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BiBRYOLOGY OF THW CHUM SALION (Oncorhynehus kets),

INTRODUCTION

The following paper, draling with the embryology of
the Chum Salmon (Oncorhynchus keta), is the result of work
carried on by the writer at the University of British Columbis,
during the sessions of 1920-21 and 1921-22.

This species is known under the various names of
Chum Salmon, Dog Salmon and Jeta. The spawning season at
Harrison Lake in 1920 lasted from October 24th to December Lth.
The material was obtained from the Harrison Lake latchery,
through the kindness of :irs Alexander LKobertson, duperintend=-

ent of the hatchery.

The materisl was collected regularly every day, from
a bateh of eggs that were fertilized on Hovember 8th, until the
yolk was drawn into the body, April 13th, 1921. The temperature
of the water during this time veried from 5°C. to 10°C. The
percentage thot hatoched out was large, being apnroximately 92%.
The greater number hatched in 101 days and the remainder with-
in the next few days. The period from the time of hatching

until the yolk was drawn into the body was 55 to 60 days.

The killing end fixing solution that was used was

composed of 95% alcohol, formal lehyde, glacial scelic acid and
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water in the proportions of - BOO : 12% : 5 : 200. Vhen the
material reached the University of British Columbia it was at
once changed to 70% aleohol.

After trying various stains, it was found thet lMayer's
Alcoholic Cochineal (See Lee: The Uicrotomist's Vade llecum, 7th
Bdition, 1913, p. 150, pp. 236) gave good differentiation, so
thisrstain was used throughout. A1l embryos were stained
whole anml then imbeded in paraffin according to the usual meth-
ods.

The egg membrane on Chum eggs is very tough. Both
this and the yolk when they were dehydrated became very brittle
and rendered sectioning very difficult. This difficulty wes
overcome by removing the egs membrane in all cases and as much
of the yolk as could be removed without damaging the embryo.
Small embryos, with a small portion of the surrounding and
underlying yolk, were cut from the surface of the yolk with
a razor, before the imbedding was completed. Large embryos

were dissected from the surface of the yolk, with needles.

All embryos were studied as whole mounts and in
series of transverse sections. In cases of difficulty series
of longitudinal sections were also prepared to e2id in the cor-

rect interpretation.

The writer takes this oprnortunity of acknowledging
hisg indebtedness to, and of thanking lMr. Alexander Robertson,

Superintendent of the Harrison Loke Hatchery, Dr. A.H.Hutchin-
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son, Head of the Department of Botany of the University of
British Columbia, for suggestions in histological matters, ¢nd
in parti ular Drs C. lleLean Fraser, Head of the Department of
Zoology of the University of British Columbia, and Director

of the lMarine Biological Station, Nanaimo, B. C., for encourage-

ment and many valuable suggestions.

TH% MATURY OVUM

The ovum is telolecithal, consisting of a central
yolk mass and a lgyer of cortical protoplasm, slightly thick-
er at the animal pole. Closely upon the cortical protoplasm,
and secreted by it, is a thin vitelline membrane perforated by
pores and known as the zona radiata. Txterior to this is s
thick tough chorion, secreted by the cells surrounding the
egg in the ovary. There is & funnel-shaped opening, the micro-
pyle, perforating both the chorion and zona radiata. The nmicro-

pyle affords an aperture for the entrance of the sperm.

FERTILIZATION

When the sperm enters the egg the cortical proto-
plasm flows to the animal pole where it forms the grrminal
disce. Part of the protoplasm never reaches the dise but re-
mains as a thin layer enclosing the yolk. The dise is pro=
minent and before cleavage shows numerous fine grenules in

its matrix (Fig. 1). Through expsmsion of the protective
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membranes or shrinkage of the yolk mass a space, the peri=-
vitelline cavity, filled with & watery fluid appears between
the zona radiata and the cortical protoplasm. These changes
are deseribed in detail by li'Intosh and Prince, (Transac-
tions of the Royal Sociaty of Tdinburgh, Vol. XXXV., part
III - for the Session 1887 - 88, p. 694 to 696.).

SEGM™NTATION

Cleavage is of the incomplete discoid type. The
Pirst cleavage furrow is vertical and divides the disc into
two approximately equal reniform blastomeres (Fig. 2). The
second cleavage furrow is at right angles to the first pro=-
dueing four blastomeres that are slmost equal (Fig. 3). The
first two cleevage furrows do not pass completely through the
dise (Fige. 4)e« The third eleavage furrow is in the seme
general direction as the first and produces four unequal blasto-
meras. There is considerable variation in this cleavage as is
well illustrated by Figures 5 and 6. This represents the de=
velopment of the first day after fertilization.

Subsequently the eells divide individually and
division may oceur in either the vertical or horizontal plane
unt 11 the whole dise is divided and the eells are several
layers thick. At the end of the second day the disce con-
tains about sixty-four cells , of which the peripheral ones
are considerably larger than those at the centre (Fig. 7).
The cell walls of all the cells except the lower peripheral
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ones are complete. A thin layer of unnucleated protoplasm
separates the lower cells in the centre of the diso from the
yolk. This is the central periblast (per.). The periblast
and the peripheral cells are continuous however (Fig. 8).
Between the central peridlast and the disc 18 a flattened

cavity, the segmentation cavity (seg. oav.).

BLASTULATIONR

A8 the 06lls ocmtinue to divide, they decome small-
er and approach equality in size. At the same time the out-
er 0ells begin to assume the regularity of a layer. By the

end of the seventh day, dll the cells are about equal in sise,
anl the outemest form a row of rectangular ocells (Fig. 9).

As was ment ioned above, all the cortical protoplasam

does not entexr the diso. It persists as a thin layer around
the yolk and is thickensd at the margin of the dise, foraming

the peridlast. The peridlast 18 ocontinued between the dise
and the yolk as the centrsl e ridlast. At first the pri-
blast is unnmuols sted (Fig. 8, per.), but by the seventh day
large nuolei, obtained from the peripheral blastodermal cells,
appsar outside the margin of the dise, forming a synoytium
(Fig. 9, nu.). These rapidly extend outward to form the
nuols ar zone and at the same time extend imward in the central

peridlast.

By the end of the fifth day, the shape of the blasto-
derm has changed oonside radbly and is markedly biconvex, the



lower surface resting on a deprescion in the surface of the
yolk. The blastoderm soon extends laterally and becomes
flattened and of about equal thickness throughout, though it
is still several cells thick. This thining continues and by
the tenth day the ecentrel mrt of the blastoderm is not more
then two or three cells thick (Fige. 10). The periphery re-
mains several ceells thiek foming the germ well (g.w.). Due
to the changé of shape, the segmentation cavity (seg. cav.)
become s more elevated and the blastoderm rests on its peri-

ph 81T

GASTRULATION AND FOIMATION OF THY FWMBRYO

As the thining takes place, the blastoderm begins
o extend over the yolk, the process being knowm as epiboly.
Tha corm wall during the 12th day becamw s greatly thickened
along the margin that corremponds to the posterior end of the
foture embryo. Before the =2nd of the day, an involuticn of
this edge of the blastodermn taskes place. The inturned edge
lies between the periblast and the blastoderm. The involution
soon progresses sround both marging of the blastoderm forming

a ring, the germ ring.

