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alamander turtie chicken

Series of vertebrate embryos in three successive and comparable stages of development. Top. All are much
alike in the earliest stage. Middle. Differentiation is evident, but the four mammals (at right) are quite similar.
Bottom. Later the distinctive characteristics of each become evident. (Afier Haeckel, 1891).

sl gl Gl B Gl 3y LAy e el N B e 3N IR s Al

Preformation. 17 Century idea of a human spermatozoan
which was supposed to contain a minute embryo. (from Needham, 1959.)
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Transverse section of an early 5™ — weck embryo, showing germ cells traveling to the urogenital ridge.
{Carnegie Collection, courtesy of Dr E. Witschi.)
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Ovum of a placental mammal. The ovumis a
large cell with organelles. The plasma membrane
projects as microvilli into the surrounding protein
membrane, the zona pellucida. Follicle cells arise
from the ovary in which the ovum initially resides

Follicle cells

Zona pellucida

and, depending on the species, they may or may
not accoripany the ovum at ovulation. Processes
of the follicle cells project to the suiface of the
ovum through the zona pellucida.

Wogond | LMsg B Aakaindly Aagld GHNI uf I

Ultrastructure of the oocyte, zona pellucida and follicular cells
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The male reproductive organs
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Gametogenesis

Primary span. atocyls {4C)

Secondary spermat.cﬁj‘te (2C} .

) Fertilization

LI

i

s

3 SF ' Zygote

Comparison of spermatogenesis and oogenesis. Primordial germ cells divide mitotically,
producing spermatogonia in males and cogoenia in females. These cells are diploid, containing two or
four genomes (2C or 4C), depending on their stage in the mitotic cycle. Before the gonia enter
meiosis, their DNA replicates. They are then called primary spermatocytes or oocytes. After the first
meiotic division, they contain two genomes {2C) and are called secondary spermatocytes or oocytes.
After the second meiotic division, they are haploid (1C) spermatids or eggs. Note that the two rounds
of meiosis produce four haploid spermatids, each of which develops into a spermatozoon, but only
one egq results from meiosis of a dipleid oagonium; the small polar bodies attached to the egg have
no known function.
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Human Spermatozoa and spermiogenesis
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Acrosoimal iy vesicle
membrang - —-— e LN
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|
Contenls |
i
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Nuclear
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{e

Acrosome reaction in sea urchin sperm. (a} Drawing of the head of an unreacted sperm, showing the
nucleus surrounded by the nuclear envelope, the acrosomal material surrounded by the acrosomal
membrane, and a subacrosomal space filled with G actin (short lines). The entire sperm is surrounded by the
plasma membrane. (b} When the sperm contacts the jelly coat of the egg. the acrosomal vesicle (acrosome)
undergoes exocytosis. Proteins {small dots) released from the acrosomal vesicle dissolve the jelly coat. (¢)
The acrosomal process extends and remains covered with acrosomal material, which adheres to the vitelline
envelope. (d) Sperm-egg plasma membrane contact after lysis of the viteline membrane. Bindin is the
substance that enables the sperm to adhere to the egg. (e) Plasma membrane fusion and beginning of
sperm entry into the egg.

Acrosome

Spermi plasina____

membrane Vesiculated Antenor sperm plasma
membrane mieinbrane derived
from inner acrosomal

Inner acrosomnal membrane

membrane

Outer acrosomal

membrane

Nucleus ..

Centriole

(a)

Acrosome reation in mammals. (a) Transmission electron micrograph of a hamster sperm before the
acrosome reaction. A = acrosome. (b) Drawing of sperm head before acrosome reaction, with sperm plasma
and acrosomal vesicle intact. (¢) During the acrosome reaction, the sperm plasma membrane and the outer
acrosomal membrane fuse at many places, forming numerous vesicles. (d) The anterior sperm plasma
membrane, visible after the acrosome reaction, is derived from part of the inner acrosomal membrane.
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Corona radiata cclls

Release acrosomal
contents \ ) /

Polar body
in division

Inner acrosomal

AcTosome membrane

Secondary oocyte in
2nd meiotic
division

Sperm
nuclens Plasma

membrane

Fusion cocyte and
sperm eell membranes

Schematic representation of the three phases of oocyte penetration. In phase 1 the
spermatozoa break through the corona radiata barrier; the corona radiata barrier; in 2 phase 2 one
or more spermatozoa penetrate in the zona pellucida; in phase 3 one spermatozoon penetrates
through the oocyte membrane, thereby losing its own plasma membrane.

Corona radiata First polar body

(a) {b) (c}

Fertilization. (a) Each sperm is thought to
release a small amount of enzyme that helps to
disperse the follicle cells surrounding the ovum. (b)
After a sperm cell enters it, the oocyte completes its
second meiotic division, producing an ovum and a
polar body. {c) Pronuclei of sperm and ovum
combine, producing a zygote with the diploid (d)
number of chromosomes. (d) A scanning electron
micrograph of a sperm cell fertilizing a hamster
ovum. (d, David Phillips/Visuals Unlimited).
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Formation of the cortical granules

Cortical reaction and fertilization-membrane elevation in the sea urchin

Japonicus. A Unfertilized egg. b Fusion of egg plasma membrane and membrane of cortical granule with
beginning of release of granule contents. ¢ Adhesion of electron-opaque material to the vitelline membrane
now lifted up; complete fusion of this material with the membrane will give rise to the fertilization membrane.
Other material of the cortical granules is expelled into the perivitelline space, while other contents remain
close to the egg surface to form the hyaline layer. d The egg surface upon completion of the events. [After Y.
Endo, Exp. Cell Res., 25:383 (1961).]
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e
. _/
it s ] P e  — Hyaline layer
vitelline envelope ——! R o

to cell membrane

j \\—//—*——'— Egg cell membrane .

Cortieal granulc

Schematic diagram showing the events leading to the formation of the fertilization membrane and the
hyaline layer. As cortical granules burst, they release peptidases, which cleave the bonds joining the viteliine
envelope to the cell membrane. Mucopolysaccharides released y the cortical granules form an osmotic
gradient, thereby causing water to enter and swell the space between the vitelline envelope and the cell
membrane. Other enzymes released from the cortical granules act to harden the fertilization membrane and
to release sperm bound to it. (Modified from Austin, 1965.)
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Superficial cleavage in a
Drosophila embryo. The numeral
above each embryo corresponds
to the number of minutes after
deposition of the egg; the numeral
at the bottom indicates the number
of nuclei fenergids) present. Pole
cells (which will form the germ
cells) are seen at the 512-nuclei
stage even though the cellular
blastoderm does not form until
nearly 3 hours later. (Modified
from Zalokar and Erk, 1976.)
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Mature tunicate. Water and food are taken into the large barrel-shaped pharynx by way of the
incurrent siphon. The food is mixed with mucus and enters the stomach; the water moves through
the gill slits into the atrial cavity, eventually passing to the outsid by way of the excurrent siphon.

soae
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SNy

Eye spot 4aie 4ni;
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“Tadpole” larva of some tunicates has a tiny brain and a dorsal hollow never cord. A notochord
is present in the well developed tail and gill slits in pharynx. After swimming about, the larva
attches itself to a suitable substratum. Undergoes metamorphosis, and develops into the sessile
adult.
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Ascidia: Deve;opment, Free-swimming larva of Ascida mummillata, lateral view. adh. Adhesive
papillae; ali. alimentary canal; atr. Atrial aperture; cil. div. Ciliated diverticulum. becoming ciliated
funncl; end. endostyle; eye; med. nerve-cord (ganglion of trunk); noto. notochord; oto. otocyst;
sens. ves. sense-vesicle; stig. earlist stigmata. (From Koreschclt and Heider, after Kovalevsky.).
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Ascidia: Development, Metamorphosis of the free-tailed larva into the fixed ascidian. A., stage of free-swimming
larva; B, larva recently fixed; C, older fixed stag. Adh. Adhcsive papilla; atr. Atrial cavity; cil. div. Ciliatcd
diverticulum. becoming ciliated funnel; end endostyle: t, heart;, med. ganglion of trunk; n. gn. nerve-ganglion; noto-
chord; or. oral aperturc; rcct. rectum: scns. ves. scnse-vesicle; stig. stigmata; stol. stolon; t. tail. (From Korschelt and

Heider, after Seefiger.)
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DUk g oty elis 8 las
AMPHIOXUS AMPHIBIAN BIRD MAMMAL

J

A

before cleavage

N /
i
L Zona pellucida
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it
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2-celled

