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Dextrodorsal View (X 16) of entire chick embryo of 36 somites (about 3 days' incubation).
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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; (c) 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) twentiecth somite of a 30-somite chick; (D)
seventeenth somite of a 33-somite chick.
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Early development of the brain of the chick.a Dorsal view at 7 pairs of somites. b Dorsal view at 11
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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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.]
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Neural crest. Direction in which labelled cells were found to migrate in the chick embryo.
(After Weston, 1963.)
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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 tubute.
(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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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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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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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 ftransversely. 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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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 extraembryonic 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 ofabout 5 2 days’ incubation taken out of
the shell with yolk intact. (Modified from Kerr.) The
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.

Allantois

Vitelline
vessels

Sinus
lerminalis
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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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Stage 5
19-22 hrs Stage 8
26-29 hrs
.\lll.!//
.
, £ -
N 3
, e _.V X . \
Ce
Stage 20 Stage 24 Stage 30
70-72 hrs 4 days 6 V2 days

)
i

Stage 10
33-38 hrs

Stage 12 Stage 15 Stage 18
45-47 hrs 50-55 hrs 65-67 hrs

Y
.

Stage 39
13 days
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Unoxygenated

Oxygenaled blood

Chorioallantoic
memhrane

Film
Inner 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

Quter shell membrane

(Euticle

!
Pore

chorioallantois. (b) On day 19, the embryo pokes
its beak through the inner shell membrane into the
air space between both membranes. lts lungs
inflate, and the chick breathes air in addition to
continued respiration via the chorioallantois. (c)
Six hours later, the chick pecks through the shell
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 4 Days

From R. Rugh. Vertebrate Embryology. 1964. Harcourt, Brace and World, New York.
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Skeletal System of Mouse at 18 g.d.
squamosal parietal
interparietal frontal
incus / zygamatic arch
malleus / / maxillary
stapes C -7 hasa
supraoccipital - A e ///pre:maxillary
cxaccipital ‘\"“; 7" mandibular
basi ocepilal .. \}L{", e
first cervical vertebra {Atlas) —-——-- /.:_7 . hyoid arch
tympanic ring -- - e clavicle
- humerus
second ccrvical vertebra (Axis) -
- radius
scapula < " e = . melacarpal
distal phalanx
neural arch  ------ "7 ~
- ulna
Tsternum
thirtcenth rib h .
e = libua
femur -~ i -— —----— distal phalanx
i -7 metatarsal

. N fibula

ischium ~ | tail vertebrac

5,90l Auliand! adadl) AU g o O 2N 4395T

EMBRYOLOGY

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.

Myolome

Segmental _

artery nerve
Scleroame - tervertebral
cells disk -
Nolochord - Primordinm %
of centrum
of vertcbra
A B C
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Mouse embryo, 10 days, L.S. mag. 12X
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Diaphragm Tail
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T. s. of a mammalian embryo

Neural spine

Neural arch

centruim

Thoracic duct

Azygos «d:._ll/
Dorsal aorta (de:

scending

thoracic aorta)

S—

oesophagus

Left lung

Left auricle

heart

Left ventricle

Bicuspid valve

Right ventricle

Sternum

Epidermis
Dermis

Hair follicles

Posterior {dorsal}
ganglion

Spinal nerve
Spinal cord
Ribs

Mediastinum
Right lung-divided
into 3 or 4 lobes
Pleural cavity

Pleura

- Right pulmenary artery

- Right bronchus

Pulmonary vein
Intercostal muscle

Cul edge where fore
limb has been removed

Muscle of body wall
Right auricle

Pericardial cavity

Pericardium

127




ATLAS OF EMBRYOLOGY

o> I ot ity (gt

Ovulation and the transport of embryo to uterus

la-cell morula  2.-cell embryo First mitotic Zygote
58-cell blastocyst (3 days} (1 % days) division (pronuclear slage)
(4 days) ! | t |
——— i ! i ;
e Zona :
N oo . tlucida
A ﬂz-”ﬂ‘ r%f: Z g [ \}'(‘Pé A
PR S, y .

Hatched blastocyst
(4 % days)

Sperm
Fertilizalion

| Partially implanted

4 blastocyst
i {6 days)

Uterine cavity

e b= Uterus .
! 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 (I) 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 (IIB) that is perpendicular to both T and IIA.
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Cleavage in human embryo

Two-cell, ~30 hours postfertilization
A qa E W :

Zona petlucida
{disappears after 4" day)

Blastocele

Blastocyst, 6 days
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A scanning electron micragraph
of a mouse blastocyst, The closely
compacted appearance of the cells is
attributable to the tight junctions that
have developed between them. X 800,

A TN
{‘ .-~ Large intercellular spacc

o
.\ ’ Tight junctions
. | - and
mizrofilaments

- Gap junction

| Junctional
complex

- Dcsmosome

Llal Cr o glad! £ LT M Pl

Cell junctions during cleavage of the mouse embryo. (Adapted from Denker, 1983.)
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Formation of two-layered blastodisc in human embryo

=N
?t\% Blastocont 3 The mammalian blastocyst immediately prior to
“/’7 gastrulation. The inner cell mass delaminates hypoblast cells
i} that line the trophoblast, thereby forming the primitive gut (A-
f{%; C) and a two-layered (epiblast and hypoblast) blastodisc (D)

similar to that seen in avian embryos. (After Carlson, 1981.)

Amniotic

Syncytiotrophoblast cavity

B

Amniolic ecloderm

Dy -

oo -‘I‘rophoblasl

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

: Syncytiotrophoblast
Inner cell mass (embryobiast) yney! p Endometrial
. itheli
" cpithelium Cytotropoblas
v
—Trophoblast / o N
Uherine cavily f Blastocyst p Amnion Amniotic cavily
cavity ¥~ Embryonic endoderm

¥ Embryonic 2piblast
= Trophoblast ; (ectoderm)
Lacunae

Exocoelomic cavity

Fibrin coagulum (closing plu
(primitive yolk sac) € ( g plue)

DAY 9

Bilaminar embryonic disk Malemal blood sinusoids

DAYS 10-11

Endodermal cells

Trophoblastic lacunae e _{ I P o {cxtracmbryonic)
it Ve ®. .,

. ‘Splanchnopleurie— ¥
Extracmbryonic mesoderm ¢ Somatopleuric e Primitive yolk Extraembryonic

' sac / coelom

Primary villus

Amnion ‘ DAYS 1 1 '1 2
ya (Eo necting stalk
&Embryonic epiblast {ectoderm}

Secondry yolk sac

Matemal sinusoid

Prochordal plate - Chorion

Extraeribryonic coclom
(chorionic cavily)

