 1-80 sperm dilution was injJected into each egg, nevertheless
this small quantity contained more than five hundred sperm.
This observation therefore econfirms the findings of Blount (5)
who reported that accessory cleavage is caused by the extra

sperm which enter the egg.
The faet that accessory cleavage 1s of rare occurrence

in normally fertilized chicken eggs indicates that very few
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sperm enter the hen's egg at the time of fertilization. The
largest number of sperm nuclei found in each of ten different
eggs from the infundibulum was three, This finding therefore
is in acoord with the observations made by Patterson (47)

who reported that usually only four t0 five sperm enter the
egg at the time of fertilization.

Another point of interest in conneetion with the study
of artifiesially impregnated egga is the rate at whiech develop-~
ment takes place. The first cleavage plane in naturally
fertilized eggs appears while the egg is in the isthmus or in
oether words spproximately three and one-half hours after the
estimated time of fertilization. In artificially impregnated
eggs, however, where the time faetor ean be determined acou-
rately, the first cleavage furrow appears in twenty-five
minutes. In other words, in artificially impregnated eggs
the first éleavage furrow forms in one-eighth the time that
is normally required for this degree of development. The
difference in rate of development of artificially impregnated
and naturally fertilized eggs is shown in the following table:
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TABLE I

Time table of different developmental stages in nat-
urally fertilized and artifiecially impregnated eggs.

tArtificially
Naturally fertilized eggs ‘impregnated
H eges
: : ¢ Average . : T%%E
No. : Stage ‘Position :time after: Range ¢ needed to
of : of : of ! laying : ¢ produce an
cases: develop- : eogg in :preceding : time ¢ equivalent
: ment toviduet ¢ ege H : stage
: : : Hours : Hours ¢ Minutes
: G $ : s
8 ‘:Fertiliga-:Infundi- : : )
: tion ¢ bulum 0.3 0.1 - 0.3 : 0
2 :2nd polar : Albumen : : :
¢ Dbody ¢ portion: 3.5 : - H 20
3 :2-0ell ¢ Isthmus : 5.0 :4.5 - 5.2 : 25
: stage : : H H
B ¢ : $ s
3 :4-c6ll : " : 5.6 5.0 - 6.3 : a7
: stage : : : :
3 8-cell : " i 6.0 $5.0 - 8.0 :  --
: stage : : :
8 :16-cell : Uterus : 6.8 :5.0 -~ 6.5 : 29
: stage : ’ :
7 :32-0ell : " ¢ 6.8 15.8 = 7.8 :
: stage ¢ : : :
2 :6d-cell : " i 7.0 6.5 - 7.5 :
H stage ¢ : H :
2 :120-cell : " i 7.5 7.0 - 8.0 3
H stage ¢ : H E

No definite explanation can be offered at the present
time for this greatly accelerated rate of development in
artificially impregnated eggs. The two following conditions,

however, may be eontributing faoctors and will be investigated

later.
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(1) The number of sperm. In the case of naturally fertilized

(2)

hens' eggs only three br four sperm normaelly enter the

eg8. In the oase of the artificially impregnated eggs

evem when a 1-80 dilution was used, several hundred sperm
were injected in the egg next to the blastodiss. This
difference suggests two possibilities, namely:

(a) The spermatozoa may contain either an emzyme, hormone,
or soms other chemical substanee which acts as a
catalyst, thereby speeding up development.

{b) The fusien of the male and female pronuclei may oscur
sooner than under natural conditions. The large
number of sperm injeoted into the egg would greatly
increase the chanees of a sperm being in closer
proximity to the female pronucleus than would be
the case under natural conditions. In such a case
it is logieal to assume that the fusion of the two
pronuslel might oscur sooner than under netural
condi tions.

