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T&IBRYOLOSY Qg TIT"! CHUM SALIJOH (Oncorhynohus k e t g ) . 

IHTHODUOTIOII 

The f o l l o w i n g p a p e r , d e a l i n g w i t h t he embryology of 

t h e Ghum Salmon (Onoorhynehus k e t a ) , i s t h e r e s u l t of work 

c a r r i e d on by t h e w r i t e r a t t h e U n i v e r s i t y of B r i t i s h Columbia, 

d u r i n g t h e s e s s i o n s of 1920-21 and 1 9 2 1 - 2 2 . 

Th is s p e c i e s i s known u n d e ^ t h e v a r i o u s names of 

Chum Salmon, Dog Salmon and K e t a . The spawning s ea son a t 

H a r r i s o n Lake i n 1920 l a s t e d from Ootober 24 th t o December 5 t h . 

The m a t e r i a l was o b t a i n e d from t h o H a r r i s o n Lake H a t c h e r y , 

t h rough t h e k i n d n e s s o f l l r . Alexander R o b e r t s o n , s u p e r i n t e n d ­

e n t of t h e h a t c h e r y . 

The m a t e r i a l was c o l l e c t e d r e g u l a r l y e v e r y day , from 

a b a t c h o f eggs t h a t were f e r t i l i z e d on Hovember 8 t h , u n t i l t h e 

y o l k was drawn i n t o the body, A p r i l 1 3 t h , 1 9 2 1 . The t e m p e r a t u r e 

of t h e w a t e r d u r i n g t h i s t ime v a r i e d from 5°C. to 10°C. The 

p e r c e n t a g e t h a t h a t o h e d out was l a r g e , b e i n g a p p r o x i m a t e l y 92?o, 

The g r e a t e r number h a t c h e d i n 101 days r>nd t h e r emainder w i t h ­

i n t h e nex t few d a y s . The p e r i o d from t h e t ime of h a t c h i n g 

u n t i l t h e y o l k was drawn i n t o t h e body was 55 t o 60 d a y s . 

The k i l l i n g and f i x i n g s o r t i t i o n t h a t was used was 

composed of 95% a l c o h o l , f o r m a l l e h y d e , g l a c i a l a c e t i c a c i d and 



water in the proportions of - 500 : 12$ : 5 : 200. "hen the 

material reached the University of British Columbia it was at 

once changed to 70fo alcohol. 

After trying various stains, it wan found thpt Ilayer' 

Alcoholic Oochineal (See Lee: She liicrotonist's Vade Ilectun, 7th 

Edition, 1913, p. 150, pp. 236) gave good differentiation, so 

this stain was used throughout. All embryos were stained 

whole and then inbeied in paraffin according to the usual meth­

ods. 

The egg membrane on Ohum eggs is very tough. Both 

this and the yolk when they were dehydrated became very brittle 

and rendered sectioning very difficult. This difficulty was 

overcome by removing the eg membrane in all cases and as much 

of the yolk as could bo removed without damaging the embryo. 

Small embryos, v/ith a small portion of the surrounding and 

underlying yolk, w\re out 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 transversa sections. In cases of difficulty series 

of longitudinal sections were also prepared to aid in the cor­

rect interpretation. 

The writer taires ihis opportunity of acknowledging 

his indebtedness to, and of thanking Hr. Alexander Robertson, 

Superintendent of the Harrison Lake Hatchery, Dr. A.E.Hutchin-
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son, Head of the Department of Botany of the Un ive r s i ty of 

B r i t i s h Columbia, for sugges t ions in h i s t o l o g i c a l m a t t e r s , mcL 

in p a r t i t i l a r Dr. 0. ilcLean F r a s e r , Head of the Deportment of 

Zoology of the Univers i ty of B r i t i s h Columbia, and D i r e c t o r 

of the Uarine Bio log ica l S t a t i o n , Hanaimo, B. C , for encourage­

ment end many va luable sugges t ions . 

TIP! JA1W? OVUM 

The ovum i s t e l o l e c i t h a l , consis t ing; of a c e n t r a l 

yolk mass and a l ayer of c o r t i c a l protoplasm, s l i g h t l y t h i c k ­

er a t the animal p o l e . Closely upon the c o r t i c a l protoplasm, 

and sec re t ed by i t , i s a t h i n v i t e l l i n e membrane pe r fo ra t ed by 

pores and known as the zona r a d i a t a , ^ x t e r i o r to t h i s i s a 

t h i c k tough chor ion, s ec re t ed by the c o l l s surrounding t h e 

egg in t h e ovary. Ther^ i s a funnel-shaped opening, the micro-

p y l e , p e r f o r a t i n g both t h e chorion and zona r a d i a t a . The micro-

pyle af fords an aper ture for the en t rance of the sperm. 