8-celled 4-celled

blastula-exterior

— {rophobiast
i.- inner cell mass

blastula-vertical

-

Early gasirula

,_,)(you( A
— T

Sample stages of cleavage and gastrulation in cggs of chordates. A. amphioxus, ¢leavage holoblastic, little yolk:
egg diameter 0.1 mm. (dfier Hatschek) B. Amphibian (frog), modified holoblastic cleavage, much yolk; diameter 2
mn. (Farious sources.y C. Bird, meroblastic discoid cleavage in small blastodisc on large yolk mass; diameter 30 mm.
{(After Blount; and Patten, Early embryology of the chick, McGraw-Hill Book Company.) D. Mammal, cleavage
holoblastic, practically no yolk; an outer trophoblast and an inner cell mass formed in blastula; gastrula formed by
migration of endoderm cells from inner cell mass (involution); egg surrounded during early cleavage byzona pellucida
{from Graafian follicle of ovary), which later disappcars. (4fter Gregory; and Patten, Embrvology of the Pig, Mc-Graw-
Hill Book Company.)
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in the median plane. A Earliest stage of neurulation. C, almost completed neuruia; D, slightly later
stage than C but cut paramedially so that the right row of mesodermal segments can be seen; E,
completed neurula whole, seen from the dorsal side. The transparency of the embryo allows one to
see at the same time the various parts superimposed over one another (neural tube notochord
mesodermal segments and gut). (From Conklin. 1932).
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{a) Hagfish

Atretic cocyte

(b) Teleost

Fish ovaries. (a) Hagfish. Oocytes and
surrounding follicle celts are held within the
ovary. {b) Teleost. Section of the ovary of the
Juppy Poecilia reticulata. Qva are fertilized
while they are within the ovary, andthey are

Blastomeres

Cleavage slage

Mesentery

Alrctic oocyte

Primary cocyte

retained well into embryonic ‘development.
There can be one to seven oocytes in
progressive stages of development. Atretic
oocytes that fail to develop and developing
embryos are illustrated.

Embryonic shicld

Blastula stage
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Gastrulation

As the blastoderm continues to expand over the yolk, its cells pile up at the
periphery at the expense of the centre. The central thin area of the blastoderm
is the extra-embryonic membrane which will form yolk sac epithelium. The
thickened rim is the germ ring. The thickening of the rim is greater at one
portion of the blastoderm. Forming the embryonic shield. This is the region of
the future embryo, and it is here that gastrulation begins.

As gastrulation continues, the embryonic shield enlarges by the addition of
cells anteriorly, laterally and posteriorly. There is a further accumulation of fine
droplets at the vegetal pole, at the future site of the closure of the blastopore.

The gastrula has expanded to cover one-half of the yolk. The germ ring is
little if any wider but the embryonic shield and axis have extended with epiboly.
The latter is about one-sixth the circumference of the egg in length. (A refractive
streak of cells is visible in the midline of the shield; this is the solid keel which
forms the beginning of the central nervous system.)
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The extra-embryonic ectoderm covers three-fourths of the surface of the
yolk. {As the blastoderm continues to expand over the yolk, gastrulation
continues, and the shield narrows; the keel of the central nervous system is
more clearly marked.)

The blastopore is reduced to a small opening through which the yolk may
bulge. The embryonic axis is well defined with some condensation of tissue
along its lateral margins. The optic vesicles are present but rudimentary. The
embrycnic keel is prominent.

The closure of the blastopore is complete. The main divisions of the brain,
the forebrain, midbrain, and hindbrain, are distinguishable with a well defined
keel, ventral to the brain, indenting the yolk sac. There is an increased but
variable condensation of cells lateral to the embryonic axis in the location of the
future anterior somites. Kupffer's vesicle appears as the embryos advance
towards the next stage. The ectoderm lifts to form a large vesicle anterior to the
head, possibly the forerunner of the pericardial cavity.
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Tail bud stage

Segmentation stage
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end of hatching stage
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Schematic diagrams illustrating various stages of the embryonic development of silver carp.

32




Mmgﬁﬂfswfw@‘gbﬁ

This is a transition stage from the embryonic to the larval state with the complete
absorption of the yolk. The operculum and pectoral fins are almost continuously
rhythmically active. The swim bladder has increased in size and the embryos
commonly swim at the surface of the water, but will swim to the bottom of the aquarium
if disturbed, the pectoral fins being in constant motion. (The designation of the stage
where the yolk is absorbed as the final step of the series is purely arbitrary; it must not
be though that at this stage the fry are miniature aduits. Many more changes must
ensue bhefore adult proportions are attained: skin and scales must be differentiated,
much of the skull and axial skeleton remains to be elaborated, the definitive pigment
pattern is yet to be laid down, and the anal fins are still to be formed, to mention only a
few of these changes. In addition the body as a whole is to undergo considerable
change of proportion, and its parts varying degrees of heterogonic growth. Since all
these processes are gradual and a continuation of the earlier processes described,
there can be chosen no exact moment when the embryoc metamorphoses into an adult.
The stage of youlk absorption is a convenient stopping place because the primitive
organ systems are all represented at this stage.}
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Diagram of hypophysis action
and migration of the gametes in the
frog. The male situation is shown on
the left, that for the female on the
right. B brain; Hy hypophysis; G
gonadotropic hormone; T testis; K
kidney; S sperm duct, UB urinary
bladder; F funnel; CB ciliary bands;
O ovary; Od oviduct; U uterus; Cl
cloaca :

a Part of the egg mass of the common European frog. b Strings of toad eggs stretched
between plant stems. ¢ Two newt eggs under leaves of a water plant. d Larva removed from the
oviduct of an alpine salamander, showing the extreme development of the gills (G)
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Fertilization of a frog’s egg occurs in shallow water. When ¢
sperm {1) from the male penetrates the egg, the seconc
potar body (2) forms. The sperm leaves a trail (3) caused by
the displacement of granules in a layer of pigment. The
nuciei of the sperm and egg fuse, forming a zygote @).
Penetration by the sperm induces a shift in the pigment
layer, resulting in the formation of a gray crescent B)
opposite the point of entry, which determines the first line of
cleavage (68). Successive divisions (7) form a ball of cells.
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Anura: Ovoviviparity. In the Surinam Toad (Pipa
dorsigera) the eggs are lodged in lidded pits in the
dorsal surface of the female. (After Mivart.)
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Anura: Pseudo-placentation. Gaseous exchanges occur between the maternal tissues and the
expanded, leaf-like tail of the pouch larva of Pipa dorsigera. (After Amoroso).
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midgastrula Lale gastrula Neural plate

External view of anuran development. Beginning with
fertilization (1), morula (6-8), biastula (9 and 10}, gastrula
(11 and 12), and neurula (13-16) stages follow
successively. In later development, the tail bud forms (17),
muscular twitches begin (18), heartbeat commences (19),
functional external gills develop (20), and blood circulation

2cells

32 cells Mideleavage
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g L
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Gill cieculation Opereulum development

4 cells 8 cells

Rotation

19

Muscular response Heartbeal

Limb bud

occurs through the caudal fin. Subsequent events
include the fermation of an operculum (24), a flap of
head skin that grows over and covers the gills. The
hindlimbs develop first and then the forelimbs.
Eventually the embryo undergoes metamorphosis
into a juvenile frog. Stages between 20-24 are not
illustrated.
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Cleavage of a frog egqg. Cleavage furrows are designated by Roman numerals in order of
appearance, The vegetal yolk impedes the cleavage such that the second division begins in the
animal region of the egg before the first division has divided the vegetal cytoplasm. The third
division (C) is displaced toward the animal pole. The vegetal hemisphere ultimately contains longer
and fewer blastomeres than the animal half. (After Carlson, 1981.)
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Maps of the presumptive regions of the very young gastrula of the anuran, Discoglossus, (a)
side view. (b) dorsal view. [Redrawn from Jean Pasteels; New observations concerning maps of
presumptive areas of the young amphibian gastrula (Amblystoma and Discoglossus). Journal of
Experimental Zoology 89:255-251 (1943). Used with permission of the Wistar Institute Press.]
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Sagittal section of the open neural fold stage. (Redrawn and modified after Huettner.)
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Reconstruction of the S mm. Tadpole in sagittal section
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T. s. of the gill region of enternal gill frog larva

Hind Brain —— Cerebellum
Ay

VIt th Cranil Nerve — — Optic Lobe

Parachordal Cartilage — ——— Ductus Endolymphaticus

- w——eeee—— Semigcircular Canal

Internal Carotid Artery ————._

o = Notochord (Rcmains)

Jugular vein - —— —— Auditory Capsule

Jugular or Pharyngeal Body -
A lymphoid organ. much
larger than the thymus, and
found only in the Anura at
metamorphasis