- Extraembryonic somalic mesoderm

DAYS 13-14
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Amniotic cavity Prochordal plate

Amnion Connecling stalk Amnion (cul)

Ammiotic cavily

tpiblast
Secondary yolk sac

Primitive streak

Prachardal plate Bilaminar Yolk sac entoderm

cmbryonic disk

Embryenic enloderm

DAYS 13-14

Yolk sac cavity

Primitive strcak

Eciedenn / Amnion (cut)
s Embryonic cctoderm

Primitive streak wilh beginning groove

N Cellular movement 1o form
3 P N B
Enloderm ™+ wid Embryonic entoderm intracnbryonic mesoderm

P e .
esodermal cells ansing

from primilive streak

DAYS 1 5-1 6 Prim_irive
Ectoderm P™

Awmnion

Yolk sac cntoderm
Villus

Amnion (cut edge)
Prochordal plale

Cloacal membrane
Primitive sireak wilh groove

B
- . Yolk sae entoderm

"__/

Cloaeal mewbranc

Allantois

Intracmbryenic mesoderm

Trilaminar embryonic disk

P39 1y 3098 M1 cyus Ane 39 300l LN 3 250 (¥ T eogd (Sl ¥ 098 Pl (o Al (5 45 slito
Dorsal view of Germ Disk

Armrows show movement of mesodermal cells between ectoderm and entoderm
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Ectoderm of

Neural goove  Dorsal mesoderm Interinediate mesoderm
neural plate , R -
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‘;Exf.‘fjﬁ’ﬁa{ﬂ;} i o e . Lateral mesoderm
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. FLNNE 3 :
wAT TS ., . » . Exira-embryonic coelom

i Wy L5 - E .
- -—§ ———- Entoderm
A S
e ok
Nt .
4 ) Somatic mcsoderm
Amnion (cut) _{.,‘_",f:}‘.-', _-==7" " ___.. - Exira-embryonic eoelom
'? X .{;;‘"‘ -~ Splanchnie mesoderin
. I +
st AL
4 ;&!‘:f- s ,f.g' [htra-emnbryonic coelom
i e,
ML '-u%! e
Z,»\i",“f" o ;7?"‘7.!" ~ .- Intermediate mesoderm
B LAY AT ™ fid .
e ¥ ... . _ Somite

- Myorome
- — Dermatome

Myocoele

. Selerotome
—-- Amnion

Notochord

- Coelom

—-- Myotome
- Myocoele

—— e e e meeeeem . Dermatome
X L,ﬁ.. - - - - -—-— Sclerotome

k k e Noloehord

}‘:\‘ e -« Dorsal aorta

Dorsal mesentery

Drawings (X 150) from transverse secttons of pig embryos of various ages to show formation and early
differentiation of somites. (From series in the Camegie Collection.) (4) Beginning of somite formation; {B)
7-somite embryo; (C) 16-somite embryo; (D) 30-somite embryo.
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bob +§  "™Notochardal \ \
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W% i / Primitive pit \
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Primilive \ : i

Notochordal

7 i‘rol:hurda] Primilive

plalc process streak

5 %

Allanlois

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.

- T,
e B _ "‘\,Y
#. Anumion Neurenteric canal -
v :
I ¢
Future N \\\\\m\“}mi """ NG A B
cardiogenic * ;g}),,..ﬂ""" - : sty "
arca ‘9,95’\ {py\
"/Prochordal plate Cloacal membrane Allantass

A

. Intra- .
Intra-embryonic mesoderm ntra-embryonic

Primitive groove mesoderm

7 Endoderm <
i c

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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Polcential of cells

Zypole
Cells totipotent
Cleavage
oy
Ea T
Inside-outside |,
delerminalion ) il Ouly inner cell mass
' H can form cmbryo proper
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e
e NI
Gastrnlation _ Brain Iris
Germ layer forination Spinal cord  Lens
Ectoderm Peripheral Comea
Mesoderm Ectodermal — nerves Skin glands
Endoderm derivatives Pigment cells Ha;r )
Inner ear Epidermis
Retina

Remaining eetodermal poteney

Neurulation {priinary induction) Inncr ear

Central pervous system Ecns
ormca
Neural erest h
¢ ¢ Skin glands
Hair
Epidermis

Secondary induclions Remaining eetodermal potency

Inner car (S:l(()'me;} g
in glands
Lens Hair
Epidermis

Further induetions

Comea .
Skin glands Remaining ectodermal potency
Hair 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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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.}

Syntrophoblasl
{Ectoderm)

Lacunae

Cytotrophoblast

(Ectoderm)
-
1]
] —
Exlra-cmbryonic . .
mesoderm . A, »*
S oaw e 2

(A)

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

138



ATLAS OF EMBRYOLOGY

S W' IEIVE S T R | B T Nt v

Development of human chorionic villi

e ™ ,--=- Intervillous space
T o C
T,
// i~ —_)

..—--- Cytotropheblaslic shell

oy

Primary Secondary Teniary
villus villus villus

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.

139




ATLAS OF EMBRYQLOGY

ln.z..i.n.ll”: .:.!5.&!1 Jals

Exchange of substances across the placenta

% Chorionic villi
. (secondary)

Fetal vessels ; phoblast

Placental septum
Branch villi
Cytotrophoblast

Anchoring villus

(cytotrophoblasts) 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

Umbilicus

Extrmembryenic / N ==

coelom
Yolk sac

Cheorion

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

Choricn

) f‘ ) . N
Amnien !, '---,¢h0';°nlc plate

S Yolk sac and Yolk sac
~ vitelline vessels and slalk

Intestinal

. Allantois.
. B ~Abdominal wall 1/
> Primitive nf enthrvo Chorionic
umbilical cavity
/" ring

Intcstinal

7 Chorionic cavity
loop

Vilelline duct . Amnion
Umbilieal
vessels Extra-
Exlra- embryonic
embryonic coelom
coelom

Allawtois

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

SCHEMA OF THE FOETAL THE MATERNAL
VILLOUS ORGANISATION CIRCULATION CIRCULATION

Umbilical vein -

Umbilical arteries -{.