FERTILIZATION 

Uhen the sperm en t e r s the egg the c o r t i c a l p r o t o ­

plasm flows to the animal pole where i t forms the germinal 

d i s c . Part of the protoplasm never reaches the d isc but r e ­

mains as a t h i n l aye r onclosing the yolk . The d i sc i s p r o ­

minent and before cleavage shows numerous f ine granules in 

i t s mat r ix (F ig . 1 ) . Through expansion of the p r o t e c t i v e 



membranes o r shrinkage of t h e yolk mass a space , t h e p e r i -

v i t e l l i n e c a v i t y , f i l l e d with a watery f lu id appears between 

the zona r a d i a t a and the c o r t i c a l protoplasm. These changes 

are descr ibed in d e t a i l by U ' l n t o s h and P r i n c e , (Transac­

t i o n s of the Royal Soc i i t y of Edinburgh, Vol. XXXI., p a r t 

I I I - for the Session 1887 - 88, p . 694 to 6 9 6 . ) . 

S^GITIITATIOE 

Cleavage i s of t he incomplete d i sco id t y p e . The 

f i r s t cleavage furrow i s v e r t i c a l and d iv ides the d i sc i n to 

two approximately equal reniform blas tomeres (F ig . 2 ) . The 
i 

second cleavage furrow i s a t r i g h t angles t o the f i r s t p r o ­

ducing four blastomeres that are almost equal (F ig . 3 ) . The 

f i r s t two cleavage furrows do not pass completely through the 

d i sc (Fig. 4 ) . The t h i r d cleavage furrow i s in the same 

general d i r e c t i o n as the f i r s t and produces four unequal b l a s t o ­

meres. There i s cons iderable v a r i a t i o n in t h i s cleavage as i s 

we l l i l l u s t r a t e d by Figures 5 and 6. This r e p r e s e n t s the d e ­

velopment of the f i r s t day a f t e r f e r t i l i z a t i o n . 

Subsequently the c e l l s d iv ide ind iv id t i a l ly and 

d iv i s i on may occur in e i t h e r the v e r t i c a l or ho r i zon t a l plane 

u n t i l the whole d i sc i s d iv ided and the c e l l s are severa l 

l a y e r s t h i c k . At the end of the second day the d i sc con­

t a i n s about s i x t y - f o u r c e l l s , of which the p e r i p h e r a l ones 

are cons iderably l a rge r than those at the cen t re (F ig . 7 ) . 

The c e l l wa l l s of a l l the c e l l s except the lower p e r i p h e r a l 
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ones are complete. A t h i n layer of unnuoleated protoplast 

separates the lower o e l l a In the oentre o f the dlso from the 

yolk. This la the oentral per ib last ( p e r . ) . The per iblast 

and the peripheral o e l l s are continuous however (Fig. 8 ) . 

Between the oentral per ib las t and the dlso I s a f lat tened 

cav i ty , the segmentation cav i ty (Beg. o a v . ) . 

BLA3TULATI0B 

As the o e l l s continue to d i v i d e , they become small­

er and approach equal i ty In s i z e . At the same time the out ­

er o e l l s begin to assume the regular i ty of a l a y e r . By the 

end of the seventh day, a l l the c e l l s are about equal in e l s e , 

and the outermost form a row of rectangular o e l l s (Fig . 9 ) . 

As was mentioned above, a l l the oor t ioa l protoplasm 

does not enter the d l s o . I t p e r s i s t s as a th in layer around 

the yolk and I s thickened at the margin of the diuc, forailng 

the p e r i b l a s t . The per ib las t I s continued between the d i s s 

and the yolk as the oentral p e r i b l a s t . At f i r s t the p e r i ­

b las t i s unnuoleated (Fig. 8, p e r . ) , but by the seventh day 

large nuo le l , obtained from the peripheral blastodeimal c e l l s , 

appear outside the margin of the d l s o , forming a syncytium 

(Fig. 9, n u . ) . These rapidly extend outward to form the 

nuclear zone and at tho same time extend Inward in the oentral 

p e r i b l a s t . 

By the end of the f i f t h day, the shape of the b l a s t o ­

derm has changed oonsiderably and i s markedly bloonvex, the 
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l o w e r s u r f a c e r e s t i n g on a d e p r e s c i o n i n the s u r f a c e of t h e 

y o l k . The b l a s t o d e r m soon e x t e n d i l a t e r a l l y and becomes 

f l a t t e n e d and o f a b o u t equa l t h i c k n e s s t h r o u g h o u t , though i t 

i s s t i l l s e v e r a l c e l l s t h i c k . S h i s t h i n i n g c o n t i n u e s and by 

t h e t e n t h day t h o c e n t r a l T r t of the b l a s t o d e r m i s n o * more 

t h e n two or t h r e e c e l l s t h i c k ( ? i g . 1 0 ) . She p e r i p h e r y r e ­

mains s e v e r a l c e l l s t h i c k f o l d i n g t h e g*~-rm v a i l ( g . w . ) . Due 

t o t h e change of s h a p e , t h o s e g m e n t a t i o n c a v i t y (Beg. c a v . ) 

becomes more e l e v a t e d and t h e b l a s t o d e r m r e s t s on i t s p e r i ­

p h e r y . 