Articular Process of
Palato - Quadrate

Efferent Aortic Arch

__1—

Thyroid process of
Hypobranchial Plate

6™ Visceral Arch
(4" Branchial)

Lymph Sinus — - —

3" Visceral Arch )
[ II\
(1*' Branchial)

4" Visceral Arch——"

——— Dorsal Velar Plate
- — Ventral Velar Plate
— Gill Rakers

" J 2" Branchial Cleft

T ——--- Afferent Aortic Arches

e

-— Gill Filaments
- —— 5" Visceral Arch

Intemnal Gills -—-—-—

Opercular Chamber ——— Operculum —/ / \\ = . . //
1nanm~.&=z..|l\||\. / / 5 /’.‘\ 4" Branchial Cleft
Pericardial Cavity -/ Auricle

Auriculo-Ventricular Valve —- — /I‘- Ventriele

51




ATLAS OF EMBRYOLOGY

1 il D13 i B ) el Wil 5. € -5

T. s. of the gill region of enternal gill frog larva
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Intermediate spongy layer of epidermis
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Development of skin of frog. A-Section of skin of carly neurula; B-Section of skin of carly tadpolc; C-Section of skin of
mature tadpole; D-Section of skin of a just metamorphosed frog (after Nelson, 1953). E. Scetion of skin of a frog.
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Late development of the brain of the frog tadpole. (Top) Pre-metamorphic stage. (Bottom) Adult brain,
schematized, reduced in size.
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Development of the spinal cord of the frog. (Top) Spinal cord of the Tmm. larva. (Botton) Spinal cord
just before metamorphosis.
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Relation of the spinal and the sympathetic nervous systems.
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Schematic diagram showing the motor components of the cranial nerves. The nuclei of origin
are shown 1o be located within fairly definite regions along the anteroposterior axis of the
vertebrate brain. Somatic motor fibers are shown in solid black; special visceral motor fibers are
indicated in black with white circles; general visceral motor fibers are black with white markings.
[From O. E. Nelsen, "Comparative Embryology of the Vertebrates,” McGraw-Hill, 1953.]
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The induction process during early amphibian development in head region. The inductive
action starts from the anterior part of archenteron roof (inductor of first degree-primary inductor),
the inductors of second, third and following degrees effect the process by their own actions. The
different sirengths of the inductive actions are indicated by thick and broken arrows (after Berrill,
1971).
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Origin of limb-mesoderm and formation
of alimb-bud of an amphibian embryo.
(after Balinsky, 1970).

Differentiation of a limb-bud
into hind-bud into hind-limb
of a vertebrate embryo
{after Balinsky, 1970).
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Development of the eye of the frog.
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The amphibian eye and its accommodation. A anuran eye in vertical section. B, anterior

segment of Bufo in relaxation. C, in accommodation; note forward movement of lens. (From walls
1942).
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Development of the auditory apparatus of the frog. (Redrawn after Krause.)
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Origin of the lateral line sense organ system in the frog larva.
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Development of the olfactory organ of the frog. (Top, left) Sagittal section through the olfactory
placode and nerve. (Top, right) Posterior transverse section through the choanal canal, (Bottom)
Schematic reconstruction of the embryonic olfactory organ.
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T. S. of a young tadpole through trunk region showing differentiation of mesoderm

(after Hucttner. 1949).
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Development of the heart of the frog embryo.
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Heart rudiment of frog (and all vertebrates) develops as longitudial tube that differentiates into
four heart chambers. A, Starting at the posterior end, they are sinus venosus, S; atrium. A; ventricle.
V; and conus arteriosus. C. The heart tube bends on itself, B, forming an S-shaped structure, C. As a
result of the bending, the atrium’s final position is dorsal and anterior to the ventricle, D,
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Blood vascular system of the developing frog embryo. (Top) Early embryo, from the right side.
(Bottom) Late frog embryo, from the right side.
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Larval respiration in the frog. (Top) Development of the external gills. (Center) Changes from
internal to external gill circulation.
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71




ATLAS OF EMBRYOLOGY

Antcrior cardinal ) .
Posterior cardinal

Otic vesicle vein
mfundibulum ' iﬂhmdbmm : vein Splnal cord hord
; N SP'“ | gang J Dorsal aora | notochor
nndbram\ ; pmncphlm e

plphysx:/ ‘\/\a\‘

prosencgphdlon /‘x A

_f_;_.___J 7 \

N ‘1 . E\l[\mrlliil . \.‘.i‘s\

‘wm,:'_j\ e ] ' sea——
Optic cup t/ : = oy =
; , -

%

Ollactory pll
hypopysis
stomodeum

Pronephric duct
opemng into the

Furst branchial ‘ £ - cloaca
aoral arch [ / - ’ Vitclline
bud e 4.t ;
roid . T £ arlcries
thy 0[ mal liver diverticulum ! (A)
exle | o~ .
jugular vein cemmon J Vitelliue vein
JuBu cardinal veiu mesodcrm
ransverse  (gyet of Cuvier)
seplum
Third branchial
aortal arch
First branchial &
aortal arch

Lefi division
Right division

Bulbus cordis

o Y= lgab dud) 21 3p 3.5 .8

(A) Drawing of 6-7 mm frog tadpole (From Comparative Embryology of the Vertebrates by Olin
E.Nelson. Copyright 1953 by the Blakiston Co. Inc. Used with permission of McGraw-Hill Book
Company. (B) Drawing of the aortic arches of 6-7 mm frog tadpole.
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10-mm frog tadpoele (Witschi stage 24), transverse section through eyes
{mag. 50X)
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10-mm frog tadpoele (Witschi stage 24), transverse section through heart
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10-mm frog tadpole (Witschi stage 24), transverse section through liver (mag. 50X)
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The female reporductive system of the fowl (After Coste-Diuval.)
The figure shows two eggs in the oviduet, though normally only one is
in the oviduct atatime. A, albumen (dense laver); B, blastodermy; C,
cicatrix; ¢l, cloaca; F, follicle from which egg has been discharged; (5,
Glandular portion of oviduct, I, isthmus; 0,-O4, ovarian ova in
_ different stages of growth, each enclosed in a follicle richly supplicd
4" with blood vessels; O,, ovum in upper end of oviduct; O, ovum in
middle portion of oviduct, which has been cut open to show the ovum
in position; Os, ostium {infundibulum) of oviduct; Ov, ovary, R,
rectum, U, uterus. (From H. L. Wieman, An Introduction to Verrebrate
Embryology. Copyright 1949 by McGraw-Hill Book Co. Used with
permission of McGraw-Hill Book Co.)

o1
Os

albumen:
chalaziferous layer
mner thin layer .
thick fibrous layer
outer thin tayer
chalaze

blasiodenn

vitelling membrane u

I
weight of epg yolk in grams

shell membrane

shell and cuticle

days before laying

el (p0 lgrg 3 v Al A Cuf y

Growth and composition of hen’s Egg before incubation. (Weight curve of ovocyte during 18 days
preceding laying, after Gerhartz 1914.) The cells of the blastoderm arc drawn relatively too large in size and
too few in number. White yolk is lightly strippled, yellow yolk is heavily stippled (the central white yolk is
called latebra of Purkinje, that below the blastoderm nucleus of Pander). Egg yolk, being relatively lighter
that egg white, tends to float toward the highest part of the sheil. (From Development of the Vertebrates, by
Emil Witschi, Copyright © 1956 by W. B. Saunders Company. Used with permission of the W. B. Saunders
Company, a division of CBS College Publishing.)
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Diagram showing the structure of a bird ovum still in the ovary. (Modified from Lillie, after
Patterson.) The section shows a follicle containing a nearly mature ovum, together with a small area of
the adjacent ovarian tissue,
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stage. (E, e) 32+~ cell stage. (F, f) [54%-cell
stage. (f") Diagrammatic hemisection of
blastoderm of 154= cells,

Marginal
cells




ATLAS OF EMBRYOLOGY

5 7l e o el oS D0 i G S G 255

Cephalic
o ... Arcaopaca
— ‘_;‘_‘___,___,,, Area pellucida
e e e Thickened area of
epiblast
(‘d) Caudal
3-4h
-
(b)
it e —— Primitive streak
10-12h
RS
“‘\"\.
I Hensen’s node
Fk—"_—— Primitive pil
S ‘
/AN Primilive groove
\ - Primitive ridge
¥
3
(¢}
16 h
.,/""‘-\\\
| I
r \\ ‘<
(d) APKK
WA | A
S | A
T

Primitive streak formation in the chicken embryo. All drawings show dorsal views of the epiblast.
Most of the large uncleaved yolk has been omitted. {a) 3-4 h incubation. (b) 10-12 h incubation. (c) 16 h
incubation. (d) Interpretative diagram of cell movements.
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T e e L T L marginal zone

. T tem e e i M S ’77‘,-‘__:
P / '_“.‘"‘fr'-_- TR _ Formation of the two-layered
opaca Subgerminal space T ek Lo blastoderm of the chick embryo. The first
Hypoblast cells hypoblast cells delaminate individually to
/ delaminating from form islands of cells beneath the epiblast.