In surface view the germ ring (g.r.) appears as a

darker ares around the margin of the blastoderm. In trans-
verse section the germ ring appears irn the same condition as

at the entericr pole (a.p.) in Fig. 13.
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The outer or colummar layer of the bdlastode m takes
no part in the formation of the garm ring. It remains as a
distinct layer to the point of contaoct with the periblast.

Centripetal growth of the germ ring t:les place at
the postorior pole, forming the endoderm of the future embryo.

During the 13th day, a denser area, the embryonis
shield (emb. sh.) appears at the posterior pole of the blasto=-
derm (Pig. 12) and marks the position of the head resion when
the embryo is formed. This dense ares is formmed by a thioken-~
ing of the ectoderm and the forward growth of the endoderm.
The outer edge of the endoderm coincides, or nearly so, with
the edge of the thickened ectodermal area. Figure 13 shows
the structurs of the shield as it appsars in a section along
the longitudinel axis of the shield. The ectoderm (eot.) 18
+hickened aml the endoderm (emd.) extends to the edge of the ‘
thickening. At no place are the endoderm or ectoderm differe
entiated to the mergin of the dlastoderm. Both merge into
the thickened germ wall (geW.).

About the 14th day sn elongated thickening appears
in the middle of the embryonic shield and gradually extends
posteriorly. This is the medullary plate (med. pl.), the

primordium of the nervous system (Fig. 14). Due to the
earlier development of the anterior end of the mwdsllary

plate, the anterior end of the central nervous system, the

brain, is larger than the spinal cord throughout life.



The medullary plate (med. pl.) is an elongated
thickening of the ectoderm. Its appearance in transverse
section shortly after it is formed is shown in various re-
gions from the posterior to the anterior end of the embryo in
Fige. 15, A to We At the anterior end it is a small keel-like
structure (15,7), which gradually enlarges (15,D) to the point
whe&'e it first appeared and then becomes smaller more post-

eriorly (15,B).

The endoderm (end.,) at this time is several cells
thick at the enterior end -f the medullary nlate (Fig. 15 7).
It extends to the posterior end of the brain region however
as a two-celled leyer (15,D). TFrom this point two lateral
thickenings, the mesodsrm (mes.), extends to the posterior end
- 0f the embryo. At the anterior end the mesodrrm is free from
both ectoderm and endoderm, (15,B). Between the free bands
of mesolerm is a thieckened ridge of notochordal cells, con=-
nected to the endoderm except at its extreme anterior end
where it is free, forming the notochord. It is free from the
ectoderm farther posteriorly then it is free from the endoderm.
Farther posteriorly it is not distinet from the mesoderm or the
mesoderm from ectodsrm. Thus at the posterior end all the
structures pass into an undifferentisted cell mass (pr. s.) of
congiderable extent. This posterior mess is slightly elongated,
and, as it corresponds to primitive streek in high~r forms, this
term will be used in referring to it.

It is at once apparent that all the structures post=-



erior to the brain region are being differentiated from the
primitive streak and thut the differentiat ion trovels fram
befor~ backward,

There has been muoch discussion as to the origin of
the mesoderm. In this case thers is every reason to believe
that the mesoderm of the body is d~rived directly from the
regin of the primitive streak,

DPVLOPN™YET OF THY PRIITIVS STKTAK AND
THE CLOSUR® OF TH¥® BLASYOPURFE

¥piboly, which was mentioned above, contimies through-
out the entire margin of the blastoderm but much m re rapidly
at 1ts anterior pole. At the posterior pole due to the thiock
mass of cells, the germ wall progresses posteriorly very slow~-
ly. As it does so, the primitive satreak is formed by the con-
eresence of the extra-cmbryonic portion of the germ wall and
germ ringe. Thus the primitive streak is oontinually receiv-
ing portions of the germ wall and germ ring at its posterior
end. The primitive streak in turn loses cellular material
at its anterior end by the progressive posterior differentia-
tion of tiscues, as was explained sbove. In the Chum Salmon

the primitive streak is never vory long, (Fig. 16 - pr.st.).

The blastopore may be sd d to exist from the moment
epiboly begins. It coincides with the margin of the germ ring
and may be regarded as a spacious mouth from which the yolk
vrojects. The extension of the bdlastoderm over the yolk in-

oreases the size of the blastopore (be.p.) until the equator is
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reached, but from that tinme its radius nerrows until finally
about the 22nd day it is a small round opening at the post-
erior end of theembryo with the yolk-plug (y.p.) projecting
into it (¥ig. 17), As mentioned above the posterior pole
advenees more slowly thon the anterior one. Thus in "“he Chum
the blastopore closes less than one-quarter of the circumfer=
ence of the egg, posterior to the point where the embryonie

shield first appesars.

About the 22nd day, the blastopore closes the later-
8l edges come close together making it elongated in the line
of the primitive streak. This would seem to agree very well
with the idea that the primitive stresk is formed by the com=-
sresence of the extra-embryoniec germ walls. TFinally the walls
fuse and form a solid csudal mass which supvlies the cells for
the backward growth of the various lgyers Tound in the caudal

region.

About the 18th day, before the blastopore closes, a
small vesiele appears slightly anterior to the edge of the
blastopore. This is Kupffer's vesicle, a vestige of the
archenteron (Fig.l84, k.v.)e It lies ventral to the endo-
derm (end.). Below it there is no trace of cellular div-
ision so it must be bounded ventrally by the vperiblast (per.).
Before the blastopore closes the vesicle is cut off from the
periblast by the ingrowth of the endoderm arovnd its lateral
margin. In this condition the vesicle cppears as & dorso-

ventrally compressed lumen surrounded by endodermal cells

(Figu 18-B » koVo)o
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Posteriorly the lumen is in some cases continued as

a minute opening, for some little disteance. This may be a
vestige of the neurenteric canel which, if it were present,

would open into Kupffer's vesicle, the posterior part of the
archenteron. This is plausible as the lumen is much longer

than the arca of endoderm that arches the cavity before it is
cut off from the periblast.