The di fference in activity of the sperm. Under normal

eonditions, only the head and middle portion of each
spermatozoa enter the egg, the tail taking no part in the
fertilization process, MoEwen (36). Such tailless portions
of sperms would naturally be mush more sluggish in their
movements than fresh sperm. In the ease of the artifi-
eially impregnated eggs, fresh active spermatozoa were
injected into the egg. The difference in the activity of
+the sperm in the naturally fertilized and artificially
impregneted eggs may therefore be a contributing factor
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in the inoreassed rate of development. In this conneetion
the observation reported by Warren and Kilpatrieck (64) is
of speeial interest. These authors found that if a Black
Minorea hen which had been previously impregnated with
the semsen of a White Leghorn male was again impregnated
using the semen of a Black Minorca male, the fresh sperm
would immedistely replace the olier White Leghorn semen,
Warren's observation showsa therefore that sperm in the
oviduct become less aetive with age. The possibility of
a ripening process osocurring in the nusleus of the egg
due to aging should al so be considered. If the nusleus
did uniergo a ripening process it might result in acacel-
erated nuclear changes upon entrance of the sperm. However,
as mentioned previously, all the possibilities listed are
enly speeulative and experimental proof is laecking,

Plate 7, figures 38 and 39, shows the blastodises from
twe artificially impregrated eggs. Both of these eggs after
being impregnated were incubated for five and one-half hours
at 105° P. It is apparent from these photographs that many oells
have been formed in this relatively short space of time, during
whieh naturally fertilized eggs undergo only two or three
cleavages, Cell formation therefore has taken place several
times faster than iR the case in naturelly fertilized eggs.

The eells found in artificially impregnated eggs vary
greatly in shape and size. These variations are greater than
$hoge found among the oells of naturally fertilized eggs. In
fig. 43, for example, one espeeially large eell appears near

the center of the blastoderm in marked contrast to the very
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amall neighboring cells. The same variation in cell size and
shape can he seen in the blastodise shown in fig. 38,

Figure 45 shows a oross sectional view of the blasto-
dise shown in fig. 43. The vitelline membrane was removed
for the purpose of obtaining the photomicrograph shown in fig,
43 and therefore does not appear. This photograph shows an
area of cell formation near the oenter of the blastodise.

The variations in cell size and shape which were pointed out
in fig. 43 ocan be seen in this photograph. A segmentation
cavity,al though not a& distinet as those which are found in
naturally fertilized eggs, nevertheless can be seen in fig.45,
Two of the large marginal cells from which some of the smaller
eentral cells are derived can alsc be seen in fig. 45.

In fig. 46 is shown a photomiecrograph of the germinal
dise of anot her artificially impregnated egg. In this case
the egg was incubated for seven and one-fourth hours at 105°F,
following impregnation. The development is mueh more advanced
than was the ease of the blastodise shown in figures 43 and 44
and there asppears to be less variation in size and shape of
eells. On clese examination of this photograph, however, it
ean be geen that there is s8till much variation in ocell size
and shape. Although some variation exists im cell size in
late cleavage stages of maturally fertilized eggs, the varia-~
tions whioh occur are not as marked as those shown in fig. 46.
At this stage of development all evidence of acoessory cleav-
age has completely disappeared,

In figures 47 and 48 are shown cross-geetional views

of cell formation of two other artifiecially impregnated eggs.
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The cells in this case were impregnated by placing one drop
of undiluted semen on the viﬁeiline membrane direotly over
the blastodise., The eggs were then incubated for different
lengths of time, the one represented in fig. 47 for five hours
and forty-five minutes, the other for six hours., The cells
found in each of these two eggs are more uniform in shape and
gize than those which were found in other artificially impreg-
nated eggs but still are not as uniform as those which form
under natural oonditions. Nueclei were found in the eells of
both these artificially impregnated eggs, three of which ean be
seen in the cells shown in fig, 48. It is apparent from fig.
47 that a segmentation cavity has been formed, whioch closely
resembles those which are found in naturally fertilized eggs.

Fragmentation

If an egg upon entering the oviduct is not fertilized
it enters into what might be considered a dormant state. TUpon
first entering the uterus, the blastodise of sueh an egg looks
like the blastodise of either a fertile or infertile egg taken
from the anterior region of the oviduet, 1. e., it is unsegmented,
eireular in shape, and about three mm. in diameter. Four to five
houre after entering the uterus, however, the blastodise of the
infertile egg begins to undergo fragmentation. During this
period of fragmentation the protoplasmic blastodise fragments
inte small pieces which in surface view closely resemble true
cell formation. The protoplasm during fragmentation is pro-
gressively subdivided by fragmentation furrows which closely

resemble true cleavage fwrows. This fragmentation must be
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eonsidered as an abortive type of parthenogenesis since some
of the cell-like bodies, as shown in fig. 54, possess nuclei,
The larger fragments of protoplasm divide and this apparent
maltiplication is accompanied in some instances at least by
eerresponding nuclear divisions. This fragmentation or
parthenogenetic development continues until the entire blasto-
disc is segmented. The exact age of the egg when fragmentation
of the blastodisc is completed has not been definitely deter-
mined. However, it was found that the blastodise of infertile
uterine eggs which were obtained from hens at 11:30 p.m, were
atill undergoing fragmemtation. This means that the final
stages of fragmentation ococur between midnight and the normsl
time of laying.