Cells from the posterior margin (Koller’s
sickle and the posterior marginal celis
behind it) produce a population of cells
that migrates beneath the blastodisc and
incorporates the polyinvagination islands.
This bottom layer becomes the hypoblast.
The upper layer is the epiblast. As the
hypoblast moves anteriorly, epiblast cells
collect at the region anterior to Koller’s
sickle to form the primitive streak.

/ cpiblast

Hypablast eells migrating
from deep cells of the
poslerior region

Sl cpuicr 5 bWl ol 153055 £ L3 T Bnoy2gquli¥ T USRI &5 >

Morphogenetic movements during faregut formation. When labelled cells were followed in the
endoderm of the chick embryo, two types of cell movement were found. (a) ‘2-dimensional’, which
stayed in the original plane: black arrows; (b} ‘3-dimensional’, which moved ventrally: dotted arrows.
A. headfold stage. B. two later stages, Bath A and B are viewed from the ventral (endodermal) side.
(From Bellairs, 1953.)
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Anterior half of the area pellucida of a chick embryo cut transversely to show the migration of
mesodermal and endodermal cells from the primitive streak. (From An Introduction to Embryology, 5°
edition, by B. 1. Balinsky, assisted by B. C. Babian. Copyright © 1981 by CBS College Publishing.
Reprinted by permission of W. B. Saunders, a division of CBS College Publishing.)
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Diagrams of transverse sections of a 4-day chick. The location of the sections is indicated on a small
outline sketch of the entire embryo.
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Later stages of development of the chick embryo:(a) primitive streak stage (end of first day}); (b} foregut
established {end of second day; (¢) foregut, midgut, and hindgut established (about 3 days); (d) foregut and
hindgut increased in length at expense ofmidgut; yolk stalk formed. (With permission from B, M. Patten,

Early Embryology of the Chick. McGraw-Hill, New York, 1951.)
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Drawings from transverse sections to show the differentiation of thesomites. (A) Second somite of a 4-
somite chick; (B) ninth somite of a 12-somite chick; (C) twentieth somite of a 30-somite chick; (D)
seventeenth somite of a 33-somite chick.
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prosencephalon

optic vesicles

mesenccphalon
oplic vesicles

rhembencephalon

@ Somite [

Spinal cord

Early development of the brain of the chick.a Dorsal view at 7 pairs of somites. b Dorsal view at 1]
pairs of somites. ¢ Dorsal view at 14 pairs of somites. d Lateral view at about 75 to 80 hours of incubation.
[a-d From O. E. Nelsen, “Comparative Embryology of the Vertebrates,” McGraw-Hill,1953.] e Ventral view
of a chick embryo of 9 somites (29 to 30 hours) showing the development of the cephalic region and other
anterior structures. [From B. M. Patten and B. M. Carlson, “Foundations of Embryology,3™ ed., McGraw-
Hill, 1974.]
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-]
neural lube neural cTests superficial
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neural tube ncural crests  superficial
cctoderm
c
neural tube nenral crests superficial
ecloderm

Transverse sections to show the origin of neural-crest cells, The location of the area drawn is indicated
on the small sketch to the left of each drawing. a Anterior thombencephalic region of 30-hour chick. b
Posterior rhombencephalic region of 36-hour chick. ¢ Middorsal region of cord in 55-hour chick. [From B.
M. Patten and B. M. Carlson, “Foundations of Embryology,”3™ ed., McGraw-Hill, 1974.]

neural crests

dermatome

el B T IS 6 yoxin
Neural crest. Direction in which labelled cells were found to migrate in the chick embryo.
(After Weston, 1963.)
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(B) Two blood islands are formed.
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(C) An early capillary is formed. The undifferentiated mesenchymal
cells form the primitive blood cells and the endothelial lining of
the early capillary.
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Drawing to show nephric tubules. (A) Drawing from transverse section through twelfth somite of 16-somite
chick to show pronephric tubule. (After Lillie.) (B) Schematic diagram of functional pronephric tubule.
(After Wiedersheim.) (C) Drawing from transverse section through seventeenth somite of 30-somite chick to
show primitive mesonephric tubule. (D) Schematic diagram of functional mesonephric tubule of primitive
type. (After Wiedersheim.)
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Primordial germ cells
enter prinutive gonad

Schematic sections through midregion of young chick embryos illustrating the migratory pathway of
primordial germ cells, A and B, Germ cells originate in extraembryonic endoderm and migrate by way of

blood vessels to region of gonadal primordia. C, Cells travel through dorsal mesentery to site of primitive
gonad, D.
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A) The aortic arches of the chick embryo,
B) The arteries of the adult chick.
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Bilateral origin of the heart during early stages in the development of the chick embryo. A-D:
successive positions occupied by heart-forming tissues at Hamburger — Hamilton stages 6-, 8-, 8+, and 10+,
repectively. (Adapted from R. L. DeHaan, Acta Embryol. Et Morphol. Exptl., 6 : 26-38, 1963.)
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Schematic diagrams of cross sections at various stages to show the establishment of the coelom and
mesenteries.
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Diagram of the lungs and air sac rudiments in the ten-day chick embryo
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Diagram of the lungs and air sacs in the adult chicken
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Development of digits in the hindlimb of a chick embryo. The
undergoing necrosis are shown by stippling.
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The development of the wing A. Six-day embryo, B. Eight-day embryo, C. Twelve-day embryo
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Schematic diagrams to show the extraembryonic membranes of the chick. (After Duval.) The diagrams
represent longitudinal sections through the entire egg. The body of the embryo, being oriented approximately
at right angles to the long axis of the egg, is cut transversely. a, embryo of about 2 days incubation, b,
embryo of about 3 days incubation. ¢, embryo of about 5 days incubation. d, embryo of about 14 days
incubation. (From B. M. Patten, Early Embryology of the Chick. Copyright 1951 by McGraw-Hill Book Co.
Copyright renewed 1957 by B. M. Patten. Used with permission of McGraw-Hill Book Co.)
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Superficial -
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- Deep dermis

Stages in the formation of a scale in the bird. (A) Placode stage; (B) asymmetrical placode stage; (C)
hump stage; (D) definitive scale ridge stage; (E) mature scale.

(After Sawyer, 1972, J. Exp. Zool,, 181:367.)
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Schematic diagram showing the arrangement of main circulatory channels in a 4-day chick embryo. The
sites of some of the extracmbryonic interchanges important in its physiology are indicated by the labeling.
The vessels within the embryo carry food and oxygen to all its growing tissues, and relieve them of the waste
products incident to their metabolism. Abbreviations: AOM, omphalomesenteric (vitelline) artery; VOM,
omphalomesenteric (vitelline) vein, [From B. M. Patten, The first heart beats and the beginning of embryonic
circulation. American Scientist 39:225 (1951). Used with permission of American Scientist.]
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Chick of about 5 4 days’ incubation taken out of

the shell with yolk intact. (Modified from Kerr.) The

Embryo albumen and the serosa have been removed to expose

‘ the embryo lying within the amnion. The allantois has

been displaced upward in order to show the relations

of the allantoic stalk. Compare this figure with figure

11-1, C, which shows schematically the relations of

the membranes in a section through an embryo of
similar age.
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Stages in Development of the Chick Embryo (From V. Hamburger and H.L. Hamilton, 1951, J. Morph. 88:49-92.
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Chorioaliantoic
memhrane

Film

Inner shell membrane

Quter shell membrane

Respiration in the chicken embryo. (a} While
the chick embryo is enclosed in its shell, it respires
through this porous shell. The chorioallantois
carries blood to the inner surface of the shell to
exchange gases at this interface. The shell proper is
made up of calcite crystals pierced by tiny pores.
Inner and outer shell membranes separate the shell
from the vascularized chorioallantois. The chick
embryo meets all its respiratory needs, up to day
19 of incubation, as air passes through the porous
shell and exchanges gases with blood in the

chorioallantois. (b) On day 19, the embryo pokes
its beak through the inner shell membrane into the
air space between both membranes. Its lungs
inflate, and the chick breathes air in addition to
continued respiration via the chorioallantois. (c)
Six hours later, the chick pecks through the sheil
proper, a process termed pipping, to breathe
atmospheric air directly. Thereafter,
chorioallantoic respiration declines and the chick
further cracks the shell and soon steps out.
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Diagrams showing development of mouse embryo from 10 % to 16 % Days

From R. Rugh. Vertebrate Embryology. 1964. Harcourt, Brace and World, New York.
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Semischematic coronal sections through dorsal region of young embryos to show how vertebrae become
intermyotomal in position. Note that the primordium of a centrum is formed by cells originating from

sclerotomes of both adjacent pairs of somites.
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T. s. of a mammalian embryo
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Ovulation and the transport of embryo to uterus

l6.cell morula  2-cell embryo First mitotic Zygote
58-cell blastocyst (3 days) {1 % days) division {pronuclear slage)
(4 days) ! | t |
e — ‘ ! | ;
e Zona
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A2 u e { -~ pellueida,
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Hatched blastocyst

(4 % days)
Sperm

Fertilizalion
(0 days)

- Follicle cells
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g : Y
£ | S
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! Follicle pellucida

First week of human development. Fertilization occurs in the upper third of the oviduct. The zygote
undergoes cleavage as it travels down the oviduct. About 4.5 days after fertilization, the embryo hatches
from the zona pellucida and becomes implanted in the inner layer of the uterus.