DUVELOPM®NT OF THF. BRAIN

During the 16th day, the enlarged anterior end of
the keecl-like nenral plate, the brein (br.), begins to be con=
strieted from the eplidermic lgyer of ectoderm, at its anterior
end. At the same tine two lateral optic areas (opt.) eppeer
as protruberances near 'the anterior end (Fig. 19). By the
18th day the brain is entirely constricted from the ectoderm,
leaving its dorsal surface rounded. In the optic vesicles
(opt. ves.) a fissure appeasrs forming a narrow lumen (Fig.20),.
In the region of the future midbrain there is & median fissure,
the neurocoele, not yet continuous with the lumina of the
vesicles. The neurocoele develops anteriorly and posterior-
ly and at the s=me time the conneetion is established with
each optiec vesicle by separation of the intervening cells
(Fig. 21). Its posterior development in the brain is com-
pl_eted before the 20th day at which time it extends into the

neurochord to the region anterior to the primitive streak.

As it first appears the neurocoele is a vertieal
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Pissure with thick laterel wells but thin dorsal and ventrel
walls. This structure remains for & few days though the

neurocoele mey become slightly broader (Fig. 21).

A notable change now takes place giving distinetion
to certain regions of the brain. As early as the 20th day,
lateral development takes place in the regions of the mid-
brain (m. br.) or mesencephalon and hindbrain (h. br.),
establishing a definite mesocoele and metacoele (Fig. 22).
The intervening region does not develop appreciably and by
the 20th day eppears as a deep construction, the igthrms
(Fig. 23- isth.). Before this time, the anterior end of
the brain begins its lateral development, forming the telen-
eephalon (telen. ), vhich is sepersted from the nmidbrain by a
narrower part, the diencephelon (dien.) The lumina of thege

two parts sre the prosocoele and discoele respectively.

There are feirly definite 1limits to the different
parts of the brain though they pass gradually into the adjacent
regions (Fig. 23), In transversce section there is consider—

able difference in structure of the verious regions.

The prosocoele is ulmost square at its widest point
(Pig. 24), but narrows anteriorly and posteriorly. The dia=-
coele is narrower (Fig. 25) v d is produced ventrally into a

smell diverticulum, the infundibulum (inf.), whieh apvears
first at this time. The walls of these regions are of about

the seme relative thickness as those of the earlisr embryos.

At its grestest extent the large mesocoele (Fig. 26) is
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rather eruciform in shape. The latero-ventrzl walls ere be=-
coming thisck in the region of the erurs cerebri. The dorsal
wall is thin medianly but thickens laterally. “he lumen of
the isthmus, the iter, is narryow and considerably depressed.
Its walls, with the exception of the ventral, are thick. The
hindbrain (Fig. 27) is triangnlar with its apex placed vent-
rallye. The latero=-ventral walls ara vary thick and are
separated by a lissure. The dorsel wall is a single layer of
non-nervous tissue, the choroid plexus, (chor.pl.), except at
the extrene anterior end where it is sevoral cells thick. This
anterior thickenin;; is the metancephalon or cercbellum ¢nd the
remeinder of the hindbrain, the melencenhslon or medulia ob-

longata,

From this stange the develooment of the parts of the
brain slready deseribed mgy well be telen sevnarately. “he im=
portant changes are not o rmeh in the relative sizes of the”
parts bt in the distribution of the nervous matter end hence

the thickness of the wallse.

The myelencevhalon durins its development incresses

in size. This inerease is due to o ~reater thickening of the
nervous part. Thug the metacoele becomes relatively smaller
as the ventr-l and ventro-lateral walls hecome thickened. A4t
the time of hatching (¥Fig. 28) the medulls (med.) consists of
two thick ldgbero=-ventral bands of ne vous tissue with the neta-

coele dorgal to them, and the dorsal non-nervous choroid nlexus

(chor. pl.). DBy the tinme the yolk is absorbed the floor of
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the metacoele has become even thicker. Anteriorly the choroid
plexus ends at the posterior basal edge of the cerebellum. Post-

eriorly the nedulla pasaes grsduslly into the spinal cord by a
thinning of the floor and a thickening of the roofl of the lumen.

The cerebellum until shortly before the 80th day con=-
sists of o thickened mass of cells at the anterior end of the
choroid plexus. At this time however an evegination tekes
pleace. The wells remain sev-rsl cells thick and enclose the
ceresbellar lumen or epicoele. The cersbellum develops post=-
eriorly dorsal to the choroid plexus of the medvlila =nd is as
broad as the medulla. By the time of hatching, it extends
well over the medulle {(Figur~s 28 . nd 29, c¢blm.), which it
Qompletely coverg by lhe time the yolk is absorbed. The
epicoele percists for sonme time efter hatching, but is ob-
literated by a thickening of the walls, before the yolk is

sbsorbed.

The midbrein develops greatly on the dorsal surfeace.
Due to this development it gradually extends anteriorly over
the diencephslon (Fig. 34, m.br.), and vosteriorly over the
cerebellum (Fig. 29, m.br.). By the time of hatching the
diencephalon proper is campletely covered. As the midbrein
develops the iiesocoele is reduced by the develorment of two
longitudinal masses, the crura cerebri (er. cer.), on its

floor. The dorsal part by o medisn constriction becomes
divided into the optic lobes (opt.l.) vhose ventricles or

optocoeles extend later-1lly (Fig. 30). The walls of the

optic lobes remain thin in the aid-dorsal line where the
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lobes are divided.

The diencephelon develops consideradbly laterally with

end inecrease in the extent of the discoele and & thinning of the
dorsal wall. As early as 60 days it shows two 12 rge lateral
swellings, the optiec thalemi (opt. th.), on the ventral wall. By
the 80th day these thalami fill most of the space of the diccoele,
which is a narrow vertical lumen with lateral extensions above
the thalami. By this time the roof is & thin layer of epith-
elisl cells, the choroid plexus, These characters are retain-
ed and the optic thalami show a slight thickening by the time

the yolk is sbsorbed (Fig. 31).

In the telencephalon the dorsal wall thins and the
latero-ventral walls become thickened sbout the same time sas
in the dienceephalon. At the time of hatehing the laterel
thickenings, the corpora strista (corp. st.), almet meet in
the midil‘e line, and the dorsel wall, the pellium, has be-n a
thin epithelial lsyer for some +ime. The prosocoele is re-
duced to a T-shaped cavity much the same as the discoele
(Pig. 35). The place of division of the forebrain is very
indistinet up to the time the yolk is absorbed.

The infundibvlum, mentioned above, develops post=-
eriorly. About the 40th day = thickening appears in the ecto-
derm, slightly anterior to the mouth and immediately ventral to
the posterior end of the infundibulum. It at once becomes in-
vazinated and remains c onnected to the exterior for several

days (Fig. 32). About the 45th day it loses its connection
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becoming the pituitary body, in elose econtact with the infund-
ibulum (Fig. 33)e At first the eells are epithelial in char-
aeter, but shortly aft~r it loses its connection with the ecto-
derm the cells become loosely arrenged and the whole mass
glandular in avppearance. It percists in close contact wit:
the ventral wall of the infundibulum which is thin in this

region (Pig. 30, pite).