FOETAL SURFACE MATERNAL SURFACE
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¢ Colyledon
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Serosa

Amnion ~.__

] - Allantois
Extra-embryonic
Coclom
Yolk-sac
A. Chick

Amnion

Serosa

- Allanioic
Fore-gut of - >, = .~ Mesode
Embyo —nr ’ o H'I

and
Vessels

Chorionic
— villj

Reduced
Alfantoic
Lumen

C. Man

Diagram showing interrelations of embryo and extra-embryonic membranes

OF EMBRYOLOGY

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)

(€)

(D)

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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HEMO-

ENDOTHELIAL
{foeia) bload vessels
lie in maternal blood
1 Lnlervillous spaces
€ g. guinea pig. rl,
rabbit)

..... Maternal
blocd pool

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
their  downgrowth into the
subjacent connective Lissue

Basal lamina L
Conncclive Lissue

f

Exocrine pland formation Cords ol cells
Forming endecrine gland

Vesicular endecrine
Gland {ormation

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

Dermatome )
Myotome Dermomyotone

i

/

g e Epimere

Intenmuscular septum

et Spinal ganglion

--- intermediate, and inner
muscular layer o
hypomere as found in wall
of thorax and abdomen

Rectus column «---
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I T Skin senses

[T TR,
/ medulla

Mid-brain  Hind-brain Pituitary body

Cerebral cortex

ccrebelu
Roof of fore-brain grows lo form

- cerebral hemispheics medulla

Roof of hind-
& s Drain develops

— _ == into ccrebellum
\\_{,/'
.

Mid-brain {optic lobes) \

Spinal cord

ebellnm

Cerebral corlex

SAME STRUCTURES IN MAN DISPLACED
TO UPRIGHT POSITION

Fluid-filled
cavily or
venlricle

medulla

Piwiary body  Pevelopment of mammalian brain (vertical sections)

Diencephalic roof plate
Future cxpansion of wilh choroid plexus
corpus callosum

Habenular
commissurc

Corpus e Post(?nor
callosum [ commissure
V- Colliculi
Scplum
pellucidum
%, Cerebeilum
Anlerior SR
commissurc

Ollactory Optic

bulb chiasma Mammillary

body

Structure of the human brain Hlu¥! Fo Cuf

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

A /@ Neural fold

Notochord

Neural groove

Intermediate zone
of neural crest

Surface
ecloderm

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

~ Poslerior
neuropore

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 Corner.) Note the pericardial bulge on each side of the midline in the cephalic part of the

embryo.
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= Dorsal rool
ganglia
AN\

Epidermis S \,,—

Neural Lube
Y

Dermaloine
(forming dermis , S
ofsian) / - . Spinal cord
Remaining Sympathetic
somilc / Nolochord ganglia
Aora

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.

\)f’ Pigment ccll

Neural crest g
Dorsal root \ Schwann cell
ganglion
ok (o

\

Unipolar (sensory)
neuron

Multipolar neuron
in sympathetic
sympathetic
ganglion

Chromaffin
¢ells in adrenal
medulla

Sympatlhetic Prevenebral plexus
ganglion ! )
Developing |
adrenal gland |
Plexus in Parasympathetic
gut wall {submueosal }

plexus in gut

Major neural crest migratory pathways and derivatives in the trunk. Left: Pathways in the early
empryo. Right: Derivatives of the trunk neural crest.

152




Sl B ol (165

- Oplic cup

Intraretinal
space
L

Optic s1alk

Lens vesicle §.

of
optic stalk

Hyaloid artery

Cc
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Wall of brain

Lumen of
optic stalk

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 asindicated 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

L of the
Neural layer l retina
’

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.)
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b graov | . Stapes pr.

== = N > Primordium of middle
A f Pharyngeal yd S ear (fympanic)cavily
pouch! B Y. Auditory (Eustachian) tube

Endolymphalic duct \-‘b\

Ampulla of ant. 5
vertical canal

Squamous portion of
~ temporal bone
Embryonal conn. tissue

o Cgtna ; ' E
Nerve VIl — BV S : ! . xternal ear

Malleus
Incus -

. . ~ Extemnal auditory meatus
Stapes in oval window Y

Ear drum
Cochlea ~

-.—- Embryonal conn. tissue

o

Round window ———seer” {“"

— B N
Endochondeal ossi-"#: }}r
fication center of — E o

temporal bone :

Tympanic cavity

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.

Scmicircular canals

e

Endolymphatic duct

Vestibutar div. of N.VIIT

Nerve VIl in facial canal

Cochlear div. of N.VIIT

Penlymphatic space

TRy
Temporal bone —— %

%o -

Round window Malleus

Ear drum
Incus
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Embryonal conn. tissue

Course of auditory
(Eustachian) tube to
tympanum

Semischematic diagram showing ear mechanism at term. The cochlea has been turned mesiad to
show its spiral course.
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Endolymphalic

7 duct Areaof Lateral
. resorption semicircular
Vestibular Superior duct
portion sernicircular

duct Vestibular gn
Lateral ) estibuiar gn.
" b
Cochlear semicircular Coehlear gn. 44
portion duct
A B g Cochlea
Superior . C D
semigircular Posterior Endolymphatic
duct . semicircular duct
R uct Crus commune

Lateral semicircular duct
Utriculus "X Superior

Sacculus semicirclar duct

Spiral ganglion of cochlea

Br, of vest. N.
Lo ampul.

Vestibular gn,
Endolymphatic duct

Crus commune

Posterior
semicircular
duct

Lateral semicircular duct

Superior
semicircular
duct

Cochlear N, (cut) -

Vestibular N, (cut)

Vestibular ganglion .

Spiral ganglion of eochlea (LF\V L

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

HEAD AND TAIL FOLDS
Stage 8

Amniotic cavity

Chorionic villus (o)

Neural fold

Allantoic
diverticulum

Stage 10

Tail fold

Head fold Amniotic cavity

Yolk sac
Allantois

¢ Septum transversum

Stage 11

Amniolic cavity

Yolk sac

Intraembryonic X 5
coelom ‘

Allantois /
Communication
Stage 12

Foregut

between intra- and
extraembryonic
coelom

Amniotic cavity

Yolk sac
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£ Midbrain 1 | Ly .
Structures o
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!
Paraxial

Mesoderm ( ,

Intcmnal

Arteries carotid

Ductus

artery Y aricriosus
, arta | Pulmonary arlery
}_,--’//L-'/f{ AT Esophagus
Pharynx AT A T
ry X R <%
: Thyroid T I Pharyngeal \}
I : : pouchesI -
- L d
Pharyngeal N o, W ung bu

Arches

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
Arcry /j Endodermal epithelium
i b

Nerve . (,wﬁf"v“&———“’“\

~—— |* pharyngeal arch
Cartilage —- /

Ectodermal |
epithelium

——— Pharyngeal clefl
2™ arch with nerve,
arlery, and cartilage

in 4™ arch

orifice

Schematic drawing of the pharyngeal arches. Each arch contains a cartilaginous component, a
nerve, an artery, and a muscular component.

Body of ongue
1 =

Foramen cecum

S\
. esﬁhymglossal cyst
o YL Epiglottis

R

4

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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Regions of the skull and formation of intramembranous neurocranium.

163




ATLAS OF EMBRYOLOGY

!