The cell-like structures which are formed as the result
of fragmentation of the blastodise of infertile hens' eggs
resemble in some respects the cells which have already been
deseribed for artificially impregnated eggs. However, when
a careful stody is made of the sections of the two types of
blastedisce the following differences e¢an be observed:

(1) Fragmentation usually begins at the margin of the
blastodisé where there is a considerably smaller amount of
proteplasm per unit area than at the center. The final re-
gult is the formation of many small cell-like boldies at the
periphery of the disc and fewer but larger cells at the center
of the disc. In the case of artificially impregnated eggs,
the first cleavage furrows usually form near the aenter of the

blastodise, figures 23 and 40, Conseguently the cells in
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this region are more numerous snd smaller than at the margin
ef the blastodisa.

(2) Cell formation in fragmented infertile eggs does
not take place as rapidly as in the case of artificially
impregnated eggs. Most infertile eggs removed from the uteri
of hens ten to eleven hours after the estimated time of
ovalation contained relatively few cell-like bodies, figures
51 and 528. 1In contrast to this, unfragmented, infertile eggs
removed from the ubteri of hens five hours after ovulation,
artificially impregnated and incubated for five to seven hours
at 105° F., contained several hundred cells, figures 43, 44,
and 46.

After the fragmentation of the blastodise is completed
the numerous cell-like bodies songregate at the center of the
blastodise, forming the small dense mass of protoplasm whigh
is seen in freshly laid infertile eggs. The appearance of the
blastodises of infertile and fertile eggs at the time of laying
is shown in plate 8, figures 49 and 50.

Several attempts were made to impregnate freshly laid
infertile eggs., Serial sections of these blastodises showed
no indiecations of development even after the eggs had been
incubated for as long as five hours. It is evident‘therefore
that the blastodises of newly-laid infertile eggs have reached
a stage of disintegration where they are incapable of resuming
development even though the proper stimulus is applied.

Pwo different stages of fragmentation in premeture in-
fertile eggs are shown in figures 51 and 58. In fig. 51 a
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fragmentation furrow which might easily be mistaken for a true
cleavage furrow is shown at one edge of the blastodise. This
fragmentation furrow was found in an infertile egg which was
obtained from the uterus of a hen at 8:00 p. m. the day before
it would normally have been laid. This was eleven hours after
the estimated time of ovulation and six hours after the egg had
entered the uterus. This photograph also shows the beginning
of a seocond fragmentation furrow in the upper portion of the
blastodise. A large number of faint radial furrows can be seen
forming about the periphery of the blastodise. In fig., 62 is
shown a later stage of fragmentation in an infertile egg. This
egg was obtained at 7:30 p. m. the day before it would have been
laid or ten houwrs after the estimated time of ovulation and
five hours after the egg had entered the uterus. The blasto-
dise in this case has been subdivided by numerous fragmentation
furrowa, the majority of whioh run in a radial direction. Three
excep tionally wide furrows appear near the center of the blasto-
disc.

Several premature infertile eggs which were obtained
between 2:00 and 4:00 p. m. the day before they were due to
be laid were incubated for short periods of time in order to
study the formation of the fragmentation furrows. These eggs
were removed from the incubator at given intervals and sketches
made of the blastedise. Sketohes made at ten-minute intervals

showing the progressive development of the fragmentation
furrows in two of these infertile eggs are shown in plates 9

and 10.
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Several investigators have stufied the blastodisecs of
freshly laid infertile hens' eggs and have reporfed finding
parthenogenesis. Oellacher (41) was the first to report what
he thought was parthenogenesis in infertile hens! eggs. He
reported finding nucleated cell-like bodies in the germinal
area whioh he eonsidered to be true cells because of their
lecation and their gbility to multiply by division. Duval (17)
also observed these cgell-like bodies in freshly laid infertile
eggs and like Qellacher oconsidered them to be true cells.
baeaillaen (32) also reported finding indications of definite
parthenogenetic development in freshly laid, infertile hens'
ezgs. The laat named author made a detailed study of freshly
laid, infertile eggs and presented fifty-six carefully made
drawings of the cell-like bodies which he found. Some of
these drawings showed the a@ell-like bodies in the proceess of
undergoing mitotic division.