The infundibulum until about the 80th day has a
single cavity anl extendls scarcely to the postorior enmd of
the pituitary body. At this time however it gives off two
lateral diverticula, the lobi inferiores, which grow post-
eriorly. At the time of hetching these do not extend beyond
the end of the infundibulum and pituitary boly which lie be-
low the midbrain byt by the time the yolk is absorbed they
extend beyond these to the anterior end of the hindbrain. At
this time the lobes (l.inf.) are distinet from the infundidb-
vlium (inf.) except at their cuterior enls where their wells

are ¢mtinuous and their cavities join (Fig. 30).

About the time that the lobi interiores begin to
devzlop the posterior end of the infundibulum begins to develop
posteriorly foming the sse¢cus vasculosus. At the time of
hatehing this extends slightly beyond the end of the pituitary
body anl by the 156th day slightly beyond the end of the lobi
inferinres. The eavity of the saccus vasenlosus is irregular
and 1is connected by a narrower portion with the cavity of the
infundibulum.
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About the 45th day, at the time the pituitary body
is sevarated from the ectoderm, & narrow evagination shows cn

the dorsal surface of the diencephalon near its posterior
margin,. This is the pineal body (Fig. 34, pin.). At first

its walls are one eell thick and the cavity is flattened, but
as it develops anteriorly its wells become thicker and it
assumes an ovoid form. Its lumen at first flattened assumes
the same shape. Ag it lengthens, it becomes broader and
more flattened due to the limited space except at the post-
erior extremity which retains its original form. 3By the time
the yolk is absorbed the anterior end of the nineal organ is

glendular (Fig. 31, pin.) in eppearance and much larger than

the posterior region where the lumen is a mere fissure though

the eells retain a columnar srrangement.

Before the 70th day another outgrowth apresrs on the
dorsal surface of the diencephalon anterior to the pnineal
organ. This outgrowth, the paraphysis, is large amd thin
walled. Soon it begins to extend anteriorly beneath the
pineal organ. By the 156th day it is a thin walled chamber
almost as brosd as the forebrain (Fig. 31, per.) snd extend-
ing well forward dorsal to it beyond the anterior end of the
rineal orgen. The cavity of paraphysis retaine its broad

ocpening into the diacoele.

The telencephalon persists as an undivided body
(Fig. 35). Its posterior 1limit is indefinite as no trans-

verse Tissure is indicated between it an’ the diencephalon.



Prior to the time of hateching two entero-ventral thickenings

appear, one on each side of the median line. These develop
anteriorly to form the olfasctory lobes. By the time the
yolk is absorbed they project considerably beyond the end of
the prosencephalon to which they are attached by short ol-
Pactory tracts (Fig. 33, olf. t.) and touch in the median
line. At this tiwe there is no indication of lumina in
them.

TH® FYRS

By the 16th day, as mentioned under the development

of the brain, two so0lid proliferations of cells arise near
the anterior emd of the dbrain, the future forebrain. The
plase of origin is the mid-leateral part of the bfain and the
protruberances develop laterally (Fig. 19). Before two days
have passed a lumen sppesrs in the outgrowths forming the op-
tie vesicles. Tue to the restricted space for development
the lumen appears as a flattened cavity (Fig. 20). At the
lumen appears the ceells of the walls, which are several cells
thick, assume a radial arrengement. At this time the lumen
does not continue into the optic stalk. About this time a
thickening, the lens, appears as a thickening in the ecto-
dermal layer end pushes ageinst the dorsal edge of the vesicle,
forcing the corresponding edge imward till it lies closely
against the remzining part of the wall. This meakes the lumen
of the vesicle & mere fissure (Fig. 21). About the seame time

the lumen becomes continuous with the brain by & separation of
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the cells of the optiec stalk (opt. st.). The proximal layer

by this time is thin end the distal lgyer thick.

The position of the eye changes gredually end by the
25th day it lies opposite the narrow part of the brain anterior
to mid-brain (Pig. 23). This is somewhat posterior to the
position in whieh it originally lay. As a result the optie
stalk joins the brain in front of the anterior margin of the
eye. The optie stelk at this time joins the brain at the
ventro-lateral margin, considerably ventral to its original
position, The lumen of the stalk persists for some time.

By the 21st day the thickened lower layer of ecto-
derm that forms the lems is definitely invagineated. Soon
the external margins of the lumen grow together end the open-
ing is almost closed. In the interior of the lens, the
lumen is almost filled by a loose mass of cells prolifersted
from the proximal pert of the outer colummar layer (Fig. 24,1.).
The lumina is always separated from the exterior by the outer

or epidermal layer of the ectoderm.

The margin of the optie cup becomes thinner and
grows around the lens, which has assumed a spherical form,
except in one plase where lack of growvth on the ventral margin

leaves the choroid fissure. The choroid fissure extends from
the rim of the cup to the optic stalk whieh closes and folds

to form a groove along its ventral margin. The lumina of the
lens is closed by the 30th day end the lens itself is almost

separated from the ectoderm.
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By the 35th day the lens is scparsted from the ecto-
derm andl the rargin of the optie cup overlaps the lens except
at the choroid Pissure (ch.fis.} through which mesodsrmal cells
are at this time entering the cup. In no case were more than

a few free mesodermal cells (mes.) observed in the cavity of

the optic cup, and these were all close to the choroid fissure
(Fig. 36). The choroidsl fissure at this time is obligue =md
somewhat pnosterior to the lens. It extends from the distal

edge of the optic cup to the point where the opt ic stalk is
attached to the cup. At the time of hateching the edges of

the cup at the fissure are definitely fused (Fig. 29).

As mentioned sbove the distal wall of the dovble
walled cupr becomes noticenbly thick sand the proximal wall
very thin as early as the 20th day. The former layer is
the retinae (ret.) and the latter the pigmented epithelium
(pigs.). By the 25th day the mesoderm (mes.) extends into
the region of the eye whnore it rapidly proliferates (Fig.24).
Part of this mesoderm enters the eye by the choroid fissure

and part becomes differentiated to form the choroid and

")

sclerotic layers.

The retine becomes thicker as development advances
and differentiates into the characteristic teleostean layers.
By the 45th day nerve fibres from the distal surface of the

retina pass through the choroid “issure (to the diencenhalon)

along the ventrsl side of the small flattened optic stalk

whieh by this time has no lumen.
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The pigmented epithelium by the 40th day becomes very
thin and l1ies againat the retina, obliterating the lumen of the
primry opt ic vesicle. Shortly after this its distal surface
becomes pigmented.

From the surrounding mesoderm, two other layers are
formed. The inner of these is the choroid (chor.), & vascular

layer and the outer, the seclerotic (secl.). These are distinet
by the 80th day and by the time of hatching are separated by a

pigmented lagyer, the argentea (Fig. 29, arg.).

By the time of hateching the choroid overlaps the
lens (with the pigmented epithelium) while & thin continuvation
of retina extends to its margin. The pigmented layer lies
closely against the lens. By the time the yolk is absorbed
the pigmented layer aml the choroid have developed farther
forming the iris. At this time the lens is suspended in a
thin membrane attached to & very small cilia ry process on
the inner side of the iris.