Frontal bone 7‘—
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L™ Occipital bone
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Parielal bone

Frontal bone

Maxilla Temporal bone

- Sphenoid Extemal auditory meatus
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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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Formation of bones of the limbs and appendicular girdles
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Drawing showing the definitive structures formed by the cartilaginous components of the various
pharyngeal arches,
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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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Section of mammalian tooth set in the jaw (after Hom. 1957)
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Posterior inlestinal portal

Hindgut

Proctodeum

Cloacal
meimhrana

Allanloic stalk
i

Stomodeum

Pharyngeal membrane Heart Yolk stalk

Liver
diverticulum

Schematic longitudinal section of an amniote embryo, showing the architecture of the embryonic gut.

Mouth
\

!
\ Urogenital ducts

Pharynx

Stomach

- Anus

Esophagus Intestine Cloaca

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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A

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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Esophagus

Dorsal V'~
mesogastrium -3

=7 &4 Greater curvalure

Duod‘enum of stomach

Omental bursa

Greater omentum

Ascending W
colon =" Y
; . j; Descending colon
X €. Mesenlery \ A
/ proper N
Appendix A 5
fav") ™ Bigmoid

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.

Peri . Omental bursa
.. Peritoneum o
post. abd. wall

Mesentery
transverse colon

Omeneal
bursa
Greater omentum ——.
Greater -
omentum 1}

o .
Small inlestina} loop

A, Schematic sagittal section showing the relationship between the greater omentum, stomach,
transverse colon, and small intestinal loops atd4 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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Lesser omentum

Stomach Liver " ‘
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Dorsal
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| ’ N N ! L
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= * Umbilical Faleiform . e
- * B Gastrolienal
lig.

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

g .. Dorsal
B mesogastrium

- Spleen

" Stomach

-
* Lesser omenium

Parictal petitoneum i ; Spleen
of body wall Gastrolienal
lig.

. ‘ \~‘~
Liver
Falciform lig.

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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Esophagus -...

Trachea . - Esophagus
- Stomach .}
Lung bud ' Gallbladder
. |
_ Stomach [
Liver tubules ' Cyslic duct

5,

Venlral pancreas

T

Duodenum - 1 Dorsal pancreas

Gallbladder
Hepatic ducts Comunon bile duets
)
Cystic ducts
N

Dorsal pancrealic
duct {rcgressing)
Hepatic duct !
! Anastomosis of
dorsal wit
ventral duct

Cystic duct -

S
Ventral pancreas

Duodenum \‘ : ¢
Duodenum  —— -

Gal-lbladdcr

Venltral
pancreatic duct

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 beeome 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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Medastinum
(inferior dorsal part)
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superior parl of m————
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- - Parictal pericardium
/ {both derived [rom
) pleuroperieardial fold
ol cmbryo)

conlaining
pericardial cavily !

Pericardial
cavity

Right
pleural
cavity

Costephrenic 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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External

- Dorgal aorta ln?ernnl carotid arterics
carotid artery

Aortic arches

Righl —
Vagus nervel,

Common

carotid artery Arch of aorta

Right

subclavian artery Lelt recurrent nerve

Right
Recurrent nerve

(=T * LB N 7% S ]

Duclus

7h artertosus
—_— .
. interscgincntal N
Right dorsal arl%:ry R
aorta Pulmonary

artery

Left common carotid artery

Right exlernal ke Lelt internal carotid artcry
carotid artery M
Right vagus - \ i%

(L

Right
subclavian artery

Lefi subclavian arlery

Brachiocephalic
adery

Ligamentum arlerosum

Ascending acria

Descending aoria

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
arteriosur.
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Formation and fusion of bilateral heart tubes
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Heart tube looping and development of regions
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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
indicate the levels of sections A, B, and D in Figure 9-12.
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Overview of the formation of the earliest arteries and veins
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Development of the hepatic portal circulation and the umbilical veins in the pig embryo. Compare
10mm pig section to C (8-9mm). (From 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 three stages of kidney development
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Development of ureters, bladder, and urethra
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Transverse sections through the mesonephros and developing gonad of a mammal: A 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. (Shightly modified after Williams
and Warwick.)
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Uterine tube

f

Uterine septum

Caudal tip of
paramesencphric ducts

Tissue of 7"
sinovaginal bulhy
/ (vaginal plate)

Urogenilal sinus

A B

Schematic drawing showing the formation of the uterus and vagina. A, At9Y 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.
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Schematic sagittal sections.showing the formation of the uters and vagina at various stages of
development.
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Differcntiation and development of the male excrctory system
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The major events in human cogenesis

Age Follicular Meielic events Chromasomal
A ) .
histology in oyom complement
Fetal . ,
period No follicle Ooponitum 2N2C
Mirsis
Before or Primwrdial
at birth lollicie Frimary vocyle INAC
Meiasis in progress
After Primordial
Birh follicle Primary oocywe IN4C
Arrested in diplotene
stage of first
meiotic divivion
Aler Secondary
pubeny fallicle Primary oocyle 2NAC
First meiotic divivion
completed, siart of
second meiatic
division
Tertiary Secondaty oocyle
- -
lollicie IN.2C
o Polur bedy |
Osvirlanion
Ovulated Secondary vocyte
3 L
- IN2C
oviim Mo
Polar body [
Arrested at metaphase |
Fertitization - second
mefotic division completed
. rtiltzed ovum e
Fertlized Fertilize IN1C
N T
ovim - &

194

Polar hody 11




ATLAS OF EMBRYOLOGY

Ulerus Utcrine tube

Fimbriae
Ovary
Round hgament

Prepuce
Clitoris

External urethral opening

S Sl e

The female genital system

Ampullz of ductus
Urinary bladder defgrens

Seminal vesicle

LT LT
R

Y

Urethra

Ejaculatory duct

N
Prosune glund

- S
Scrotum ="

rastatc urethrl
Septum of (estis

Cowper's gland
Epididymis

Semmilerous wbules

Efferent ductules
Tunica albuginen

PN bl

Male reproductive system

195



ATLAS OF EMBRYOLOGY

g bl @iledll (195G
7 '
\_) ) /\;[ 2-cell slage zygote
\_i_z 7 S e
A a"-’ “\ ““"'\
r 4 By C

Inner cell
mass

Blastocysl
cavity

cavity Yolk sac

Amniolic l l

cavity

Common

chorionic cavily R
Common l
Common
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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 common chorionic cavity.
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Stages of development of the human embryo. Figures show approximate age in days.{ 22-day-old
embryo, after Arey: Developimental Anatomy; 37-day-old embryo redrawn from Hamilton, Boyd, and
Mossman, 1947, the rest after Streeter, 1942 — 1951.)
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The Stages of Labor

Uimbilical cord

Cervix
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~~- Cervical canal

Fully developed [etus
Sacral
prominence

(a) Dilation stage

Lterus

Ejectien ol the placenta

(b Expulsion stage

{c) Placental stage
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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,
enters a period of rapid increase, and then reaches
a plateau.
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Chart showing the embryonic derivation of the principal parts of the adult body.