Rotational cleavage in mammals. (a) The first cleavage is on a meridional cleavage plane (1) passing
through the animal-vegetal axis. The resulting two blastomeres are designated AB and CD. (b) The AB
blastomere divides first, again on a meridional cleavage plane (IIA). The CD blastomere, which lags behind,
clongates parallel to the furrow between A and B. Its mitotic spindle is oriented parallel to the long axis of
the cell. (¢) The CD blastomere divides on a cleavage plane (I1IB) that is perpendicular to both I and IIA.
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Cleavage in human embryo
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A scanning electron micrograph
of a mouse blastocyst. The closely
compacted appearance of the cells is
attributable to the tight junctions that
have developed between them. X 800,
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Cell junctions during cleavage of the mouse embryo. (Adapted from Denker, 1983.)
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Formation of two-layered blastedisc in human embryo

Trnar aell mace

“‘:’%\
%\ Blastocart 3 The mammalian blastocyst immediately prior to
e - gastrulation. The inner cell mass delaminates hypoblast cells

that line the trophoblast, thereby forming the primitive gut (A-
C) and a two-layered (epiblast and hypoblast) blastodise (D)
similar to that seen in avian embryos. (After Carlson, 1981.)

~8ierll,

ol ; CRORYA 3
A a0 P P U
G ¥

g TEN L e I
i e R &,
. — . |

Amniotic

Syncytiotrophoblast cavity
' o Amuniotic ecloderm

R

S are T praohoblast

Formation of the amnion in human embryos. The hypoblast is complete near the site of the inner cell
mass, and the trophoblast cells are dividing to form the syncytiotrophoblast, which will invade the uterus.
Meanwhile, the epiblast has split into the amniotic ectoderm and the embryonic epiblast. All subsequent
development of the embryo will focus on the embryonic epiblast. (After Carlson, 1981.)
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Implantation of human embryo
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Dorsal view of Germ Disk

Armrows show movement of mesodermal cells between ectoderm and entoderm
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Drawings (X 150) from transverse sections of pig embryos of various ages to show formation and early
differentiation of somites. (From series in the Carnegie Collection.) (4) Beginning of somite formation; {B)
7-somite embryo; (C) 16-somite embryo; (1) 30-somite embryo.
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A, Schematic representation of the dorsal side of the germ disc, indicating the movement of surface
cells (solid black lines) toward the primitive streak and node and the subsequent migration of cells between
the hypoblast and epiblast germ layers (broken lines). B, Cephalocaudal midline section through a 16-day
embryo, The notochordal process occupies the midline region extending from the prochordal platc to the
primitive node. Note the notochordal or central canal in the center of the notochordal process.

rd B lhan®
A;,; Ammion Neurenteric canal .
Future ‘!\ \“\\Mﬁ“ { &5
cardiogenic T i . A
arca e N "
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i Intra-embryoni
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A, Drawing of acephalocaudal midline section through an 18-day embryo. The definitive notochord is
established. The neurenteric canal connects the amniotic cavity with the volk sac. B, Transverse section
through the cephalic part of the embryo showing the definitive notochord flanked by intraembryonic

mesoder. C, Transverse section through the primitive streak region. Mesoderm formation in the caudal part
of the embryo continues into the 4" week.
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Potential of cells
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Cells totipotent
Cleavage
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determination , L Ouly inner cell mass
' o can form cmbryo proper
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Gastrnlation

Germ layer forination
Ectoderm
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Endoderm
Mestl}dcrm

Brain Iris
Spinalcord  Lens
Peripheral Comea

Ectodermal  nerves Skin glands
derivatives Pigment cells Hair
Inner ear Epidermis
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Endoderm ¥

Neuvrulation (primary induction)
Central nervous system
Neural erest

Remaining eetodermal poteney
Inner ear

Lens

Comca

Skin glands

Hair

Epidermis

Secondary inductions
Inner car
Lens

Further induetions
Comea

Skin glands

Hair

Remaining eetodermal potency
Comea

Skin glands

Hair

Epidermis

Remaining ectodermal potency
Epidermis

Restriction during embryonic development. The labels on the right illustrate the progressive restriction
of the developmental potential of cells that are in the line leading to formation of the epidermis, On the left
are developmental events that remove groups of cells from the epidermal track.
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Factors involved in mammalian ovulation

The Female Reproductive Cycles
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R
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: “'.'::,"P l' ]

Semischematic drawing showing the relations of the chorionic villi and trophoblast to maternal
endometrial tissues of the human placenta. (Redrawn from B. M. Patten (after Hill), Human Embryology.
Copyright 1968 by McGraw-Hill Book Co. Used with permission of the McGraw-Hill Book Co.)

R A

3 -
F"\

Syntrophablast
{Ecloderm)

Y

Extra-embryonic
mesoderm

(A) Soav “?“ - B (B)

The early development of chorionic villi. (4) Ectodermal primary villus. (B) Early invasion of
mesodermal core, creating secondary villus. (Drawn from photographs by Streeter.)
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Development of human chorionic villi

M\\_\\

—
_.---- Cytotrophoblaslic shell

oy

Primary Secondary Tertiary
villus villus villus

M 95 griogd oy il Ul

Schematic drawings to show the development of the villus. A, Transverse section of a primary villus,
showing a core of cytotrophoblastic cells covered by a layer of syncytium. B, Transverse section of a
secondary villus with a core of mesoderm covered by a single layer of cytotrophoblastic cells, which in turn
is covered by the syncytium. C, The mesoderm of the villus shows a number of capillaries and venules.
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Exchange of substances across the placenta

i %

i

Chorionic villi
: (secondary)
Intervillous
space
Syncytiotro-

Fetal vessels i phablast

Placental septum
Branch villi
Cylotrophoblast

Decidua basalis

Stratum compactum

Sk
SR

Anchoring villus

(eytoirophablasts) After delivery the decidua

detaches at this point

Schematic drawing of placental structure. Arrows indicate the blood flow from decidual arteries
to intervillous space and back to decidual veins. This direction is determined by the difference in
pressure between arterial and venous blood. (Redrawn and reproduced, with permission, from
Duplessis GDT, Haegel P: Embryologie. Masson, 1971. [English edition © Springer-Verlag, 1972;
Masson, 1972.]) :
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Development of human umbilical cord

Extmembryonic / 00\ o=

coelom
Yolk sac

Chorion

Embryo and membranes of a placental mammal, showing placental development from fused chorion
and allantoic wall, extending as fingerlike villi that interlock with uterine tissue.