The selerotic or externsl mesodermal layer encloses

the eye except at the point where the optic nerve enters. On
the distal surface it becomes attached to & single epidermie

layer of cells, the conjunctive. This region, the cornea,

corresponds to the outer margin of the iris from whieh it is

separated by a cavity. Proximally, the sceclerotic covers the
optie nerve and is continuous with the dura maeter of the

brain.
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OLFACTOKY ORGANS

Before the 25th day, a slight thickening appears in

the inner layer of ectoderm on each side of the medien line at
the anterior end (Fig. 22, olf.). At first they are slightly

dorsal but as the ectoderm becomes enfolded and separstes the
head region from the yolk, they become ventrsl in position.
Within & few days the cells become proliferated to form thiek

hemispherical masses. At this time, they occupy & ventral
position in front of the anterior margin of the optiec cups.

By the 40th day, the cells of these olfactory areas become
elongated, and the areas themselves become more extensive

and relatively thinner (Fig. 37, A.).

Shortly after the hypophysis is inveginated and
sevarated from the ectoderm, the epidermic layer of the ecto-
derr (epi.) disappears toward the centre of the olfactory
arecs and these become invaginated, forming the olfactory
saes (Fig. 37, B. olf. s.). The lumina extend dorselly
and posteriorly into the masses of cells, which are free from

the epidermic lgyer at their posterior extremities.

Before the 60th day, the olfactory sacs are connect-
ed to the ventral sur"ace of the telencephalon, near its ex-
tremity by strands of nervous tissue, the olfactory nerves.

If this is merely a secondary position, as li'Intosh and Prince
state‘ (Trsnsactions of the Royal Soeciety of Rdinburgh, Vol.

XXXV., part III - for the 1887 - 88, p. 763.) there is no in-

dication of it.
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Within the next two or three weeks the sscs become

consideradbly decper and the cells of the part away from the
aperture are ciliated.

Subsequently, the epidermic layer (epi.) seems to
become invaginated. Thus at the time of hatching the sensory
part (eil. epith.) of the saes are sunk below the surface =nd
the lumina are connected with the exterior by narrower cavities,
whose walls are non-nervous. At this time the extermal aper-

tures, the nares, are latersl andi slightly dorsal in position.

The only notable change that takes place after hatoh-

ing is in the nares, Soon after hatching, an outgrowth arises
from the ventral margin of the lumen at the exterior. This

extends dorsally as it develops, and finally reaches the mid-
dorsal mergin, with which it fuses. Thus two external nares

ere formed and open separately into each olfactory sac, prior

to the total absorption of the yolk.

Congiderable difference in the rate of development
of the right and left olfactory sacs is apparent, when the
embryo lies more on one side than on the other. In this case,

the one that lies mom below the embryo develops more slowly.

AUDITORY ORGANS

About the 18th day, &t the time the lemns of the eye
begins to develop, two thickenings appear in the deeper layer
of the ectoderm, posterior to the eyes. These thickenings
soon become invaginasted (Fig. 39), and the cavity formed is
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separated Prom the exterior by the thin epidermic layer (epi.).

By the 20th day, distinet suditory sacs cre formed (Figures 22
and 27, ote)e

Very soon the suditory sans are enclosed by the in-

grovth end fusion of the lips of the sa=es. Pach auditory
vesicle at this time is spherical except on the mid-dorsal
surface, where the endolymphatic cavity is continved into a
narrow process, the nrimitive endolymphatic duwet (Fig. 27,
end. do)s By the 25th Gay the vesicle is more campressed
laterally due to the limited spase betwe~n the nerve cord end

the lateral epidermal lgyer (Pig. 27).

The walls of the vesicles become thinner as the

vesicles inecrease in size, except mid-ventrally. This is

the ganglionic part of the vesicle and by the 40th day it

roceives the auditory nerve.

As the vesicles become larger, the dorsal wall,
external to the base of the endolymphatiec duct, develop dor-
sally. By the 40th dsy, due to this growth, the endolym=-
phatic duct is attached to the mid-lateral wall of the vesicle
end its distal end dooss not reach to the dorsal surface of the

vesicle.

About this time,veirs of ridges grow into the lumen
in the positions of the future canals (Fig. 40). The couples
meet and fuse, so that the ceavity cut off by each pair is con-

tinuous at each end with the lumen of the wvesicle. The post-
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erior canal develops later than the anterior #nd horizontal
cenals. Rach rudimentery eenal then begins to enlarge md

in the middle becomes raised from the surface of the vesicle.

At this time the endolymphatic cavity first shows

some indicetion of division into utdiculus and sacculus. A

ridge appears along the external latersl and posterior walls,
imperfectly dividing the cavity. The posterior wall at the

same time becames infolded along the ridges. From the post-
erior wall of the sacculus, 2 small hollow outgrowth, the

lagena, first appears about the 60th day.

By the 80th day, the septum, growing in from the
posterior wall, reaches to the point where the endolymphatic
duet opens into the endolymphotic cavity, end it is slightly
dorsal to the opening of the duct, placing the opening in the

wall of the sacculus. The sacculo~utriculer cenal is at this

time very wide, but soon an antero-ventrel constriction narrows

it. By the time of hatehing the canel is greatly rsduced.

About the same time as the antero-ventral wall becomes

constricted, the ampullae are formed by constriciions of the wall
of the sacculus around the anterior apertures of the anterior

end horizontal cenals and around the posterior aperture of the

posterior canal. These are definitely formed by the time of
hatching.

The parts deseribed constitute part of the membranous

labyrinth. The walls of the labyrinth become truly sensory in
certain regions, with whieh fibres of the auditory nerve are
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related. By the 60th day thickenings of the floor of the
labyrinth apvears in the regions where the ampullae later
develop, on the floor at the anterior end of the imperfectly
differentiated utriculus and on the inner ventro-lateral wall
of the sacculus and lagena. Then the smpullae and anterior
septum between the sacculus and utriculus develop, these
thickenings are limited to definite regions, one to each am=-
pulla; one to the floor of the utriculus, anterior to the
sacculus and lageéna. The sensory areas in the ampullae
(Fig. 30, amp.) that in the utriculus, end that in the saccul-
us and lggena become respectively the aristae acusticae (Fig.
30, ar. ac.), the macula acustica neglecta, and the macula
acustica. By the 90th day the sensory areecs are ciliated.
At the time the yolk is absorbed, the aristae and ma culae are

characterized by long and short stout cilia, respectively.