Ectoderm

Endoderm

Mesoderm

EMBRYO ADULT

—FEpidermis

—Skin derivatives (hair, glands, etc.)
———Olfactory organ

—1.cns of eye

—-Inner car

—Anterior pituitary

—Somatic Ectoderm

—DBranchial skeleton
—Necural Crest {(ianglia and sensory nerves
—Adrenal medulla

—DBrain and spinal cord
——Cranial and spinal motor nerves
—Retina and optic nerve
—Paosterior pituitary

—Neural Tube

—Lining of digestive tract
—Liver and pancreas
—Respiratory system
—Bladder

—(Certain endocrine glands

Archenteron (Primitive Gut)

—Neural Crest Reduced or obliterated
Dermatome——  Dermis

—Epimere ESclcrolomc— Vertehral cotumn
Myotome ——— Skeletal muscle and appendicular skeleton

Excretory organs

— Mesomere L—Reproductive ducts

——Somatic Layer ————— Parietal peritoneum
Visceral peritoneum

Mescenterics

—Hypomerer— Splanehnic Layer Heart, blood cells, and blood vessels
onads

Museles of viscera

— Coelom——————Reduced or obliterated
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rabbit

fish alamander turtje chicken man

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, (After Haeckel, 1891),

sall gl Jala (383 ol aga il e pladl QAN B cd e A I co sl 4l

Preformation, 17 Century idea of a human spermatozoan
which was supposed to contain a minute embryo. (from Needham, 1959.)
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35 days
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,~ Primordial-
germ cells

Allantois
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B

Mesonepliric duct

Mesonephric
Yolk sac

Migration of primordial germ cells during the 4 and 5™ weeks. Arrows in (B) denote entry into gonads.

Comimon dorsal Aora Mesoncphros
mesentery | ¢

Splanchnic Gut Germ cells Intermediate
mesoderm endoderm mesoderm
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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 ovum is a
large cell with organelies. 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 cefls project to the surface of the
ovum through the zona pellucida.
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Ultrastructure of the oocyte, zona pellucida and follicular cells
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(b)

Spermatogenesis gl Olfguadl 1ol

Seminiferous  tubules in
the mammalian testis. (a)
Schematic diagram of a testis.
Each testis is divided into
lobules containing seminifercus

Residual I

Spenmalids

f;ccr(:::fo?yle B e firs tubules. These tubules are

\f\l (875N connected via a network of
Primary \\i@'.‘-“’ Bloed- collecting ducts and the
spermatocyle i Tme? A Y Bartier epididymis to the ductus

deferens, which joins the
urethra. {b) Light micrograph
showing partial cross sections
of tubules and clusters of
interstitial cells in the spaces
betweenthem. {(¢) Drawing of a
section of a seminiferous
() tubule, showing Sertoli cells
and germ cells at different
stages of spermatogenesis.
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Gametogenesis

/ Fertilization
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Comparison of spermatogenesis and oogenesis. Primordial germ cells divide mitotically,
producing spermatogonia in males and oogonia 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 oogonium; the small polar bodies attached to the egg have
no known function.
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Human Spermatozoa and spermiogenesis
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Egg plasma Vitelline Membrane of old
7 inembrane Jenvelope ; acrosomal vesiche ’
’ / ; /

Fused plasma
membranes

Jelly zoat

Spem plasma Enzymes s /Acrosornal
membrane released from M 7 prOCess
acrosomal BT D
Acrosoimal o~ vesicle i
membraneg - —-— [ A :
i f £
Acrosomal e A G actin L Fused

Contemis -

Microfilaments

Nuclear

envelope Spenn plasma

meinbrane

1¢)

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 jeliy 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 vitelline 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 eqg.

Acrosome

Sperm plasina___

membrane Vesiculated

membrane

Anterior sperm plasma
membrane derived
from inner acrosomal

Inner acrosomal membrane

membrane

Oulter acrosomal
membrane

Nucleus . .

Cenrriole

(2) {b)

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 cuter
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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Fertilization o las-Y1

Corona radiata cells

Release acrosomal
contents \ i !

Polar body
in division

Inner acrosomal
Acrosome meimhrane
Secondary oocyte in
2nd meiotic
division

Sperm
nucleus Plasma
membrane

Fusion ooeyte and
sperm cell 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) (<)

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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LAl Dlowxd! 103955
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-ocpague 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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(c)
= fertilization memyrane il L2
——— perivitelline space :\.)Ln JL) iilaa
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Enzymes from

cortical granule H;0
dissolve bonds
Vitelli ( —Fertilization membrane
itelline envelope /_———""'—"—"
—
Bonds holding ’ e / Hyaline |
vitelline envelope ——1 ; i F § 3 \WM soo= valine layer

to cell membrane

k j \—/——-——* Egg cell membrane .

Cortieal granule

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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CLASSIFICATION OF EGG AND CLEAVAGE TYPES

EGG TYPE CLEAYAGE TYPE CLEAYAGE PATTERN EXAMPLES
(YOLK DISTRIBUTION)

# PORIFERA (SPONGLS)

 RADIAL - = - - erorees o COELENTERATA (JELLYFISH)
s
(:D /:[\\ @ @ ECHINODERMATA (STARFISH)
LQuat . i DISYMMETRICAL

s\l

HOMOLECITHAL |
(ISOLECITHAL AND ALLCITHAL) F-- HOLOBLASTIC _J | ASCIDIA (SEA SQUIRTS)

| AMPHIOXUS

r NEMATODA (ROUNDWORMS)
ROTIFERA (WHEEL ANIMALS)

BILATE:RAL J—

! T T | PETROMYZONTIDAE
. s ,/IT L@; h‘r\‘

! ) 11T | AMPHIBIA (FROGS,
' AR ,/ SALAMANDERS, ETC.)

| HIGHER MAMMALS
L

]' POLYCLADIDA (FLATWORMS)
NEMERTINEA (PRIMITIVE WORMS)
SPIRAL — — ANNELIDA (HIGHER WORMS})

\ MOLLUSCA (SNAILS, CLAMS,
TELOLECITHAL KQ ~EXCEPT CEPHALOPODS)

[ SCORPION

CEPHALOPODA (SQUID)
MYXINOIDEA
ELASMOBRANCHIL{BONY FISH)
TELEOSTE] (BONY FISH)

GYMNOPHIONA
(LEGLESS AMPHIBIA)

REPTILIA
AVES (BIRDS)
| MEROBLASTIC _J [ MONOTREME MAMMALS

L DISCOIDAL - DISCOIDAL —

O

- ARTHROPODA
CENTROLECITHAL - SUPERFICIAL J CSUPERFICIAL -_..._._ ... | (EXCEFT SCORPIONS)
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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.

s Jia

Daorsal holiow nervw cord

Eye spot 4be daiy
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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.).