GASTRULATIQI MID TO:Z'£1011 OF TH" l̂iSKYO 

As tho t h i n i n g t a k e s p l a c e , t h e b l a s t o d e r m b e g i n s 

t o e x t e n d over t h e y o l k , t h e p r o c e s s b e i n g known a s e p i b o l y . 

^hn r"*.™ " T i l du r ing t h e 12 th day bee COPS g r e a t l y t h i c k e n e d 

a l o n g the m a r g i n t h a t c o r r e s p o n d s t o i k e p o s t e r i o r end of 'the 

f u t u r e embryo. Before i k e end of the 6ay, an i n v o l u t i o n o f 

t h i s edge of t h e b l a s t o d e r m t a k e s p l a o e . The i n t u r n e d edge 

l i e s between t h e p e r i b l a s t and t h e b l a s t o d e r m . Tho i n v o l u t i o n 

soon p r o g r e s s e s ground b o t h mat g i n s o f the b l a s t o d e r m forming 

a r i n g , t h e germ r i n g . 

In s u r f a c e view the germ r i n g ( g . r . ) a p p e a r s a s a 

d a r k s r a r e a around t h e marg in of t h e b l a s t o d e r m . I n t r a n s ­

v e r s e s e c t i o n the germ r i n g a p p e a r e i n t h e same c o n ' i t i o n a s 

a t the a n t e r i o r p o l e f a . p . ) i n F i g . I S . 



The outer or columnar layer o f the blast ode m takes 

no part in the fomat ion of the germ ring* I t remains as a 

d i s t i n o t layer to Hie point o f oontaot with the periblast* 

Centripetal growth o f the germ ring t'Oces place at 

the pos ter ior p o l e , forming the endoderm of the fature embryo* 

During the 13th day, a denser area, the embryonic 

shie ld (emb. sh . ) appears at the pos ter ior pole of 'the b l a s t o ­

derm (Pig* 12) and marks the pos i t i on of "the head region when 

the embryo i s formed. This dense area i s formed by a thioken-

Ing of the ectoderm and the forward growth o f the endoderm* 

The outer edge o f the endoderr: ooinoideR, or nearly no, with 

the edge of the thickened ectodermal area* Figure 13 shows 

the structure of the sh ie ld as i t appears in a sec t ion along 

the longitudinal ax i s of the s h i e l d . The ectoderm (eo t . ) I s 

thickened and the endoderm (end.) extends to the edge of the 

thickening* At no place are the endoderm or ectoderm d i f f e r * 

ent iated to the margin of the blastoderm. Both merge into 

the "thickened germ wall ( g . w . ) . 

About the 14th day an elongated thiokening appears 

in the middle of the embryonic sh ie ld and gradually extends 

pos ter ior ly . This i s the medullary p late (med. p i . ) , the 

primordium of the nervous system (Fig. 14 ) . Due to the 

ear l i er development of the anterior end of the m»*allary 

p l a t e , the anterior end of the central nervous system, the 

brain, i s larger than the spinal cord throughout l i f e . 
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The medullary p la te (med. p i . ) i s an elongated 

thickening of the ectoderm. I t s arpearanoe in transverse 

section short ly after i t i s formed is shown in various r e ­

gions from the p o s t ^ i o r to 1he an t e r io r end of tho embryo in 

Fig. 15, A to *). At the an te r io r end i t i s a small kee l - l ike 

structure (15,^) , which gradually enlarges (15,1)) to the point 

where i t f i r s t appeared and then becomes smaller more post­

e r io r ly (15,B). 

The endoderm (end.) at t h i s time is sev'-^al c e l l s 

thick at the an te r io r end f the medullary plate (Fig. 15 " ) . 

I t extends to the pos ter ior end of the brain region however 

as a two-celled layer (15,D). From this point two l a t e r a l 

thickenings, the mesoderm (mes.), extends to the poster ior end 

of the embryo. At the an te r io r end the mesoderm i s free from 

both ectoderm and endoderm, (15,B). Between the free bands 

of mesoderm i s a thickened ridge of notochorflal c e l l s , con­

nected to the endoderm except at i t s extreme anter ior end 

where i t i s f ree , forming the notochord. I t i s free from the 

ectoderm farther pos ter ior ly than i t i s free from the endoderm. 

Farther pos ter ior ly i t i s not d i s t inc t from the mesoderm or the 

mesoderm from ectodorm. Thus at the pos ter ior end a l l the 

s t ructures pass into an undifferentiated ce l l mass (pr. s.) of 

considerable extent . This poster ior masr i s s l i gh t ly elongated, 

and, as i t corresponds to primitive streak in higher forms, t h i s 

term w i l l be used in r e f e r r i >g to i t . 

I t i s at once apparent that a l l the s tructures post-
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• r l o r to tho brain region are being d i f ferent ia ted from the 

primit ive streak and that the d i f f e r e n t i a t i o n t rave l s fron 

before backward. 