Two otoliths develop in the membranous labyrinth.
As early as the 50th day, they are quite distinet - a very
small one at the anterior end and a larger one at the post=-
erior end of the sacculo-utricular cavity. The antero=-
ventral constriction, that divides the cavity, places the
smeller one in the anterior end of the utriculus and the larg-
er one in the sacculus. By the time that the yolk is absorbe=
ed, the utricular otolith is still small and rests on the
macula acustica neglecta. The saccular otolith (Fig.41, oto.)
becomes so large thot it occupies most of the ecavity. It lies

just external to the macula acustica (mac. 2c.).



’ Shortly after the semicircular canels are formed,

éartilage begins to develop on all except the inner side of
the membresnous labyrinth (Fig. 41, m.lab.). By the time the
yolk is absorbed, the membranous labyrinth is enclosed by the
cartilaginous labyrinth (Fig. 41, cart.), except on the inner
side where the perilymphotic covity (p.ly.cav.) is separated

from the cranial cavity by a fibrous partition.

TH® SPINAL CORD AND SPIRAL NWLVES

The spinal part of the solid, keel-like plate, whose

origin is described above, becomes separated from the ectoderm

after the brain is camletely separated. The separation is

f4irst apparent st the amterior end of the cord and it progress-—
o8 posteriorly. By the 20th day, it extends to the region of

the primitive streak. The neurocoele, which also progresses
posteriorly from the brain, by separation of the cells of the

neursal ocord, sppears in each region as soon as the cord is

separated from the ectoderm.

The neurocoeles, as it first appears, is a mere vertic-
8l fissure, whose dorsal and ventral walls are not more than two
or three oells in thickness and lateral wells several cells
thick. The inner lateral layers of ocells divide rapidly in~
errasing the thickness of the lateral walls (Fig. 46, Sp.c.).

At the ssme time the fissure becomes open to form a vertical

ovoid lumen.
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The walls at this time are copposed of germinal cells.
These divide rapidly in the lateral walls, inereasing their
thiekness. As this division tskes plase, the germinal layer
or dividing layer becomes thinner, and a layer of cells, the

neuroblasts and neuroglia cells, is left extermal to it.

The neuroblasts develop nerve fibres that run long=-

itudinally outside the nerve cells, foming the white matter
of the cord. By the 40th day, the white matter (w.mat.) con-

sists of two lateral bends of fibres. These become thicker
as other neuroblasts develop fibres. From the ventro-lateral
surface of these fibre tracts, the vemtral roots (v.root) of
the spinal norves are given off, before the 50th day (Fig.49).
The more central mass of cells may at this time be considersd

the gray matter (g.met.).

About the 60th day, the ependyma or inner layer of
germinal eells begins to obliterate the dorsal part of the
central canal, by fusion of the oposing walls. This fusion
continues and at the time of hatching the neurocoele (c.can.)
is reduged to an almost ceirculer opening, somewhat ventral %o
the middle of the cord. The dorsal fissure (d.fis.) persists
as a non-nervous septum between the dorso-lateral bands of

nervous tissue.

The lateral lsyers of white matter inerease in thick-

ness and extend graduvally to the dorsal send ventral su:-face of
the cord. By the 80th day, the fibres of the dorsal roots
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can be seen entering the white matter near the mid-dorsal line.

This completes the division of the white matter into the three
characteristic pairs of funigculi - dorsal, lateral snd ventral.

The gray matter becomes more differentiated into
neuroblasts and neurogliea. At the time of hetehing, it con-
sists of a thick layer on each side of the neurococele and dor=
sael fissure to the dorsal surface. Ventrally it is comsider-
gbly thinner. By the time the yolk is absorbed there is no

indicetion of true dorsal snd ventral columns.

After hatching, ventral swellings are formed on either
gide of the medien line. These project so far that they form

a groove, the ventral fissure (Fig. 52, v.fis.). At the time

thet the yolk is sbsorbed, the two edges have come together

eand the fissure appears 28 a vertical line.

The dorsal roots of the spinal nerves are formed by

the growth of fibres to the dorsal surface of the eord nesr the
medien line, from the spinal ganglia. These ganglia are formed
from eells, that become separated from the dorso-latersl surface
of the eord about the 25th day. These grow down segmentally
around the side of the cord to the region immediately above the
ventral roots, where the cells form the spinal genglia (Fig. 52,
sp.gang.). Tach cell develops a fibre at ench end. One of
these fibres grows to the dorsal root while the other grows to
the ventrsl root and peripherally with the fibres of that root.
By the 80th day fibres from the ganglia reach the spinal cord,
forming the dorsal roots (d.root.).
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At Pirst the spinal cord is thicker dorso-ventrally
thean laterally. Due to the latersl thickening of the walls,
it is about round at the 50th day (Fig. 45). The lateral
thickening continues, making it mmeh thicker laterally than
dorso~ventrallye. "hen the thickening of the ventral wall
tekes place, the form becomes again approximately round (Fig.

49).

TH® DIGRSTIVE SYSTRM

The first indication of the enteriec canal is the
formation of Kupffer's vesicle. About the 18th day, in the

posterior region of the embryo, where the endoderm and noto-

chord are fused, the endoderm becomes columner and raised off
the periblast, forming & shallow cavity, the vesicle (Pig. 18-aA,
k.Ve)e This marks the extreme posterior 1limit of the digest=-

ive system, when it develops.

Those parts of the system, that persist throughout
1life, are formed by a folding of the endedcrm subsequent to a

thickening of the same. Ag in the case of the other systems,

the anterior region develops first.

Very shortly after the vesiecle is formed, the endo-
derm slong the middle line becomes thickened to the branchial
region, where two latersl thickenings converge to meet it.

The thickenings are more pronounced at the anterior end, where

folding is about to commence.

The two thickenings at the anterior end become more
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pronSunoed and form two folds (Pig. 59, emd.) which grow to-

wards the middle line, gradually enclosing the branchial
cavity (Pig. 42, end.). Folding begins at the extrems an-

terior end of the thickenings, ventral to the otosysts (ot.),
and progresses posteriorly. In this way, ths anterior end

of the branchial savity is enclosed first by the fusion of
the folds along the mid-ventral line. The point of fusion

of the folds gradually moves posteriorly.

By the 20th day, the branchial ocavity is completly

enclosed. It is broad at its anterior end (Fig. 27, dr.cav.)
end narrows posteriorly. Throughout it is flattened dorso-
ventrally, making it slit-like. Posteriorly the falding is
continued on each side of the thickened median endoderm.

More posteriorly, folds gradually merge with the flattened
endodsmm.

By this time, the endoderm around the margin of
Kupffer's vesicle is sharply merked, preparatory to ingrowth.
Within the next day, the vesicls 18 cut off from the periblast,
by the ingrowth and fusion of the endodsrm. In this cmdition,
it 18 & narrow elongeted opening, campletely enclosed by endo-
derm (¥ig. 18-B, k.v.). Anterior to the vesiocle, the endo-

derm is thickened to form the rudimentary post-anal gut, whiech

does mot develop farther.