» Scns ves

A i""‘““cw
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B stig end.

atr. pore -
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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. Adhesive papilla; atr. Atrial cavity, cil. div, Ciliated
diverticulum. becoming ciliated funnel; end endostyle: t, heart;, med. ganglion of trunk; n. gn. nerve-ganglion; noto-
chord; or. oral aperturc; rect. Tectum; scns. ves. sense-vesicle; stig. stigmata; stol, stolon; t. tail. (From Korschelt and

Heider, after Seeliger.)
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Dl 5 oty elis oo
AMPHIOXUS AMPHIBIAN BIRD MAMMAL

before cleavage

-
kel
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- hlastocoel —___ = trophoblast
AT e «\A« T [+ inner cell mass
N P Ears e —
T ;/" o //."'fl P
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blastula-vertical

Early gasirula
longiludinal section

.‘___7#,,ﬂ>{yolk )Z\;; ../
Sample stages of cleavage and gastrulation in eggs of chordates. A. amphioxus, cleavage holoblastic, little yolk;
egg diameter 0.1 mm. (4fler Hatschek) B. Amphibian (frog), modified holoblastic cleavage, much yolk; diameter 2
mm, (Farious sources.) C. Bird, meroblastic discoid cleavage in smali blastodisc on large yolk mass; diameter 30 mm,
{After Blount; and Patten, Early embryology of the chick, McGraw-Iill 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 disappears. (dfter Gregory; and Patten, Embryology of the Pig, Mc-Graw-

Hill Book Company.)

19




ATLAS OF EMBRYOLOGY

poadel) Codl il (g lglol
EARLY DEVELOPMENTAL STAGES OF AMPHIOXUS

il el " el el
p SRR N vitellne membrane g
n_r-d“’ o ol gill S e A;E"{'I s Post.

polar body nucleus

ey sy Sl i
chramosomes g

Y kil el 7

polar bodies T (UJJL-; Jha)

vegetative pm:*u_.L_:.all waladll (L;)gjn )‘m‘)
s

Egg before fertilization

(Dorsal view) hias \i‘ s - . W (Lateral view)

Egg aier fenilization

iy ’
) macrnmeres
Ofalid Aalil g ¥ )y cilalil Syl
2 — blastomere slage 4 - blaslomere slage 8 — blastomere stage 12 - blastomere slage

Aol Caygan Aoy
blastocoel endoderm
P

ectoderm
¥ 4 i g = .
. ; o Fugn E 4y faa Wi Aeaiia 4l 5 : Ruad
sl e A il da e Sagitlal section of 5 °)5'.“ g R (e e g T ol
JJS-J ) + et Sagittal section of early gasturla Sagilial Lalf of laie gasturla
u_x..‘ud'l Al o]l dagiall

neurz| plate

sl aall

notachord
i prall Al olial

nevrenteric canal

neuropore "

mesodermal pouch

eV

ectoderm

Uyt 20 ) gl a (pag g U

Sagittal scetion of a posl-gastrula slage

endoderm
p Syl
cclodenn
Sagutal hallef fully
formed gastrula

Lhinel dagicall  Auaall &) TaasY dakadl
ol Jad Akl L_\aiﬂ{ muscularplate . neural tube
notochord \, lE epimere ankaill S T, a¥
b £, -
S A_“uJ{)'l myotome

: __Y&-“ Lﬁ:cnnaw ITI{; &

&

j mesode;ma{ ar “.‘ % : - coelom™ 3

. peuc & 2
Lalad) e alSEA § JE s Sad ckﬂﬁ&
o ; g -

somalopleure

o sl (sl 7

splanchnopleure

Ug gl vy 4lgbol 40 dado e Dlellad
T. S. of post-gastrula stages

epidenmis

20




MESODERMAL SOMITLS
-POSTERIOR-

iy 9na Lpiac 3\
NEURENTERIC CANAL

G apr sl
CILIATED ECTODERM

ATLAS OF EMBRYOLOGY

. . . Lnac 3G gras i
L g2y e ool - ‘ i
___________ _ NEURAL TUBE NEURCPORE

- -ANTERIOR-
G e g e
{(ﬁ = BT NOTOCHORD
o] _;h??"? i
% llmf"ﬁ"l- ALIMENTARY

CANAL
{moulh rot yel cpeni

dpaaa 3l
ENDODERM ’
(,JJJ_\.'\'L R
Diagram of 12 — somite stage
Luac 30
randl K, NEURAL TUBE

FOSITION OF NEUROPORE

MOUTH ad

{on lefl side, now open)

pill L& 3 sia PREORAL PIT————

NOTOCHORD-—"

ook da

Al 45 Ade
LARVAL CAUDAL FIN

——

SOMITES ahd

NEURENTERIC CANAL

POSITION OF
"] CLUB-SHAPED GLAND ALIMENTARY

CANAL
. APERTURLE OF GLAND
igla poall 5080 A

Ananian 5LB

onls y26 Banw U o) SlaS r
Diagram of a 17 somite stage
i 5 gk pras dia

DORSAL HOLLOW, MOUTH a3
NERVE CORD / (seen threugh first gill slity

U_[\.l‘l‘_ N_—litl
Lﬁﬁiﬁﬂl‘m‘ﬁmﬂ! ' S NEU[?OPORE

Ty
piSE

SECOND GILL SLIT ==
ALIMENTARY CANAL DEVELOPING /
b 5l dadall S Gy W
4 yue Sl 28 P A APPRAER| | | PREORAL PIT
NEURENTERIC CANAL CLUE:-SI-{AI‘L-'D GLAND— - - Egl?&i;rg';f
e S gyt

gl uosdi 9b et Al pod | daddadhd

Diagram of two gill slit stage
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Amphioxus: late larva, E. mag. 250x
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Diagram of 3 gill slit stage
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Stages of neurulation of Amphioxus. In A, B, and C the embryos are represented as being cut
in the median plane. A Earliest stage of neurulation. C, almost completed neurula; 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

Atrelic oocytc

(b) Teleost

Fish ovaries. (a) Hagfish. Oocytes and
surrounding follicle cells are held within the
ovary. (b) Teleost. Section of the ovary of the
Juppy Poecilia reticufata. Ova are fertilized
while they are within the ovary, andthey are

Blastomeres

Cleavage slage

Mesentery

Alrctic oocyle

Primary oocyte

retained well into embryonic development.
There can be one to seven oocytes in
progressive stages of development. Atretic
ococytes 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
embryonic 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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Segmentation stage

end of hatching stage

bgaddl Woww S B ladl | Saiond! g (o Ailikn o1 o griogd Adandads paguy
Schematic diagrams illustrating various stages of the embryonic development of silver carp.
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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 adults. Many more changes must
ensue before 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 embryo 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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ekl B Juwliad! e Lubedl Sux! 53l guiogy qus

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
polar 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, resuiting in the formation of a gray crescent ()
opposite the point of entry, which determines the first line of
cleavage (B). Successive divisions (7) form a ball of cells.