Cell-like bodies in freshly laid infertile hens' eggs
were alsc observed by Barfurth (2). This author could find
no nuolei in these structures and therefore concluded that
they were not true cells but only the result of fragmentation.
Lillie (33) also eincluded that what had been reported to be
parthenogenesis in hens' eggs was only a type of fragmentation.

Hays and Nigolaides (27) examined sections of the
blastodiscs of freahly laid infertile hens' eggs for evidence
of parthenogenesis. Thege authors found nro cell-like structures

in their material and& concluded that parthenogenesis does not
occur in the sase of chicken eggs.
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Since all of these investigators used the blastodises
of either freshly 1aid infertile eggs or infertile eggs which
were several days old it is not surprising to find eonflieting
epinions as to whether or not parthenogenesis occurs in hens'
eggs. It has been shown in this study that fragmentation of‘
the blastodise is completed and the oell-like bodies have
songregated in a compact mass at the center of the blastodise
(fig. 49) previous to the time the egg 18 laid, It was further
shown that the blastodise of an infertile egg has reached a
stage of disintegration by the time the egg is laid where it
is ineapable of undergoing further development. It is impro-
bable therefore that infertile eggs would underge development
upen being incubated as has been reported by Oellacher (41),
Puval (17), and Lacaillon (32). Therefore in a study of
parthenogénesis or fragmentation premature uterine eggs should
be used rather than newly laid or older infertile eggs.,

In the couwrse of this study numerous cell-like structures
have been observed in eross sections of blastodises of infertile
uterine eggs obtained at 11:00 p. m. from the uteri of hens.
Some of these eell-like bodies contained nuclei in which chromatin
material could be observed. This shows that some sort of trans-

itional parthenogenetic development occurs in the case of infer-

tile birds' eggs.
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SUMMARY

The present study has dealt with the sequences of
developmental ochanges which occur in the hen's egg from the
time the egg forms in the ovary of the hen until it reaches
the uterus. It has been shown that the nucleus of the egg
which first oeccupies a sentral position in very young ooesytes
migrates towards the periphery of eell as the 66ll increases
in size, Forty-eight hours prior to the time of ovulation,
the nueleus or germinal vesiole is found in an extreme escoentrie
position near one edge of the ovum 8 few microns beneath the
vitelline membrane. The germinal vesicle at this period.is
relatively large and is found in the middle of a peripheral
layer of protoplasm called the blastodise. Approximately
twenty-four hours before the time of ovulation the walls of
the germinal vesicle begin to disintegrate. As the internal
pressure within the follicle increases the germinal vesicle
spreads in a lateral direction and its inmer surface becomes
somewhat flattened. Shortly before ovulation the wall of the
germinal vesicle completely breaks down allowing the fluid
eontents of this structure to spread laterally in a thin sheet
beneath the vitelline membrane. Accompanying this breakdown
of the germinal vesicle are other marked nuclear chenges. The
chromosomes which were formerly found in thin threads and
seattered throughout the nucleus are now found congregated
near the center of the germinal vesicle., The first matura-
tion division then ogcurs, the first polar body being extruded
while the egg 1is still in the ovary. The spindle for the

gecond maturation division is then formed after which time
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ovulatien ocours. The egg is fertilized when it enters the
infundibulum portion of the oviduet. The second polar body

is extruded following the penetration of the sperm and before
the fusion of the male and female pronuclei oeccurs. The first
segmentation division osours as the egg enters the isthmus por-
tion of the oviduet. This is followed in approximately fifteen
to thirty minutes by the formation of the second cleavage furrow.
Upon entering the uterus portion of the oviduct the egg under-
goes further development. In this region all the early
cleavage stages from the sixteen-oell stage to the 240-cell
atage osocur in a space of four hours.