Chorionic cavity
. Chorion

. " ) h . . N
Amnion / C orionic plate

. Yolk sac and Yolk sac
Jvitelline vessels and stalk

N Intestinal

Amnion

j;Abdominal wall {
= Primitive nfembrvo Chorionic
umbilical . cavity

ring

Amniotic cavity ' \\/

7 Cherionic cavity Intestinal

loop

Vitelline duct ) Amnion
Umbilieal
vessels Extra-
Exlra- <¢mbryonic
embryonic coelom
coelom

Allawiois

A, Schematic drawing of a 50week embryo to show the structures passing through the primitive
umbilical ring. B, Schematic drawing of the primitive umbilical cord of a 10-week embryo. C, Transverse
section thhrough the structures at the level of the umbilical ring. D, Transverse section through the primitive
umbilical cord, showing the intestinal loops protruding in the cord.
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The Placenta at Term
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Serosa _~ Mid-gut of Embryo

Amnion ~.__
. ) LA . Allantois
Extra-embryonic / ;
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Yolk-sac
A. Chick
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g
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Fore-gut of
Embryo —~-__&

3 Allanioic
3 /, -~ Mesode

- and

’ Yessels

Cherionic
T Vili

Reduced
Alfantoic
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C. Man

Diagram showing interrelations of embryo and extra-embryonic membranes characteristic of
higher vertebrates. Neither the absence of yolk from its yolk-sac nor the reduction of its allantoic

lumen radically changes the human embryo’s basic architectural scheme from that of more primitive
types.
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(A)

(B)

Diagrams of chorionic sacs of representative mammals, showing gross forms of the
placenta. (4) Diffuse placenta of the big. (B) Cotyledonary placenta of the sheep. (C) Zonary
placenta of the dog. (D) Discoidal placenta of the bear.
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< ()
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Histological types of mammalian placentae, 1- endothelium of fetal blood vessel. 2- chorionic
connective tissue. 3- chorionic epithelium. 4- uterine epithelium. 5- endometrial connective tissue
{mucosa). 6- endothelium of maternal blood vessel.
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The appeararance of the primitive streak and primitive knot along the embryonic disc. These
progressive changes occur through the process of induction.
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Development of the human epidermis and hair follicle. A, epidermis of 2.1 mm embryo / B, epidermis

of 16-mm embryo: C, epidermis of 32-mm embryo: D, epidermis of 85-mm embryo / E to H,
progressive stages in the devlopment of the follicle and hair. (After Potten, 1946).
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Development of glands:
Glands are formed in the following sequance

1- Invagination of a solid cord of epithelial cells.
2- Branching of the cord.

3- Cords hollow out to produce ducts.

4- Ends of branches hollow out to produce acini.

Epithelium Proliferation  of cells and
theic  downgrowih into the
subjacent cennective Lissue

Basal lamina

Exocrine pland formation Cords ol cells Vesicular endacrine
Forming endocrine gland Gland formnation

] "= Disappcarance
LS of duct cells

2
=
L } Capillarics
A { Az

.o
-

Sccretory
portion

Formation of glands from covering epithelia. Epithelia cells proliferate and penetrate into connective
tissue. They may or may not maintain contact with the surface. When contact is maintained, exocrine glands
are formed; when contact is not maintained, endocrine glands are formed. The cells of these glands can be
arranged in cords or follicles. The lumens of follicles accumulate large quantities of secretion; cells of the
cords store only small quantities in their cytoplasm. (Redrawn and reproduced, with permission, from Ham
AW: Histology, 6" ed. Lippincott, 1969.)
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T. s. of human embryos showing differentiation of the mesodermal somites
and the differentiation of the muscles and their innervation
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Structure of the human brain Hls¥! Fe Lufy

L.View of the medial surface of the right half of the brain in a 4-month embryo, showing the various
commissures. The broken line indicates the future expansion of the corpus callosum. The hippocampal
commissure is not indicated.
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Neural crest

/m Neural fold

Notochord

Neural groove
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Surface I
of neural ¢rest
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Dorsal rool
ganglion

Neural lube

Schematic drawings of a number of transverse cestions through successively older embryos, showing
the formation of the neural folds, neural groove, and neural tube. The cells of the neural crest, initially
forming an intermediate zone between the neural tube and surface ectoderm (C) develop into the dorsal root
and cranial sensory ganglia (D).

Anlerior neuropore
#

Neural fold

Pericardial

~ Poslerior
neuropore

A e B

22 days 23 days

A, Dorsal view of a human embryo at approximately day 22. (Modified after Payne.) Seven distinct
somites are visible on each side of the neural tube. B, Dorsal view of a human embryo at approximately day
23. (Modified after Comer.) Note the pericardial bulge on each side of the midline in the cephalic part of the

embryo.
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Paths of neural crest cell migration in the trunk of an embryo. Path 1 between adjacent somites, results
in the formation of the sympathetic ganglia and adrenal medullary cells. In other regions of the trunk, neural
crest cells form the parasympathetic ganglia. Those cells taking path 2 also contribute to the sympathetic
ganglia. Neural crest cells migrating in path 3 become the neurons of the dorsal root ganglia, and those
neural crest cells migrating beneath the ectoderm (4) give rise to the pigment cells.

\}r’ Pigment ccil
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Darsal root Schwann cell
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adrenal gland /
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Major neural crest migratory pathways and derivatives in the trunk. Left: Pathways in the early
empryo. Right: Derivatives of the trunk neural crest.
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Optic stalk
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Quler layer of
i [nner layer optic stalk

Hyaloid artery Lumen of

1 .
Hyaloid artery C optic stalk

Charoid fissure

A, Ventrolateral view of the optic cup and optic stalk of a 6-week embryo, The choroid fissure
located on the undersurface of the optic stalk gradually tapers off. B, Transverse section through the
optic stalk as indicated in A, showing the hyaloid artery in the choroid fissure. C, Section through the
lens vesicle, the optic cup, and optic stalk at the plane of the choroid fissure. (After Mann IC: The
Development of the Human Eye, ed 3 [British Medical Association]. New York, Grune & Stratton,
1974.)

Pigment layer of the

Neural layer 1“3““3
4

Intraretinal
space

Hyaloid
vessel

Optic nerve
fibers

Eyelid
= Undiffcrentiated
mesenchyme

Anteroposterior section through the eye of a 7-week embryo. The eye primordium is completely
embedded in mesenchyme. The fibers of the neural retina converge toward the optic nerve, (Modified
after mann IC: The Development of the Human Eye, ed 3 [British Medical Association]. New York,
Grune & Stratton, 1974.)

153




ATLAS OF EMBRYOLOGY

. ] . £ bl
QLY 9 O3V pesT
% Temp.pr.
i
Endolymphatic —— A X
duct \?\‘ |
- e ncus pr.
KR S e
! = g .. Malleus pr.
Primordium of atleus pr
~ internal ear 7T - -~ Primord. ext.
4 aud. meatus
Ext. gill
. . groovell ~- Stapes pr.
W'L“"“f.Q\ et ¢ Primordium of middle
A f " Pharyngeal . ear (fympaniclcavity
pouch [ B

S Auditory {Eustachian) tube
Endolymphatic duct \-‘b\
Ampulla ofant. \
vertical canal =

Squamous portion of

kT T T 7 temporal bone

Embryonal conn. tissue

t 1
Nerve VI« oo External ear

Malleus
Incus -

Stapes in oval window
/'_"\r \:‘*

Round window oS

S

- External auditory meatus

Ear drum
Cochlea ~

-..—- Embryonal conn. tissue
—_—

Endochondral ossi;;ﬁp E : - Tympanic cavity
fication center of — SE .

ternporal bone B

Schematic diagrams showing three stages in the development of the middle-ear chamber and the
auditory ossicles. Abbreviations: Mes. -mesenchyme; Oss. Prim.-mesenchymal concentration which is

the first indication of the primordia of the auditory ossicles; Temp. pr.-mesenchymal concentration
where primordium of temporal bone is taking shape.
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Semischematic diagram showing ear mechanism at term. The cochlea has been turned mesiad to
show its spiral course.
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Development of the membranous labyrinth in human embryos. (After Streeter, Am. J. Anat., vol. 6,
1906.) (A) 6 mm, lateral view. (B) 9 mm, lateral view. (C) 11 mm, lateral view. (D) 13 mm, lateral view. (E)
20 mm, lateral (F) 30 mm, lateral view. (G) 30 mm, medial aspect. (H) Outline of head of 30-mm embryo to

show position and relations of developing inner ear.
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Formation of human head and tail folds
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Lateral view of the organization of the head and pharynx of a 30-day-old human embryo, with
individual tissue components separated but in register through the dashed lines.