Culancous Gelatinous malerial
\

papillac

Muscle Blooci vessels

Operculum

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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Vascular partition

* Cutancous
pouch
* Vascular
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f

Subcutaneous lymph channels

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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External view of anuran development, Beginning with
fertilization (1), morula (6-8), blastula (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

Gray crescent 2 cells

13

Muscular response

o R e e S
A e )
. . . ‘f. -e*-‘”’". 3
RREL: A

Gill cieculation Opereulum development

Late cleavage Dorsal lip

15

Rotation

Limb bud

occurs through the caudal fin. Subsequent events
include the formation 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 between20-24 are not
illustrated.
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Cleavage of a frog egg. 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 coricerning 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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The 3 mm. Frog tadpole: sagittal section,

o © ok 00as B (I (5390 ELD
Reconstruction of the S mm., Tadpole in sagittal section
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Development of the brain and anterior structures of the frog tadpole. {Center) Median sagittal
section of the 7 mm. frog tadpole. (Bottom) Median sagittal section of the 11 mm. frog tadpole.
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T. s. of the gill region of enfernal gill frog larva
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T. s. of the gill region of enternal gill frog larva
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Intcrmediale compacl layer of epidermis
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Development of skin of frog. A-Section of skin of carly neurula; B-Section of skin of early tadpole; C-Section of skin of
mature tadpole; D-Section of skin of a just metamorphosed frog (after Nelson, 1953). E. Section 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 7mm. larva. (Bottony) 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 nuclej of origin

to 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

are shown

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 strengths 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 a limb-bud of an amphibian embryo.
(after Balinsky, 1970}
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Differentiation of a limb-bud
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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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Parts of the middle and inner ear of the frog, schematized drawing.
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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. (Tep) Development of the external gills. (Center) Changes from
internal to external gill circulation.
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66




ATLAS OF EMBRYOLOGY
o (@b denis By S Dilelad

Olfactory pit 4ad 3 jis
Diocoel (b iy gl

. Pigmented layer :\J_;I- :L—u.L:
.i', \/Rclina :Qs.h-:

| [ens Aaic

Cramainerve V. jaalit} u."s.q.'l'h el
Cranial nerve VIl t_ll-u-‘ll u."..all Cuaddi
" Otic vesicle :LgAAu u‘A‘,:L

Cranial nerve 1X tuﬁ“ il Caall
Cranial nerve X _estad! u_-l.n.“ Caaanll
Laleral hine nerve u-u[;.“ Lall ae

el (Al Crmnll Cranial nerve VI
LS_)\!-L.‘ (b Notochord

Anlerior cardinal vein
PP EV RIS
L Somite Asliac delad

T Neurocoul et &gl

{—  Spinal nerve us_‘i'*:‘ el

Y g HUI Reiiall B S g £
The 7mm. frog tadpole: froutal section.

. ) o Neural crest U-k-ﬂ“— A o

cenc el i A 3

i ke Mesenchyme T-3i,7e/y,  Denmatome Azadl e
v ! \Y Myotome :L}L_as 3\_..!;5

R Latera! line nerve u-u[;.“ il caar
! A T', U8 Selerorome S dadad

M ek~ Newrocoel | leal iy st

!l'%;-, 5‘3 . Motochord | ghals d.\:. .

s [ L Post-cardinal ven PP ] -
'p.._ ) Sub-notochordal Jjﬂu‘lﬂ\ aad lat
l" i ‘%;‘ Coelom a yi

o "('Jf‘ ¥ Somalic mesodenn | gawi ;‘J-‘Jj_“

s

Y s .
.| " \Qw Splanchnic mesoderm (§ g 2 A9 e

f.. o i Gul
i‘is’-'a".-'""m-' L

P, A
) .'.'.t';‘ T 7 Yolk e
inegRSesay i A
! '4‘3"'1, L.g S
I /.

R
\ B fANLA .
e a ‘ _/75‘ ol Vuelline veins 42aua 33 ) )
ol 4

o,

Y el HUIN desilall B 3 iz it 3 25 L
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Schematized diagram through the level of the gonad primordium of the 11mm. frog tadpole.
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(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.

72




ATLAS OF EMBRYOLOGY

SIUOLING ID]BA MOYS
SMOLIE IPIS 1J3] UO JqIUBYD
teryoueiq Juimoys weider(y

HE3Y M0[aq
UCHEIUNILIOY [OQLUIRYD
{elyourIgIaIuf

{.q)

Aloue
[epne’ uroA

[EpTED),

104d010U
paoy203 snue

aunsaut

Joay o ut e1dnsoA
2Ie 7 PUE [ SSY9IE [EHOY

UISTUEY33UI [EI]SUERIG 2] JO
ped se uonsunj g-¢ SAYIE [BUOY

BAED BUJA 10LIDJUI SNSOUsA

snuis

9{oLNUIA

wnjdas
2S12ASUBT)

[FEYSELHTESTEN :
1 = Atape quosea

[ewIa1X2

SIpI0D 1001

snqmq

pi0o jeulds

UlaA [RUIPIED
1001350

3[0IsaA
ono

sisAydodAy

AJlAmD [BSBU

uie1q

ATaHE P1IOIRD [EUIiLL

|esiop
Asape Areuow)nd

utaa Areuownd

-3

By I.b

i

)

wo VA=1+ o lalgl

Drawing of 10-18 mm frog tadpole. (From Comparative Embryology of the Vertebrates by Olin

f McGraw-Hill Book

1§§10Nn o

E. Nelson. Copyright 1953 by the Blakiston Co. Inc. Used with perm

Company.)

73




ATLAS OF EMBRYOLOGY
i 1 el Ofd Asuio By £5 S Pl .3

Oblique s. of the trunk region of external gill frog larva

Lens—-- o —. I P Mesenchyme
| Forming Choroid

OpticCup  —,

Auditory Vesicle - .