If an egg is not fertilized as it enters the ovidust it
passes into what might be considered a dormant condition. No
further visible ehanges occur in the blastodise until the egg
enters the uterus,

Fragmentation of the blastodise begins approximately
four to five howrs after the infertile egg has entered the uterus.
This fragmentation eontipnues until the blastodise has been sub-
divided into many small cell-like bodies some of which are
nucleated olosely resembling true cells in appearance. These
small portions of protoplasm congregate near the center of the
blastodise as a dense white mass, when the fragmentation of
the blastodisc has been completed. This fragmentation of the
protoplasm and the congregation of the oell-like bodies at the
center of the blastodise takes place prior to time of laying.

This study has shown that when infertile eggs have reached
this stage of disintegration the protoplasm is inecapable of
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further development. Infertile eggs, however, taken from
the uterus five to seven hours after the estimated time of
evalation oan be artifieially impregnated and indueed %o

undergo further development.
CONCLUSIONS

The following conclusions are based upon the study of
serial seotions and whole mount preparatien of more than
two hundred blastodises of ovarian and ovidueal eggs in
various stages of development.

1. The nueleus or germinsal vesicle of the egg of the
domestio fowl begins disintegrating spproximately twenty-
four hours prior to the time of ovulation. As more yolk is
added, there is an inerease in the internal pressure within
the folliele cauving the fluid contents of the germinal
vesiele to spread laterally in a thin sheet just beneath the
vitelline membrane. At the time of ovulation only rudiments
of the germinal vesiocle can be found.

2. The first polar body is extruded and the spindle
of the second polar body formed before ovulation occurs.

3. The first polar body increases in size after being
extruded from the egg. The first polar bodies found in
different freshly ovulated yolks vary greatly in size and
shape. Those found in freshly ovulated yolks avereaged 20,3
microns in length, 7.4 microns in depth, and 10 microns in
width. This is approximately four times the size of the

game struetuwres found in pigeon eggs.
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4. The egg is normally fertilized within fifteen
minutes after ovulation and while the egg is in the infundi-
bulum. These studies have shown that only three or four
sperm enter the egg at time of fertiligation whieh is in
aceord with the observations of Patterson (47).

5. The second polar body is extruded from the egg
after the entrance of the sperm. This faot was demonstrated
in the case of artificially impregnated uterine eggs as well
as8 in cases of natural fertilization.

6. The first cleavage plane appears in surface view
about the time the egg is entering the isthmus portion of the
oeviduet whieh is approximately three and one-half hours after
the time of ovulation. The fouwr- and eight-cell cleavage
stages also ocour while the egg is in the isthmus. No
aeeesSsory cleavage was observed at two- and four-cell stages
as was reported by Patterson (47).

7. Infertile uterine eggé begin fragmentation three
to four hours after entering the uterus. The fragmentation
furrows subdivide the protoplasm in much the same manner as .
true cleavage resulting in the formation of nucleated and
non-nucleated cell-like bodies. These fragments eventually
congregate at the center of the blastodisc forming a dense
white mass of protoplasm. The blastodises of such eggs are
incapable of resuming development even though the proper
gtimulus is applied.

8. Infertile, non-fragmented, uterine eggs can be
artificiall& impregnated with semen and csused to resume

their development.
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EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 1

Fig., 1 - Cross sectional view of a very young ovarian folli-
cle with its relatively large and eéntrally located
nuecleus. (Dia. of follicle .09 mm. Dia. of nueleus
.036 mm.) 720 x

Fig, 2 - Cross sectional view of a young ovarian follicle.
(Dia. of follicle .41 mm. Dia. of nucleus .09 mm.)
75 x '

Fig. 3 - Cross sectional view of a slightly older ovarian
follicle showing the nucleus in an ecmentrioc posi-
tion within the egg. (Dia. of follicle 1.7 mm.
pia. of nusleus .25 mm.) 60 x

Fig. 4 - Horizontal section of & blastodise of a nearly
mature, ovarian folliecle (33 mm. dia.) showing the
relative position and shape of the large germinal
vesicle within the blastodise (Germinal vesicle
370 microns in dia.) 756 x

Fig. 5 ~ Cross seetional view of a blastodisec of & nearly
mature ovarian folliecle showing the relatively
large germinal vesicle at the periphery of the egg
and in the eenter of the germinal dise. 756 x

Fig. 6 - Cross sectional view of germinal dise of an ovarisn
follicle 35 mm. in dia. Showing the initial stages
in the breakdown of the walls of the germinal vesi-

ale. 75 x
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EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 2

Fig. 7 - Cross sectional view of germinal dise of a mature
ovarian follicle (size 16 mm. dia.) showing the dis-
integration of walls of the germinal vesicle and the
chromatin-like residue. 360 x