By the 21st day, the oesophageal region of the csnal

is completely formed and the folds extend well back in the in-

testinal re;ion. In the anal region the cells show a dscided
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columnar arrangement. This shows the anterior 1imit of the

post-anal gut.

At this time the lateral walls of the brsnchisal cavity
(brecav.) at its brosd emterior end are fused with the ectoderm,
and a pair of narrow openings, the first branchial clefts (br.

cl.l.), open to the perivitelline cavity. The oesophagus is

narrow and flattened dorso-ventrelly, meking its lumen slit-

like.

During the day, the folds in the stomach region fuse

end & narrow diverticulum of the ventrasl wall posterior fto
this appears. This is the primordium of the liver (Fig. 44,
1re)e

By the 24th day, Kupffer's vesicle is obliterated by

the surrounding endoderm and the csudal knob, which is separat-
ed from the periblast by the tail-fold, renews its posterior
development. The post-smal gut is still distinguishable, but

its posterior end is separeted from the periblast by the teil-
fold. At this time, the intsstino is partly formed amd the

endodermal folds extend almost to the anal region. The liver

at this time is still very small and no part of it is distiret-

ly separated from the enteric canal. It extends farthor

ventrally and posteriorly. Its lumen throughout is distinetly
joined to that of the enteric canal.
The branchial cavity shows some development at its

anterior end as it extends to the posterior margin of the mid-
brain, As far as could be determined, this anterior portion
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is formed by a splitiing of the endoderm.

Before the 26th dsy, the endodermal folds meet and
Puse in the ansl region of the intestine. ZTYosterior to the
anal region, the endoderm of the degenerated post-anal gut
{peaege) is cmtinued as a rod of loosely avrsnged cells
4rmediately ventral to the notochord. It is separasted from
the prriblast by the tail fold (t.f.) which, at this time,
reaches to the end of the intestine (an.). Its posterior
end cannot be distinguished as it is uvndifferenticted from

the surrounding mesoderm.

It is notabtle, that the endodermal folds seen to

draﬁ the endoderm eway from the lateral margins of the embryo
(Fig. 39), though the folds do not appear at the margins. At
any rate, when the folds form, no endoderm can be found at the
rargin (Fig. 42) and, when the folés weet in any region, no
endoderm can be found in the region except thal contained in
the enteric canel (Figures 43 and 44). As this is the case,

it would seem that the erndoderm is, with the exceptiorn of that

which forms the post-anal gut, entirely comnbained in bthe caterie

canal. The endoderm of the post-anal put disappears, apparently

absorbed by the surrounding vissue.

By the 30th day the liver is comsidersbly lerger ord

extends posteriorly, ventral to the entrric canal. The distal
proxtion is greatly oxpanded and contairs a single large 1unen

with thiek walls. The whole is dorro=ventrally coupressed and
extends laterally on euzch side of the canal.
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4Lbout this time, the splenelnie mesoderm (sp.mes.),

which completely encloses the tract (ent.), begins to assume a
regul ar ar;angement of its eells. These fom at least a

double layer around the endodermic enteric canal (Fig. 46).
This is the primordium of the outer layers of the digestive

tract.

The branehiel region shows considerable development.

The ectoderm and endoderm are fused on the ventral side of the
ecavity, forming the omal plabe. This area is of small size
end ventral to the snterior mawgin of the otocysts. There is
no true invagination of the ectoderm at this point to form a
stomodaeum, even when the oral plate breaks through as it does

by the 36th day (Fig. 47, mth.).

Posterior to the first gill clefts, three pairs of
pouches have begun to develop by the 30th day. These are farnm-
ed by a thinning of the mesoderm and hollow outgrowth of the

endoderm to meet the ectoderm. As in other systems, develop=
ment progresses posteriorly from the asnterior end. Thus at the

time the endoderm of the first pair of pouches is fused with

the ectoderm, the third pair of pouches is slightly indicated
by a palr of furrows.

By the 35th day these three pouches have broken
through, forming the second, third and fourth gill clefts (br.

el.2,3,4), end the first, second and third interbranchial septs,

end another peair of pouches are peartly formed. Tach inter branch=

ial septum is covered externally with ectoderm, internslly with
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endoderm, and has a central axis of mosoderm. In the next
few days the fourth visceral pouch breeks through, forming the
fifth gill cleft, and the fourth interbranchial septum. This

cleft is immediately anterior to the developing pectoral fin
buds and slightly dorsal to them.

In observing the appearance of the gill clefts from

the exterior, it is noticeable that each cleft forms immediately
after the head fold extends to that particular region.

About the 40th day another diverticulum is given off

from the same region as the liver but siightly dorsal to it.
The distal end of this becomes enlarged. This is the ventral
pancreas (pn.) anl the tube joining it to the intestine is the
pencreatiec duet which persists throughout life (Fig. 48).

By the 40th day, the diverticulum that fomms the liver
is much enlarged distally, forming the liver proper. Its anter-
ior or proximal portion is constricted in a merrow tube, the
bile duet (Pig. 48, b.d.), which is enlarged, where it joins

the liver, to form the sac-like gall bladder. The gall bladder
is enclosed by the liver except on its ventral surface which
touches the periblast. The eells of the proximal portion of

the liver are arranged in definite tubules, which connect with
the gall bladder. Hore distally the tubules are rudimentary

and at the extreme posterior extremity are totally undifferent-
iated.

At this time, there is a slight enlargement of the
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digestive traet just amterior to the point where the bile

duct opene into the intestine. This is the primordium of

the stomach.

By the 456th day, 2 small divertieulum appears in the
dorsal wall of the intestine, slightly posterior to the bile=-
duct. This is the dorsal psncreas (d.pn.) snd its distal
end develops as the ventral pancreas and fuses with it. Its
duect disappears within a few days. The posterior end of the
intestine is eurved ventrally and lies against the ectoderm

with which it fuses to form the anal plate. There is no sign
of invagination of the ectoderm (proctodasum) either at this

time or a few days later, when the anal opening (an) is formed

by the separation of the cells of the anal plate (Fig. 50.).

The stomach, at the time the anal opening is formed,
is slightly larger than the remainder of the tract. The endo=-

dermel portion of the walls is beginning to show longitudinsl
ridges, which very soon become definite villi. The splanchnie

mesoderm in this region is very mueh thicker than elsewhere.

The primordium of the swim bladder (s.b.) appears,

before the 60th day, as a thick walled endodermel diverticulum
at the anterior end of the stomach (Fig. 51). At the time of

its sppearance, its relation to the stomach and intestine is

indefinite but it later appears to be more closely related to
the anterior or cardisc end of the stomach. Ag it develops,
it extends dorsally and posteriorly. At the time of hatcehing
it becomes short, not extending beyond the posterior end of the

stomach. By the time the yolk is absorbed, it extends well
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back in the abdouwinal cevity iumediately ventral to the kidney,
and is divisible in two distinet parts. The anterior portion,
the pneumatic duct is thiek walled and has a narrow lumen. The
posterior portion, the swim-bladder proper, is thin-walled and

has & large lumen.