There baa been muoh discuss ion as to the origin of 

the mesoderm. In t h i s case there la every reason to bel ieve 

that the mesoderm of the body I s derived d i r e c t l y from the 

region of the primit ive streak, 

DTTV̂JLOPM-WT OF THS PBI.UTIY'? STITAK AHD 
TSK CLOSURE OF TH*i BLASTOPUKB 

^piboly, which was mentioned above, continues through­

out tho entire margin of the blastoderm but muoh ra re rapidly 

at i t s anterior po le . At the poster ior pole due to the thiok 

mass of c o l l s , the germ wall progresses pos ter ior ly v>ry slow­

l y . Aa i t does so , the primitive streak i s formed by the oon-

orosenoe of the extra-embryonic portion of the germ wall and 

C^rn r ing. Thus the primit ive streak i s cont inual ly r e c e i v ­

ing portions of the germ wall and germ ring at i t s posterior 

end. The primitive streak in turn lo ses c e l l u l a r material 

at i t s antorior end by the progressive pos ter ior d i f f e r e n t i a ­

t ion of t i s s u e s , as was explained above. In the Chum Salmon 

the primitive streak i s never vory long, (Fig. 16 - p r . a t . ) . 

The blastopore may be sal d to ex i s t 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 

projeots . The extension of the blastoderm aver the yolk i n ­

creases the s i ze of the blastopore (b .p . ) u n t i l the equator ia 
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reached, hut from that t ine i t s radius narrows u n t i l f ina l ly 

ahout the 22nd day i t is n small -̂ound opening at the post­

er ior end of thecnbryo with the yolk-plug (y.p.) projecting 

into i t (Fig. ! ? ) • As mentioned above the poster ior pole 

advanoes more slowly than the anter ior one. Thus in h<-> Chum 

the blastopore closes l e s s than one-quarter of the circumfer­

ence of the egg, poster ior to the point where the embryonic 

shield f i r s t appears. 

About the 22nd day, the blastopore closes the l a t e r ­

a l edges come clo3e together making i t elongated in the l ine 

of the primitive s t reak . This woul*< seen to agree very r o l l 

with the idea that the primitive streak is formed by -the eon-

oresence of the extra-embryonic germ wai l s . Final ly the walls 

fuse and form a solid caudal mass which supplies the c e l l s for 

the backward growth of the variotis layers found in the caudal 

i"" - i o n . 

About the 18th day, before the blastopore c loses , a 

small vesicle appears s l igh t ly anter ior to the edge of the 

blastopore. This is Kupffer's ves ic le , a vestige of the 

archenteron (Fig.l&-<:., k . v . ) . I t l i e s ventral to the endo-

derm (end.) . Below i t th^re is no trace of c e l l u l a r div­

is ion so i t must be bounded ventra l ly by the per ib las t (-per*). 

Before the blastopore closes the vesicle is cut off from the 

per iblas t by the ingrowth of the endoderm around i t s l a t e r a l 

margin. In th i s condition the vesicle <- ppears as a dorso-

ventral ly compressed lumen surrounded by endodermal ce l l s 

(Fig. 18-B , k . v . ) . 
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Poster ior ly the lumen i s in some cases continued as 

a minute opening, for some l i t t l e dis tance. This may he a 

vestige of the neurenteric canal which, i f i t were present , 

would open into Enpffer's ves ic l e , the poster ior part of the 

archenteron. This i s plausible as the lumen i s much longer 

than the area of endoderm that arches the cavity before i t i s 

cut off from the pe r ib l a s t . 

gSTfLaHCTg OF 'IHr. BBAII 
• • • > — — — —• • iim — i i i — • — — ! • • • • • • • •• IP 

During the 16th day, the enlarged anter ior end of 

the kee l - l ike neural p l a t e , the brain ( b r . ) , begins to he con­

s t r ic ted from the epide?Tiio layer of entoderm, at i t s anter ior 

end. At the same time tv.o l a t e ra l optic ar nas (opt.) av.pear 

as protruberances net^r the anter ior end (Fig. 19). By the 

18th day the brain i s en t i re ly constricted from the ectoderm, 

leaving i t s dorsal surface rounded. In the optic vesic les 

(opt. ves.) a fissure appears forming a narrow lumen (Fig.20), 

In the region of the future midbrain there i s a median f i ssure , 

the neurocoele, not yet continuous with the lumina of the 

ves ic les . The neurocoele develops an te r ior ly and pos te r ior ­

ly and a t the same time the connection is established with 

each optic vesicle by separation of the intervening c e l l s 

(Fig. 21). I t s poster ior development in the brain is com­

pleted before the 20th day at which time i t extends into the 

neurochord to the region an te r io r to the primitive s treak. 

As i t f i r s t appears the neurocoele is a ve r t i ca l 
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f issure with thiols l a t e r e ! Halls but thin dorsal and ventral 

wal l s . This s t ructure remains for a few days though the 

neurocoele mey become s l i gh t ly broader (Fig. S i ) . 