Fig. 8 - Cross sectional view of the germinal dise of a mature
ovarian follicle (37 mm. in dia.) Jjust prier to ovula-
tion. This photograph shows the germinal veaicle
spreading laterally in a thin sheet bensath the vi-
telline membrane. 75 x

Fig. 9 - Cross gectional view of the germinal disc of a mature
ovarian follicle (37 mm. dia.) whish was removed from
the ovary one hour prior te the estimated time of ovu-
lation. This photomicrograph shows the chromatin
material near the eenter of the disintegrating germinal
vesicle. 360 x

Figs. 10 and 11 - Same gs above. 360 x

Fig.1l2 - Photomiorcgraph of a horizontal seetion of the germinal
vesicle of a mature ovarian follicle (36 mm. dia.)

showing eighteen tetrads near one edge of this stiue-
ture. 360 x

Figs,13 and 14 - Cross sectional views of two successive seec-
tions of the blastodise of a mature follicle (37 mm.
dia.) which was removed from the ovary just piier to

time of ovulation. These photographs show the ana-
phase stage of the formation of the first polar body,
The long axis of the spindle lies at right angles te

the surface of the egg. 7230 x
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EXPLANATION OF PHOTOMICROGRAFHS OF PLATE &

Figo 15 -

Figo lc -

Figs. 17,

Fig. 20 -

Fig. 21 -

Fig. 22 =

Cross sectional view of blastodisec of same egg as
represented in figures 13 and 14 showing another
view of the formation of the first polar body. 720 x
Cross sectional view of germinal dise of a mature
ovarian folliecle (36 mm. in dia,) showing the first
polar bedy. The polar body has been extruded from
the egg and lies in a small depression just beneath
the vitelline membrane., 360 x

18 and 19. Cross seetional views of the blastodises
of three freshly ovulated yolks from the body eavity.
Thege photographs show three first polar bodies lying
in depressions in the pretoplasm just beneath the vi-
telline membrane. 720 =x.

Cross sectional view of the germinal dise of a mature
ovarian follicle (37 mm. in dia.) Showing chromatin
material in each of the two small vaeuoles beneath
the vitelline membrane.

Cross sectional view of the blastodise of a freshly
ovulated yolk showing the male and female pronuclei
near the seoond polar body (male and female pronuelei
2,5 x 1.8 micrens). This photograph was taken of &
gection of the same blastodise es represented in

fig. 19. 360 x

Cross seetional view of a sestion of the blastodise

of a freshly ovulated yolk showing a male prenucleus.

(The pronucleus measured 2 x 1.8 microns) 360 x
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EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 4

Blastodisc of chieken egg showing first cleavage

plane. 18 x

Figs. 24 and 20 - Blastodises of chicken eggs showing four-

Figo 26 -

Fig. 28 -

cell stages, Eggs were rgmove& from isthmus
portion of oviduet. 18 X

Blastodisse of chicken egg showing six eells. Egg
removed from uterus at 4:30 p. m. or five hours
after the estimated time of ovulation., 18 x
Blastodise of chicken egg showing sixteen cells.
This egg was obtainéd from the uberus of a hen at
1:30 p. m. Or five hours after the estimated time
of ovulation. 12 x

Blastodisce of chicken egg showing approximately
thirty-two cells. This egg was obtained from the
uterus of a hen approximately six and one-half

hours after the estimated time of ovulation. 18 x
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EXPLANATION OF PHOTOMICROGRAPH OF PLATE 5

Figs. 289 and 30 ~ Segmented blastodise of hens' eggs each

appreximately thirty-two cells, Both of these

eggs were obtained at 3:00 p. m. or s8ix and one-

half hours after the estimated time of ovulation.

lB‘x

Figs. 31 and 38 - Blastodise of hens' eggs showing approxi-

Figo 38 -~

mately sixty-four qells. ihe blastodiags were
secured from eggs removed from the uterus six and
one-half hours and geven and one-half hours after
the estimated time of ovulation. 18 x

Blastodise showing approximately one hundred cells
in surface view (seventy-four central and twenty-
four marginel cells). This blastodise was from

an egg which was obtained at ‘3:10 P. m., Or six and
two~thirds hours after the estimated time of
ovulation. 18 x