(Based on studies by Noden [1991].)
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Pharyngeal pouch

Arery [," Endodermal epithelium
i v

Nerve ‘\;{. W/ﬁvl—-m
Cartilage _L— ; 3

1" pharyngcal arch

-—— Pharyngeal clefl
2™ arch with nerve,

Ectodermal .
arlery, and cartilage

epithetium _‘\\

in 4™ arch

orifice

Schematic drawing of the pharyngeal arches. Each arch contains a cartilaginous component, a
nerve, an artery, and a muscular component.
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N . o e
S ; Thyroglossal cyst
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i S L Epiglottis

R ; /
[

i Thyroid cartilapge
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Schematic drawing indicating the localization of the thryoglossal cysts. These cysts, most
frequently found in the thyroid region, are always located close to the midline.
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Formation of the viscerocranium from arches in man
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Skeletal System of man

Sources of bone and cartilage in the head
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Regions of the skull and formation of intramembranous neurocranium.
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Frontal bone 7‘—

Parietal bone

Posteror fonlanclle
/"'

iy GCceipital bone
Anlerior fonlanclle

Parielal bone

Frontal bone

Poslerior fontanelle

Maxilla Temporal bone

- Sphenoid Extemal audilory meatus

Mandible bone

Individual dermal bones of a term fetus do not quite meet and membrane-covered spaces, known as
fontanelles. Exist between them. (From Francis, C., C.: Introduction to human anatomy, ed. 6, St.
Louis, 1968, The C. V. Mosby Co.)
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A, Schematic representation of the myotomes in the head, neck, and thoracic region of a7-week
embryo. Note the localization of the preotic and occipital myotomes and the condensation of mesenchyme at
the base of the limb bud B, Transverse section through the region of attachment of the limb bud. Note the
dorsal (extensor) and ventral (flexor) muscular components of the limb.
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NASAL DEVELOPMENT
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Drawing showing the definitive structures formed by the cartilaginous components of the various
pharyngeal arches.
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Thyroid and parathyroid gland embryogenesis
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Development of the pituitary gland

Floor of 1he
diencephalon

24

Roof(‘)t:‘lt'x;vﬁoulh
Slgad! Sy lghMeg Lol Soadl S
Structure of the pituitary and its relation to the hypothalamus

Paraventricular oucleus

Supraoptic nueleus

o

Hypothalamic

Oplie chiasm

Median eminence

Pars tuberalis

Infundibulum

Connective tissue

Pars nervosa

Pars distalis
Pars intermcdta

Raitlike’s cysts

| Posterior lobe I Anterior lobe I

169




ATLAS OF EMBRYOLOGY

! b s ol 5

Developing suprarenal (adrenal) Gland

Neural crest

Primitive ganglionic primordiun
-

Neural tube

Sywnpathetic ganglion of latcral
vertebral chain

Site of developing
suprarenal gland

Mesoncphros

Intravisceral ganglia

e p— "~ Migrating chromaffin cells
\@(@ ./
0o 6 o,@\
@E@\? Cortex

<]

. Ry
Preaolic ganglion 0%9
(<37

Mesonephric reol [

Mesonephric blastema ~ 1 % MONTHS

-0 @

Developing cortex

Zona glomerulosa

Medullary chromaffin cells

Adult cortex

2 MONTHS

Medulla Zona fasciculata 4 MONTHS

Zona reticularis

170




RNV RRRNIYS

Gedl iy g2

a

Dental caviry , ’

Tooth germ

Dental lamina Jwd) abin -

Ameloblasts Linall il S

ATLAS OF EMBRYOLOGY

Gum epithelium Al 40

N Epithelial bud b a2 3

=M hyme apld ja

Dental lamina (il daiea

Liaall gtz Ay

Beginning of ¢enamel organ

ol e iy

Mesenchyme primordium of pulp

a Enamel Lyl

Denline EL:.':I _,l Ol

# Pulp il

- Odontoblasts (giell 43 35 LS
» Amcloblasts Laall 43 4Sa LA

Blood vessel (5 3o ¢le

¥

Development of tooth. Epithelial bud, A, develops into a cup-shaped structure, the enamel organ,
which gives rise to the crown of the tooth. Blood vessels in the pulp supply materials to the
odontoblasts which is deposited on the inner surface of the enamel organ.
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Schematic longitudinal section of an amniote embryo, showing the architecture of the embryonic gut.
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g00000 /
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Pharynx Stomach

Schematic representation of the subdivbisions of the alimentary canal. (All accessory parts and
derivatives omitted.)
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Development of the rectum and anal canal
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Schematic drawings of embryos during the 4™ and 5" weeks of development to show the
formation of the gastrointestinal tract and the various derivatives originating from the endodermal
germ layer.
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Duodenum of stomach

Omental bursa

Mesoduodenum 4
Greater omenium

Ascending

Mesoeolon colon

A Mesenlery
proper
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Appendix

A, Schematic drawing of the dorsal mesentery at the end of the 3" month, The dorsal
mesogastrium bulges out on the left side of the stomach, where it forms the omental bursa. B, The
greater omentum hangs down from the greater curvature of the stomach in front of the transverse

colon.

: Omental bursa
... Peritoneum of

post. abd. wall

Mesentery
transverse colon

bursa
Greater omentum —..

\ .
Small inlestinal loop

A, Schematic sagittal section showing the relationship between the greater omentum, stomach,
transverse colon, and small intestinal loops at4 months. The pancreas and duodenum have already
acquired a retroperitoneal position. B, Similar section as in A, in the newborn. The leaves of the
greater omentum have fused with each other and with the transverse mesocolon. The transverse
mesocolon covers the retroperitoneally located duodenum.
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A, Drawing of the positions of the spleen, stomach, and pancreas at the end of the 5™ week. Note
the position of the spleen and pancreas in the dorsal mesogastrium. B, Position of spleen and stomach
at the 11" week: Note the formationo f the omental bursa or lesser peritoneal sac.

Pancreas

. Adrenal gland 5!1

.. Dorsal Q /
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- Spleen %
£
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Pt ~ Lesser omentum ' o s
Liver Parielal peritoneum Ryt . Spleen
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Diagrammatic transverse sections through the region of the stomach, liver, and spleen, showing
the formation of the lesser peritoneal sac, the rotation of the stomach, and the position of the spleen
and tail of the pancreas between the two leaves of the dorsal mesogastrium. With further development,
the pancreas obtains a retroperitoneal position.
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Development of hepatic and pancreatic primordia. All diagrams are viewed from the ventral
aspect. (A) Semischematic diagram based in part on Thyng’s reconstructions of a 5.5-mm pig embryo.
This is comparable to a human embryo early in the fifth week. (B) Reconstruction from a 9.4-mm pig
embryo. This is comparable to a human embryo of 7 weeks. (C) Schematized drawing equivalent to a
20-mm pig embryo or a human embryo of 7 weeks. (D) Manner in which common bile duct and
pancreatic duct beecome confluent and discharge through the duodenal papilla.
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The Respiratory System
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Development of the respiratory system of pig embryo
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Mcdiastinum
(inferior dorsal part)

Secondary ingrowh
from body wall

Pleuroperitoneal
fold

pleural
*7— Esophagus cavily
! I I Inferior
i p i ! B ¥ena cava
. i i “ [
. (LR )
. 'Ii | ..
i ‘
. # ..
Mesothelial -—~ : Z. Septuin
lining of transversurm
coelom
Aortic arch in
superior part of .
mediastinum ~ Costal part
o _~of pleura
Mediastinal e
pleura e

Pericardial parl
Inferiorpant of  — ___ e ." of pleura and
mediastinum T -
conlaining
pericardial cavity ]

S == Parictal pericardium
e {both derived fram
) pleurepericardial feld
ol embryo)

Pericardial
cavity

Right
pleural
cavity

Costophrenic sinus
of pleural cavity

Diaphragm

Diaphragm in embryo and in adult. (A) Diagram indicating embryological origin of various
regions of diaphragm. (Modified from Broman.) (B) Thoracic face of adult diaphragm. (Modified
from Rauber-Kopsch.) (C) Relations of diaphragm as seen in a frontal section of adult body. {(Modified
from Rauber-Kopsch.)
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Aortic arches

D o A W W

Right dorsal
gorta

External

- Dorsal aorta [nternal carotid arerics

carotid artery

Right —y
Vagus nervel, .

Common
carotid artery

Right
subclavian artery

Right
Recurrent nerve
Duclus

7 arterfosus
interscgincntal

artery
Pulmonary

artery

B

Right exlernal
carotid artery

Leli internal carotid artcry

Right vagus
£ BUS ~. Left common carotid artery

e

Right Lef subclavian artery

subclavian artery

Brachiocephalic

arery Ligamentum arlerosum

Ascending aora

Descending acrta
Pulmonary artery

A, Diagram of the aortic arches and dorsal aortas before transformation into the definitive vascular
pattern. B, Diagram of the aortic arches and dorsal aortas after the transformation. The obliterated
components are indicated by broken lines. Note the patent ductus arteriosus and the position of the seventh
intersegmental artery on the left. C, The great arteries in the adult. Compare the distance between the place
of origin of the left common carotid artery and the left subclavian in B and C. After disappearance of the
distal part of the sixth aortic arch and the fifth arch on the right, the right recurrent laryngeal nerve hooks
around the right subclavian artery. On the left the nerve remains in place and hooks around the ligamentum
arteriosum.
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Formation and fusion of hilateral heart tubes
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Heart tube looping and development of regions