A notable change now takes place 0 iv ing d i s t inc t ion 

to cer ta in regions of the brain. As early as the 20th day, 

l a t e r a l development takes place in the regions of the mid­

brain (m. br . ) or mesencephalon and hindbrain (h. b r . ) t 

establ ishing a def ini te mesocoele and metacoele (Fig. 22). 

The intervening region does not develop appreciably and by 

the 2Cth day appears as a deep construction, the isthmus 

(Fig. 25- i s t h . ) . Before t h i s t i n e , the an te r io r enri of 

the brain begins i t s l a t e r a l development, forming the t e l en ­

cephalon ( t o l e n . ) , which is s^parrfced from the midbrain by a 

narrower par t , the diencsphalon fdien.) The lumina of these 

two par ts arc the prosocoele and diacoele respect ively . 

There are f a i r ly def ini te l imi t s lo the different 

par ts of the b>*ain though they pass gradually into the adjacent 

regions (Fig. 23). In transverse section there i s consider­

able difference in structure of +ho various regions. 

The prosocoele is almost square at i t s widest point 

(Fig. 24), but narrows an te r io r ly and pos te r io r ly . Tho dia­

coele i s narrower (Fig. 25) aid is produced ventra l ly into a 

small diverticulum, the infundibulum ( i n f . ) , which appears 

f i r s t at t h i s time. The walls of these regions are of about 

the same re la t ive thickness as those of the ea r l i e r embryos. 

At i t s greatest extent the large mesocoele (Fig. 26) is 
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rather cruciform in shape. The la te ro-vont ra l avails ere he-

coming thick in the region of the crura cerebr i . The dorsal 

wall i s th in medianly hut thickens l a t e r a l l y . The lumen of 

the isthmus, the i t e r , i s narrow and considerably depressed. 

I t s v a i l s , with the exception of the vent ra l , are thick. The 

hindbrain (Fig. 27) i s t r iangular with i t s apes placed vent-

r a l l y . The 1 atero-ventral walls are very thick and are 

separated by a f i ssure . The dorsal wall i s a single layer of 

non-nervous t i s sue , the choroid plexus, ( cho r .p l . ) , except at 

the extreme an te r io r end where i t i s several ce l l s th ick. This 

anter ior thickening i s the metancephalon or cerebellum end the 

remainder of the hindbrain, the melencephalon or medulla ob­

longata. 

From this stage the development of the par t s of the 

brain already described may well be taken separately. The im­

portant changes are not so much in the r e l a t i ve sizes of the 

parts b--t in the d i s t r ibu t ion of the -nervous matter and hence 

the thickness of the wal ls . 

The myelencephalon during i t s development increases 

in s i ze . This increase i3 due to a greater thickening of the 

nervous pa r t . Thus the metacoele becomes r e l a t i v e l y smaller 

as the ventral and vent ro- la te ra ! walls become thickened. At 

the time of hatching (Fig. 28) the medulla (med.) consis ts of 

two thick la te ro-vent ra l bands of ne vous t issue with the meta­

coele dorsal to them, and. the dorsal non-nervotis choroid plexus 

(chor. p i . ) . By th*5 time the yolk is absorbed the floor of 

http://chor.pl
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the metacoele has become even thicker . Anteriorly the choroid 

plexus ends at the pos te r io r "basal edge of the cerebellum. Post­

e r io r ly the medulla passes gradually into the spinal cord by a 
thinning of the floor en3 a thickening of the roof of the lumen. 

The cerebellum un t i l shortly befor" the 80th day con­

s i s t s of a thickened mass of ce l l s at the an t e r io r end o^ the 

choroid plexus. At t h i s time however an evaginat ion takes 

p lace . The walls regain sev^rcl c e l l s thick and enclose the 

cerebel lar lumen or epicoele. The cerebellum develops post­

e r io r ly dorsal to the choroid plexus of the medulla and i s as 

broad as the medulla. By the time of hatching, i t extends 

well over the medulla (Figures 28 , nd 29, cblm.), which i t 

completely covers by the time the yolk i s absorbed. The 

epicoele p e r s i s t s for some time af ter hatching, but i s ob­

l i t e r a t e d by a thickening of the wa l l s , before the yolk i s 

absorbed. 

The midbrain develops grea t ly on the dorsal surface. 

Due to this development i t gradually extends an te r ior ly over 

the diencephalon (Fig. 34, m .b r . ) , and poster ior ly over the 

cerebellum {Fig. 29, m.br . ) . By the tim° of hatching the 

diencephalon proper i s completely covered. As the midbrain 

develops ihe mesocoele i s reduced by the development of two 

longitudinal masses, the crura cerebri (cr. o e r . ) , on i t s 

f loor. The dorsal part by n median constr ic t ion becomes 

divided into the optic lobes (op t . l . ) whose ventr ic les or 

optocoeles extend l a t e r r l l y (Fig. 30). The walls of the 

optic lobes remain th in in the mid-dorsal l ine »7here the 
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lobes are divided. 