[~ = Olfactory Pit

Anterior

Cardinal 1,_

Vein J‘ N

Hind Brain - -

Viith Cranial Ganglion -~ . . i
——TFore Brain

VTH Crnial Ganglion 7
Lateral _  __
) ] : Appendix ~— Olfactory
Anlterior Cardinal Vein - ——— Placode
Oesophagus Closed — Extemal s Pharynx
Gill
Dorsal aorta — -, by Plug of Cells —3 ,/ I~ Dorsalaorta
Myot - ", i 4 J
yotomes - \ Pronephric Bulger—] / ] ~ Infundibulum
Notochord - "‘ 5 Stomach —-— . ‘
. . G\ -~
e 7y i Olfaetory
o N ) & Organ

*g/?\
o

R | \\\ \ : <V
) §§
Iy A
T G N
DL

Poscrior Cardinal Sinus <" .~ ;’/ ﬁ u‘f/“ - -f,_ ek ;

. 2 o Nephrostome  -———' ;/’ ) i Telocael
T ] Pronephrie Tubules - Aorlic Arches —/ ; L --Telencephalon
e . 7 VTH, VIITH & [XTH
20 Visceral Arches ---— Craniat Ganglia Oplic Cup - Lens

A2 ) bl Old Aenin By £ D BT .3
Horizontal s, of the head region of external gill frog larva

74




ATLAS OF EMBRYOLOGY

0F X 'eAle[-801) [[IS [LUWId3UI JO UOISAI YUNI) 1) Jo *S|
26 e pf P (K oovoy ¢ A7 Qo1

AIIARD) [BIPIBDIIZ] — \/

Jaquey?) Jeindaazdoy

SI[10) [ewau] \ /
ya1y ooy I|/, \
10417

PUEB[D SNOJIRA] -/

Yoy
|eJ22sI >f//

.
a8e1uE]) T~

[BAYOIEID) Ty
sdeinie))
espend)

spasnp ——%-

§530014
plo34img —oejeg —

Anar) [eaong

uoy[3uen [e1ueI) HIA 1\

sajeld 182 \.,‘, /
F\L_.\ ’ enfuen

xuk1eyJ ,& i T
s Alojpny ——— HLX ¥ HIX]

B

Y
. / /.. /
\ / /, .,./

pRwoIg ——

umpsy —— ]

aunsauy — .ﬁ
!
!

1PN
(uetgz[opm) staydauosapy

nn,.-Er.»

- .. .‘ .... / . ] |\ N . //

A — ItBL
\ L N sowoiohp
N Y

: a[nqu,
suydauoly

— swoisorydaN

——————

N

PIOUI0ION

19T suydauosajy

o — UL [EPTED
:o:u:mmv/’“ urg
— Jewdg ! TepED

L umplay
pio) [emdg

75




ATLAS OF EMBRYOLOGY

Spinal Cord —_— r— - Verebra

Developing Centrum - - — —

- ———— Neurococl

Systemic Arch ~— Nolochord

Myotome

Cesophagus _. . _ . Transverse Process

Liver - — - __ . : & I, S ~—————— Scapula

Developing ~
Muscles of -~
Forc Limb |

Mwm_m_wm..mmm T\ . . = 2T \ | — Opercular Chamber
and Ulna |} g 4 Y \
' S \ 5 — —~—— Stomach
Humerus - -~/ Gall Bladder ~ v\
N / RS- [ntesting
Devcloping Phalange —~ /f‘-| Coclom

o 1 el Wil W8] olo¥ 18 kall dilain 3. £ .3
T. s. of fore-limb region of 19mm. tadpole

76



ATLAS OF EMBRYOIL.OGY

Telencephalon

Olfactory Organ

Pharynx

Lip

Tooth

il plans yoag oo 1+ lglgr A3 921 B (S .6 -3
10-mm frog tadpole (Witschi stage 24), transverse section through
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The female reporductive system of the fowl (After Coste-Iuval.)
The figure shows two eggs in the oviduet, though normally only one is
in the oviduct atatime. A, albumen (dense layer); B, blastoderm; C,
cicatrix; cl, cloaca; F, follicle from which egg has been discharged; G,
Glandular portion of oviduct, I, isthmus; O-O4, ovarian ova in
L © different stages of growth, each enclosed in a follicle richly supplied
4" with blood vessels; O,, ovum in upper end of oviduct; Oy, 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 fto Verrebrate
Embryology. Copyright 1949 by McGraw-Hill Book Co. Used with
permission of McGraw-Hill Book Co.)
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vitelline membrane blasiederm S
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outer thin Tayer

chalaze

I
weight of egg yolk in grams

shell membrape

shell and cuticle
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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 are 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 shell. (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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Cleavage of the germinal disc of the ovum
of the domestic chicken. Left hand figures are
surface views; right hand figures are transverse
sections. (After Patterson.) (A, a) 2-ccll stage.
(B) 4-cell stage. (C, c) §-cell stage. (D) 16-cell
stage. (E, e) 32+ cell stage. (F, ) 154t-cell
stage. (f") Diagrammatic hemisection of
blastoderm of 154+ cells.
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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, (¢) 16 h
incubation. {d) Interpretative diagram of cell movements.
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Morphogenetic movements during foregut 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. Both A and B are viewed from the ventral (endodermnal) 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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Fate map of the chick embryo at the beginning of gastrulation, {Based on the experiments of G. C.
Rosenquist and G. Nicolet.}n, notochord; hm, head mesenchyme. (From An Introduction to Embryology,
fifth edition by B. L. 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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Schematic diagrams indicating the cell movements involved in the gastrulation of chick embryos. (A)
Longitudinal section of the blastoderm from a pre-primitive-streak chick during entoderm formation. (B)
Longitudinal plan of embryo of approximately 17 hours of incubation to show the relations of the growing
notochord, Hensen’s node, and the primitive pit. (C) Cross section of embryo in the primitivestreak stage to
show the wrhing in of cells at the primitive groove to enter the mesodermal layers.
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Dorsal view (X16) of entire chick embryo having four pairs of somites (about 24 hours' incubation}.
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Ventral view (X40) of cephalic region of chick embryo having five pairs of somites (about 25 to 26
hours of incubation).
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Diagrams of sections of 24-hour chick. The sections are located on an outline sketch of the entire
embryo. The conventional representation of the germ layers is the same as that employed in Fig. A-2
except that here, where its cells have become aggregated to form definite layers, the mesoderm is

represented by solid black lines.
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Dorsal view (X 14) of the entire chick embryo having 8 pairs of somites (about 27 to 28 hours’ incubation).
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Dorsal view (X17) of an entire chick embryo of 12 somites (about 33 hours’ incubation).
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