.. Anterior part of

Optic
Ectoderm of head -, Forepul depression A
- - ™ N open neural plate
—
Endocardial wbe TN
T Somati { .
N ermats Aortic acch |
i F mesoderm A
Epimyocardium "—ET T - Pharynx
{splanchnic mesederm) I 7 o AR Coclom _. -Endocardium
artal . .
A P o Pharynx - - Epimyocardium
Ectoderm of head e X (splanchnic mesodenn)
f_. . H L]
! . D j -t - — Somatic mesederm
. i ST Aonic \ r/ LA " l Pericardial coclom
Somatic mesoderm | L L Tas [ arch [ /.N o
L Y ' E T
Epimyocardium - _1 g ; -!Ti'/g'eri"fwﬁ‘,\ --- Lef vilelline vein
Endocardinm - .= - Pericardial b inieslinal A'f“i\‘..
Y. o\ region of portal T
..: :.:/Anlerior\\;"_rm coelom
intestinal Y > Vitelline C

H

B poral
Diagrams showing progress of fusion of cardiac primordia in the pig as seen in ventral views. (A) 5-

somite embryo; (B) 7-somite embryo; (C) 13-somite embryo. The embryos are supposed to be viewed as
transparent objects with the outlines of the cardiac primordia showing through. The lines A, B, and D

vein

indicate the levels of sections A, B, and D in Figure 9-12.
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Aortic arch arteries
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Lateral view
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Overview of the formation of the earliest arteries and veins
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Development of the hepatic portal
10mm pig section to C (8-9mm). (Fr

circulation and the umbilical veins in the pig embryo. Compare
om B. M. Patten, Embryology of the Pig. Copyright 1948 by the

McGraw-Hill Book Co. Copyright renewed 1959 by B. M. Patten. Used with permission of the

McGraw-Hill Book Co.)
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The Somatic Veins
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The three stages of kidney development
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Development of ureters, bladder, and urethra

Urinary System

Urogenital sinus forms from hindgut
endoderm of eloaca

Week §

Metanephric duct opens
inte urogenital sinus

Ureteric bud forms from mesonephric duct and invade:
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metanephric cap mesoderm

Urogenital sinus separates from
anorectal hindgut

Urogenital sinus forms epithelial
lining of urethra and bladder

Splanchnic mesoderm forms
bladder and urethra walls

Definitive
kidney

Urcteric bud moves o open
separately into the urogenital sinus

Uretcric bud forms

T Intermediate mesoderm forms
epithelial lining of ureter

urcter walls
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Transverse sections through the mesoncphros and developing gonad of a mammal: 4 and B, The
development of the sexually indifferent gonad. C, An early stage in the differentiation of an ovary (left) and
testis {right). D, A later stage in the differentiation of the ovary and testis. (Slightly modified after Williams

and Warwick.)
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Undifferentiated Urogenital Excretory System

: '*:.-‘j [
- VT
/ Lok
Loy -ﬂi{}\
.4 }_ Ureter A d
i b T Kidoey
E_‘ -

v

— Paramesoncphric (Miillerian} duct

o Mesonephric {Wollfian) duct

Mesonephros ™ \
\'\_/_, Inguinal lig.
il
3 WEEK 7
{,
e
A
Genital tuberele
Lﬂ
- — - Suspensory lig.
Epotphoron

Parogphoron =
Oviduct (utcring tube)

Giinner's duct
Ureter

Inguinal canal
Round lig. of uterus

WEEK 12

Suspensory lig, of ovar

N
t
\"- Urclhral opening

. -& Ovary
- {Q l,u

oy e O
RS /./
\ e
b \ ’ //\ Round ligg. of ovary ‘.’esnbulc-‘\\ } Vestihular gl. opening
e N7
Vngmal opening

S
. r
‘- Oviduct

Oviduct (l‘ﬂ“ﬂpiilI:I ar

uteriner Lube)
]
Pacodpleran cr KA
'l o
vl Lo el :
\: Urerus ;. -1 Round lig. ol ulerus
£
L L
Cidirtner™s duct / ¥ iF
P
BN > /' NEWBORN
Giirtner's duct cyst -~ =3 ‘L}' 3
2
i‘:
= Vagma

191



ATLAS OF EMBRYOLOGY

Jaodly ol 10295
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Uterine tube

!

Uterine septum

Caudal tip of
paramesoncphric ducts

‘ Tissue of 7"
/}4_/-'/-\ sinovaginal bulbs
/ (vaginal plate}

Urogenilal sinus

A B

Schematic drawing showing the formation of the uterus and vagina. A, At9 weeks. Note the
disappearance of the uterine septum. B, At the end of the 3" month. Note the tissue of the sinovaginal

bulbs. C, Newborn. The upper portion of the vagina and the fornices are formed by vacuolization of
the sinovaginal bulbs,

Uterine

Urinary bladder
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Schematic sagittal sections.showing the formation of the uters and vagina at various stages of
development.
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Differentiation and development of the male excretory system

- Milllerian duct

Mesonephric (Wolllian) duct

OF DEVELOPMENT OF
UROGENITAL. EXCRETORY
SYSTEM week 7

- Testis
-—

Seminal vesicle

SN
Proslale gland - '\‘m =1 /TT Jaculalory duct
\\ 0
ARA
Gubemaculum -7} I HEW— Penile urethra
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The major events in human oogenesis
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! - \' 2-cell stage zygote
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Inner cell
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Amniolic
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Yolk sac
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Commoen
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l Common l Common ¢

lacenta o .
P AN amniolic cavily

Schematic diagrams showing the possible relations of the fetal membranes in monozygotic twins.
A, Splitting occurs at the two-cell stage and each embryo has its own placenta, amniotic cavity, and
chorionic cavity, B, Splitting of the inner ccll mass into two completely separated groups. The two
embryos have a common placenta and a common chorionic sac, but separate amniotic cavities. C,
Splitting of the inner cell mass at a late stage of development. The embryos have a common placenta, a

common amniotic cavity, and a commeon chorionie cavity.
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Stages of development of the human embryo. Figures show approximate age in days.{ 22-day-old
embryo, after Arey: Developmental Anatomy; 37-day-old embryo redrawn from Hamilton, Boyd, and
Mossman, 1947; the rest after Streeter, 1942 — 1951.)

198




ATLAS OF EMBRYOLOGY

savel forly
The Stages of Labor

Unnbilical cord

Cervix

oo Yagina

—- Cervical canal

Fully developed letus
Sacral
prominence

(a) Dilution stage

Uterus

Ejectian ol the placenta

() Expulsinn stage

(c} Placental stape

199




ATLAS OF EMBRYOLOGY

Mateau
-
_
= -
=
-
-
:
ey
-
=
- -
3
b
3
rR—
e
5
=
= -
= -
z
Fr
=
I -
=
-
E
R
z
~  f Lagphose
-

Active prowth

ST AY suc B ol dog, pdl LM 9 gl Jiowie
Ll j9 50 alonal! of

Growth curve of cells, organisms, or
populations is shaped. The abscissa is an
expression of time, and the ordinate is some
measurement of growth. Growth starts out slowly,
entcrs a period of rapid increase, and then reaches
a plateau.

[ it ,
! }! \."Ji /r}l—L \i‘ 1 g

\\ (\‘ = L \l'ﬂr a)[ J ) l["

Wy ¥ :\\ T Ty
f Ao . /'f Vol
NBUA P A Y o
N v T
AN < i y (i
\tgi'/ )“H )"H
L BTN RS fi

Fetus {2 months) Newbarn 5 Years 227 Yeurs

Hu 3 I o 0 ogwi sUT SLaYT e K5 3 i

Alterations in form of human body as it develops from embryo to adult.
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Chart showing the embryonic derivation of the principal parts of the adult body.

EMBRYO ADULT

—Epidermis

—Skin dervatives (hair, glands, cte.)
—0Olfactory organ

—TL.cns of eye

—Inner car

—Anterior piluitary

—Somatic Ecltoderm

—Branchial skeleton
Ectoderm —————Neural Crest (anglia and sensory nerves
—Adrenal medulla

—Brain and spinal cord
——~Cranial and spinal motor nerves
—Retina and optic nerve
—Posterior pituitary

—Necural Tube

—Lining of digestive tract
—Liver and pancreas

Endoderm——Archenteron (Primitive Gut) —Respiratory system
—Bladder
—(Certain endocrine glands
—Neural Crest Reduced or obliterated
Dermatome —— Dermiis
—Epimere ESclcrolomc— Vertehral column
Myotome ———— Skeletal muscle and appendicular skeleton
Mesod M _ Excretory organs
esoderm esomere L—Reproductive ducts
——Somatic Layer ——— Parietal peritoneum
Visceral peritoneum
Mesenteries
\——Hypomere— Splanehnic Layer Heart, blood cells, and blood vessels
onads
Museles of viscera
— Coelom——————Reduced or obliterated
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