The dienoephalon develops considerably l a t e r a l l y with 

and i n c e a s e in the extent of the diaooele and a thinning of the 

dorsal wal l . As ear ly as 60 days i t shows two la rge l a t e ml 

swellings, the optic thalami (opt. th»), on the ventral r a i l . By 

the 00th day these thalami f i l l most of the space of the di rcoele , 

which is a narrow ver t i ca l lumen with l a t e r a l extensions above 

the thalami. By th i s t i n e the roof is a th in layer of ep i th­

e l i a l c e l l s , the choroid plexus. These characters arc r e t a i n ­

ed and the optic thalami show a s l ight thickening by the time 

the yolk i s absorbed (Fig. 31). 

In the telencephalon the dorsal wall th ins and the 

l a te ro -ven t ra l walls become thickened about the same time as 

in the diencephalon. At the tin© of hatching the l a t e r a l 

thickenings, the corpora s t r i a t a (corp. s t . ) , almost meet in 

the middle l ine, and the dorsal wall , the pallium, has bp^n a 

th in ep i the l i a l layer for some t ime. The prosocoele i s r e ­

duced to a T-shaped cavity much the same as the diacoele 

(Fig. 35). The place of divis ion of the fore brain i s very 

indis t inc t up to the ti'ue the yolk is absorbed. 

The infundibnlum, mentioned above, develops pos t ­

e r io r ly . About the 40th day a thickening appears in the ec to­

derm, s l igh t ly an te r io r to the mouth and imr.ee'iately ventral to 

the poster ior end of the infundibulum. I t at once becomes in -

va inated and remains connected to the exterior for several 

days (Fig. 32). About the 45th day i t los°s i t s connection 

http://imr.ee'
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"becoming the p i t u i t a r y "body, in close contact with the infund­

ihulum (Pig. 33) . At f i r s t the ce l l s aro ep i the l i a l in char­

ac te r , hut short ly a f t - r i t loses i t s connection v i t h the ecto­

derm the cel ls "become loosely arranged and the whole mass 

glandular in appearance. I t pe r s i s t s in elosn contact witu 

the ventral wall of the infundibuliua which i s th in in t h i s 

region (Fig. 30, p i t . ) * 

The infundihulum u n t i l about the 80th day has a 

single cavity ard'extends scarcely to the poster ior end of 

the p i t u i t a r y "body. At t h i s time however i t gives off two 

l a t e r a l d iver t i cu la , the lohi in fe r io res , which grow post ­

e r io r ly . At the t ine o^ hatching thesn do not extend heyond 

the end of the infundihulum and p i t u i t a r y "body which l i e he-

low the midbrain hut by the t i n e the yolk i s absorbed they 

extend heyond these to the an te r io r end of the hindhrain. At 

th i s time the lobes ( l . i n f . ) ar<* d i s t i nc t from the infundib-

ulum ( inf . ) except at t he i r an t e r io r ends where the i r v a i l s 

aro continuous and thei r cavi t ies join (Fig. 30). 

About the time that the lobi in tar ioreo begin to 

develop the pos te r ior end of "the infundihulum begins to develop 

poster ior ly forminp; the sacous vasculosus. At che tine of 

hatching t h i s extends s l igh t ly heyond the end of the P i tu i t a ry 

body and by the 156th day s l igh t ly beyond th<= end of the lobi 

infer iores , The cavity of the saccus vasculosais Is i r regular 

and i s connected by a narrower portion with the cavity of the 

i n fund ihulum. 
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About the 45th day, at the time the p i tu i t a ry body 

is separated from the ectoderm, a narrow evagination shows en 

the dorsal surface of the dienoephalon near i t s poster ior 

margin. This is the pineal body (Fig. 34, p i n . ) . At f i r s t 

i t s walls are one c e l l thick and the cavity i s f la t tened, but 

as i t develops an te r io r ly i t s walls become thicker and i t 

assumes an ovoid form. I t s lumen at f i r s t f lat tened assumes 

the same shape. As i t lengthens, i t becomes broader and 

more f lat tened due to the l imited space except at the pos t ­

e r io r extremity which re ta ins i t s original form. 3y the time 

the yolk i s absorbed the an t e r io r end of the pineal organ i s 

glandular (Fig. 31, p in . ) in appearance and much larger than 

the poster ior region where the lumen is a mere fissure though 

the ce l l s r e ta in a columnar arrangement. 

Before the 70th flay another outgrowth appears on the 

dorsal surface of the dienoephalon an ter ior to the pineal 

organ. This outgrowth, the paraphysis, i s large aid thin 

walled. Soon i t begins to extend an te r ior ly beneath the 

pineal organ. By the 156th day i t i s a th in walled chamber 

almost as broad as th^ forebrain (Fig. 31, per . ) and extend­

ing well forward dorsal to i t beyond the an te r io r end of the 

pineal organ. The cavity of paraphysis re ta ins i t s broad 

opening into the diaooele. 