The psncreas, whose double origin has been given
above, develops congsidersbly in size and at the time of hatch-
ing 1lie s along the intestine close to the musculsr layer. Its

duet is short and opens into the intestine slightly dorsal to
the bile-duct. This position is retained.

The liver develops greatly in size and extends over
the s=urface of the yolk. At the time of hatching very little
of it is anterior to the point where the bile-duct enters the
intestine end this part contains the gall-bladder. Later how-

ever its position changes and meet of it is anterior to the
stomech.

About two weeks before the time of hatching the gill

filaments (g.f.) appear as itwo rows of finger like processes
on the external surface of the interbranchial septa (Fig. 28).

On the intermal surface of the operculum a smaller row, the
hemi-branch, develops. Due to the presence of the operculum,
the gill arches which show the curve characteristic of the
adult and the gill filaments are bent posteriorly. Thus each
row of filaments overlaps amd lies exterior to the one post=-

erior to it (Pig. 28).

The inner or endodermal portion of the stomasch and
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intestine becanes raised into villi. The splamclic neso=

derm forms an inner layer of cirenlar muscles and arn outer
lsyer of longitudinel uuscles fram the anterior end of the oces—
ophagus to the ancl opening. Subsequent to the {ime of hatch;
ing a doubvle [lexure appesars ia the stomeeh meking it S~-ghaped,
The first flexure hetween the cardiac 213 pyloric stomacks
places the pylorug beside the cardis. At the ypoint where the
Plexure tukes place the stomach is continued posteriorly into
the mellan cacceum. The second flexure is between the pylorus
and intestine. From that point the intestine passes as a
stroight tube to the anal opening. Befor- (he yoik is com-
pletely drawn into the tody cavity numsrous swmell divertiauls

from “he pylorus form the pyloric cazecae.
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ABBREVIATIONS USED IN THW FIGURTS

amp . Ampulla

an. Anus or anal region
8eDo Anterior polse
ar.ac. Arista acustica
arge. Argentia

be.de. Bile duet

beDe Blastopore

br. Brain

br.cav. Branchial cavity

br.cl.l-4.Branchial clefts 1 - 4

cart. Cartilage

eblm. Cerebellum
c.can. Heurocoele
ch.fis. Choroid fissure
chor. Choroid
chor.pl. Choroid plexus

¢il.epith.Ciliated epithelium

el.l - 3. Cleavage furrowsl- 3

corp.st. Corpora striata
CTre.CeT. Crura cerebri
defis. Dorsal fissure
dien. Diencephalon
depne Dorssl pancreas
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Trans. section through blastoderm, 7th day, x 110.

Trons. section through blastoderm, 10th day, x 28

PLADT™ II

Surface view of blastoderm, 11th day, x 14.
Surface view of embryonic shield, 13th day, =x 8.
Long section through embryonic snield amd blasto-

derm, 12th day, x 50Q.
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Fig. 14 Surface view of medullery nlate, 14th day, x 1l4.

Fig. 15 Series of trans. sections (A - ™) from the posterior
to the anterior ends, 16th day, =x 80.
Fige 16 Surface view of teril region, 18th day, =x 32.

PLATE IiI

Fig. 17 Surface view of embryo, 22nd day, x 16.

Fig. 18 A. Traons. section through the region of Kupffer's
vesicle, 18th dsy, x 80.

Fig. 18 B. ‘Trans section through the region of Kupffer's
vesicle, 21st day, x 80.

Figs 19 Trans. section through the forebrain, 16th day,
x 160.

Fige 20 Trans. section through the forebrszin and optiec
vesicles, 18th day, x 95.

Fige. 21 Trans. section through the diencephalon and one
optic vesicle, 20th day, =x 80.

Fig. 22 Surface view of the head region, 20th day, x 35.

Fig. 23 Surface view of the head region, 25th day, x 35.

Fig. 24 Trans. section through the diencephalon and one
optic vesicle, 25th day, =x 5b.

PLATRE IV

Fig. 26 Trans, section through the posterior part of the
diencephalon, showing infundibuvlum, 25th day,
x 55,

Fig. 26 Trans. section through the mesencephalon, 25th day,

x bb,
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Trams. seetion through the wedulls and etoeysts,
28¢th 4ay, =x B8,

Sraas. sectiom through region of the medulla, 10let
iy, x 20.

Long. section o0f the herni reagion nenr the medim line,

101nt 4ay, <~ 18.

Trnns. saction throvy. the mgion o0” the =14bmin,
156th 4ny, x 16.

Trans. seotion through dimancephalon, paraphynis r.nd

" pineal body, 156th day, x 21.

Trons. section through infundidbulum shor ing the
origin of the pituitary dody, 40th day, x 60.

Trans. seotion through the postarior end of the in-

fandidnlum «nd tha pituitary dody, 44Hth dany,
x 60,

PLATR ¥

Trans. seotion through diensephalom showing the
origin of the pineal body, ani the forwnrd
projeotion of the middbrain, 48th dsoy, x E6.

Trans. section of telencephalon showing olfaotory
treaots, 156th 4ay, x 32.

Long. seotion through the aye showring tha ochoroid
fissure rnd mesoderm sntnrring the aye,

35th dq' ¥ 60,

A. Trans. section of ol fmotory area, 4565th day, x 150,

B. Trans. seotion through olfuctory ono, 650th dny,

x 150.
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Trans. section through olfactory orgen &t the ex-
terior, 10lst day, =x 60.
Trans. section through the hindbrain showing in-

vagination of otocyst and beginning of the endo-
dermal branchisl folds, 18th day, x 150.
Trans.section of zuditory vesiecle, 50th day, =x 60.

PLATR VI

Trans. section throuvgh ear, 156th day, x 30,

Tréhs. seetion through hindbrain and partly formed
branchial cevity, 19tk day, =x 80.

Trans. section through the region of the hindbrein
showing the first branchial cleft on one side,
21lst day, x 60.

Trans. section through region of the liver, 21st day,

x 60.
Hedian sagittal section of tail region, 25th day,
X 60.

Trans. section nesr anterior end of the body cavity,

30th day, x 60.

Long. section (obligue) of the branchial cavity end
clefts, 35th day, x 60.

PLATR VII

Trans. section of intestine and bile duct showing

the diverticulum of the ventral pancreas,

40th day, x 16b.
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Fig. 49 Trans. section through the region of the divert-

ioulum of the dorsal pancreas, 4b6th day, x 60.

Fig. 50 Trans. section of intestine and anal opening,

50th day, =x 160.

Fig. 61 Trans. section of hn cardiac stomach and divert=-
icuvlum of the swim bladder, 60th day, x 60.

Fig. 52 Trans. section of spinal cord, 101lst day, =x 150.
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Plate III.




Plate IV.




Plate V.
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