Blastodise showing a late cleavage stage (probably
360 cells). This egg was obtained at 4:00 p. m. or
seven and one-half hours after the estimated time

of ovulation. 12 x
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EXPLANAT ION OEwEHOTOMICROGRAPHS OF PLATE g

Figs. 36 and 36 - Cross sectional viewg of the first eleavage
plane of two different naturally fertilized eggs.
One of these eggs was gecured from the albumen~
seocreting portion and one from the isthmus, 320 x

Fig., 37 - Cross gectional view of a blastodise whieh showed
thirty-two cells in surface view. 75 x

Fig. &8 = Cross gectional view of a blastodise of a naturally
fertilized egg whieh was obtained from the uterus
at 7:15 p. m. or eleven hours after the estimated
time of ovulation. Thie photograph shows a very
late cleavage stage. 75 x

Fig. 89 - Cross gectional view of a seotion of a blastodise
from an artificially impregnaﬁed egg showing the
second polar body and the large fusion nueleus,
This egg was incubated at 105° F, for twenty
minutes, 720 x

Fig. 40 - Blastodisc of an artifieially impregnated egg after
twenty-five minutes inoubation showing first cleav-
age plane. Thie photograph alse shows aceessory
cleavage about the periphery of'the blastedise. 12 x

Fig. 41 - Cross seotional view of the blastodisec of another
artificially impregnated egg showing 8 large polar
body. The round dark mass shown near the cenbter of
thig polar body is chromatin materisl. 320 x

Fig. 42 - Blastodisoe of an artificially impregnated egg showing
approximately sixteen cells. This egg was incubated
for thirty minutes at 105° F. 18 x



37

41

PLATE 6

38

42



63

Fig.

Fig.

Fig.

Fig.

43

44

45

46

EXPLANATION OF PHOTOMICROGRAPHS OF PLATE 7

- Blastodisc of an artificially impregnated egg
showing late cleavage. This egg was ineubated
for five hours and thirty-four minutes at 105° 7.
following impregnation. 18 x

- Blastodisc of an artifieially impregnated egg
showing late cleavage. This egg was incubated
for five and one-half hours at 105° F. following
impregnation. 18 x

-~ Cross sectional view of the blastodisc showing
cell formation. 756 x

- Blastodise of an artifieially impregnated egg
after being incubated for seven hours and

eleven minutes at 108° P, 21 x

Figs. 47 and 48. Cross sectional views of two blastodiscs

of artifieially impregnated eggs showing cell
formation. These uterine eggs were impregnated
by placing the sperm upon the vitelline membrane
directly over the germinal dise., The eggs were

then inoubated for five and one-half hours. 75 x
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Fig. 49 -

Fig.

Figo

Fig.

Fig.

Fig.

50

51

52

653

54

EXPLANATION OF PHOTOMICROGRAPH OF PIATE 8

Photograph of the yolk of a freshly laid infertile
egg showing the dense, white mass of protoplasm

in the center of the germinal dise. This condi-
tion which is a result of fragmentatién is ebar-
acteristiec for nearly all newly laid infert;le
eggs. Natural size.

Photograph of the yolk of a freshly laid fertile
egg showing the appearance of the blastodisc at .
the time of laying. Natural size.

Blastodisc of an infertile uterine egg showing the
beginning of fragmentation. This egg was obtained
at 8:00 p. m. or ten hours after the estimated. time
of ovulation. 12 x

Blastodisc of another infertile uterine egg showing
fragmentation. This egg was obtained at 8:30 p.m.
or ten hours after the estimated time of ovulation.
18 x.

Cross sestional view of the fragmented blastodise of
an infertile egg showing the cell-like structures,
This egg was obtained from the uterus at 11:30 p. m.
or fifteen hours after the estimated time of ovula-

tion. "5 X

Cross sectional view of the blastodisc of the same
infertile uterine egg shown in 53. This photograph
shows one of the many cell-like bodies of this
blastodise. The nusleus can be seen in this

particular cell, 730 x
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EXPLANATION OF PLATE 9

Drawings showing the progressive formation of frag-
mentation furrows in the blastodise of an

infertile egg.



PLATE 9



66

EXPFLANATION OF PIATE 10

Drawings showing the progressive formation of frag-
mentation furrows in the blastodise of a

second infertile egg.
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EXPLANATION OF PLATE 11

Carrier used to transfer tissues
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