The telencephalon pe rs i s t s as an xmdivided body 

(Fig. 35). I t s posterior l imit i s indefini te as no t r ans ­

verse fissure i s indicated between i t an tiie dienoephalon. 
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P r i o r t o t h e t ime of h a t c h i n g two a n t e r o - v e n t r a l t h i c k e n i n g s 

a p p e a r , one on each s i d e of t h e median l i n e . These deve lop 

a n t e r i o r l y t o form t h e o l f a c t o r y l o b e s . By t h e t ime t h e 

y o l k i s ab so rbed t h e y p r o j e c t c o n s i d e r a b l y beyond the end of 

t h e p r o s e n c e p h a l o n t o wh ich t h e y a r e a t t a c h e d by s h o r t o l ­

f a c t o r y t r a c t s ( F i g . 5 3 , o l f . t . ) and t ouch i n t h e median 

l i n e . At t h i s t i m e t h e r e i s no I n d i c a t i o n of l t imina i n 

them. 

13JF. Ti)Tf?S 

By t h e 1 6 t h day , a s ment ioned u n d e r t h e development 

of t h e b r a i n , two s o l i d p r o l i f e r a t i o n s of c e l l s a r i s e n e a r 

t h e a n t e r i o r end o f t h e b r a i n , t h e f u t u r e fo r eb r ; i n . The 

p l a c e of o r i g i n i s t h e m i d - l a t e r a l p a r t of t h e b r a i n and t h e 

p r o t r u b e r a n e e s d e v e l o p l a t e r a l l y ( F i g . 1 9 ) . Before two days 

have passed a lumen a p p e a r s i n t h e ou tg rowths forming t h e o p ­

t i c v e s i c l e s . Due t o t h e r e s t r i c t e d space for development 

the lumen a p p e a r s a s a f l a t t e n e d c a v i t y ( F i g . 2 0 ) . At the 

lumen a p p e a r s t h e c e l l s of the w a l l s , which a r e s e v e r a l c e l l s 

t h i c k , assume a m d i a l a r r a n g e m e n t . At t h i s t i n e t h e lumen 

does no t c o n t i n u e i n t o t h e o p t i c s t a l k . About t h i s time a 

t h i c k e n i n g , t h e l e n s , a p p e a r s a s a t h i c k e n i n g i n t h e e c t o ­

dermal l a y e r end pushes a g a i n s t t h e d o r s a l edge of the v e s i c l e , 

f o r c i n g the c o r r e s p o n d i n g edge inward t i l l i t l i e s c l o s e l y 

a g a i n s t t h e r ema in ing p a r t of t h e w a l l . This makes t h e lumen 

of the v e s i c l e a mere f i s s i i r e ( F i g . 2 1 ) . About t h e same t ime 

t h e lumen becomes c o n t i n u o u s -^ith t h e b r a i n by a s e p a r a t i o n of 
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the ce l l s of the optic s ta lk (opt. s t . i . The proximal layer 

by t h i s time i s thin and the d i s t a l lay ex- th ick . 

The posi t ion of the eye changes gradually end by the 

25th day i t l i e s opposite the narrow part of the brain anter ior 

to mid-brain (Fig. 23). This is somewhat poster ior to the 

posi t ion in which i t or ig inal ly l ay . As a resu l t the optic 

s ta lk joins the brain in front of the an ter ior margin of the 

eye. The optic s ta lk at t h i s time joins the brain at the 

ven t ro - la te ra l margin, considerably ventral to i t s or iginal 

pos i t ion . The lumen of the s ta lk pe r s i s t s for some time. 

By the 21st day the thickened lower layer of ecto­

derm tha t forms the lens is def in i te ly invaginated. Soon 

the external margins of the lumen grow together and the open­

ing is almost closed. In the in te r io r of the l ens , the 

lumen i s almost f i l l e d by a loose mass of c e l l s prol i fera ted 

from the proximal part of the outer columnar layer (Fig. 24 ,1 . ) . 

The luraina i s always separated from the exter ior by the outer 

or epidermal layer of the ectoderm. 

The margin of the optic cup becomes thinner and 

grows around the l e n s , which has assumed a spherical form, 

except in one place where lack of growth on the ventral margin 

leaves the choroid f i ssure . The choroid fissure extends from 

the rim of the cup to the optic s ta lk which closes and folds 

to form a groove along i t s ventral margin. The lumina of the 

lens is closed by the 30th day and the lens i t s e l f i s almost 

separated from the ectoderm. 
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By the 35th day the lens is separated from the ec to­

derm and the "argin of the optic cup overlaps the lens except 

a t the choroid fissure (ch . f i s . ) through which mesodermal ce l l s 

are at t h i s time entering the cup. In no ease were more than 

a few free mesodermal c e l l s (raes.) observed in the cavity of 

the optic cup, and these were a l l close to the choroid fissure 

(Fig. 36). The choroidal f issure at t h i s time i s oblique and 

somewhat pos ter ior to the l e n s . I t extends from the d i s t a l 

edge of the optic cup to the point where the optic s ta lk i s 

attached to the cup. At the time of hatching the edges of 

the cup at the f issure are def in i te ly fused (Pig. 29). 

As mentioned above the d i s t a l wall of the double 

walled cup becomes noticeably thick and the proximal wall 

very thin as early as the 20th day. The former layer i s 

the re t ina ( r e t . ) and the l a t t e r the pigmented epithelium 

( p i g . ) . By the 25th day the mesoderm (mes.) extends into 

the region of the eye whor^ i t rapidly p ro l i fe ra tes (Fig.24). 

Part of t h i s mesoderm enters the eye by the choroid fissure 

and part becomes dif ferent ia ted to form the choroid and 

sc lerot ic layers . 

The re t ina becomes thicker as development advances 

and di f ferent ia tes into the charac te r i s t i c teleostean layers . 

By the 45th day nerve f ibres from the d i s t a l surface of the 

re t ina pass through the choroid ^issure (to the diencephalon) 

along the ventral side of the small f lattened opt ic s t a lk 

which by t h i s time has no lumen. 
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The pigmented epithelium by the 40th day beooaes rery 

th in and I lea against the re t ina , ob l i t e ra t ing the lunen of the 

prinary optic ves i c l e . Shortly aft or t h i s i t s d istal surface 

becomes pigmented. 

From the surrounding mesoderm, two othor layers are 

formed. The inner of these i s the ohoroid (ohor . ) , a vascular 

layer and the outer, the sc le ro t i c ( s c l . ) . These are d l s t ino t 

by the 80th day and by the time of hatching are separated by a 

pigmented layer , the argentea (Fig. 29, a r g . ) . 

By the time of hatohing the choroid ovorlaps the 

lens (with the pigmented epithelium) while a thin continuation 

of r e t i na extends to i t s margin. The pigmented layer l i e s 

closely against the l e n s . By the time the yolk is absorbed 

the pigmented layer and the choroid have developed farther 

forming the i r i s . At t h i s time the lens i s suspended in a 

thin membrane attached to a very small c i l ia ry process on 

the inner side of the i r i s . 

The sc le ro t ic or external mesodermal layer encloses 

the eye exoept at the point where the optic nerve en te rs . On 

the d i s ta l surface i t becomes attached to a single epidermic 

layer of ce l l s , t he conjunctive. This region, the cornea, 

corresponds to the out or margin of the i r i s from which i t is 

separated by l cavi ty . Proximally, the sc lerot ic covers the 

optic nTve and i s continuous with the dura mater of the 

brain. 
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OLFACTORY ORG AH S 

Before t h e 2 5 t h d a y , a s l i g h t t h i c k e n i n g a p p e a r s i n 

t h e i n n e r l a y e r of ec tode rm on each s i d e of t h e median l i n e a t 

t h e a n t e r i o r end ( F i g . 2 2 , o l f . ) . At f i r s t t h e y a r e s l i g h t l y 

d o r s a l hu t a s t h e ec toderm "becomes e n f o l d e d and s e p a r a t e s t h e 

head r e g i o n from t h e y o l k , they become v e n t r a l i n p o s i t i o n . 

Wi th in a few days t h e c e l l s become p r o l i f e r a t e d t o form t h i c k 

h e m i s p h e r i c a l m a s s e s . At t h i s t i m e , t h e y occupy a v e n t r a l 

p o s i t i o n i n f r o n t of t h e a n t e r i o r marg in of t h e o p t i c c u p s . 

By t h e 40 th day , t h e c e l l s of t h e s e o l f a c t o r y a r e a s become 

e l o n g a t e d , and t h e a r e a s t h e m s e l v e s become more e x t e n s i v e 

and r e l a t i v e l y t h i n n e r ( F i g . 3 7 , A . ) . 

S h o r t l y a f t ^ r t he hypophys i s i s i n v a g i n a t e d and 

s e p a r a t e d from t h e ec tode rm, t h e ep ide rmic l a y e r o f the e c t o ­

derm ( e p i . ) d i s a p p e a r s toward t h e c e n t r a of t h e o l f a c t o r y 

a r e r s and t h e s e become i n v a g i n a t e d , forming t h e o l f a c t o r y 

s a c s ( F i g . 3 7 , B. o l f . s . ) . The lumina ex tend d o r s e l l y 

and p o s t e r i o r l y i n t o t h e masses of c e l l s , which are f r e e from 

t h e ep ide rmic l a y e r a t t h e i r p o s t e r i o r e x t r e m i t i e s . 

Before t he 6 0 t h d a y , t h e o l f a c t o r y s a c s a re c o n n e c t ­

ed to t he v e n t r a l s u r f a c e o f t h e t e l e n c e p h a l o n , n e a r i t s e x ­

t r e m i t y by s t r a n d s of ne rvous t i s s u e , t h e o l f a c t o r y n e r v e s . 

I f t h i s i s me re ly a secondary p o s i t i o n , a s i l ' I n t o s h and P r i n c e 

s t a t e j ( T r a n s a c t i o n s of t h e Hoyal S o c i e t y of E d i n b u r g h , V o l . 

XXXV., p a r t I I I - f o r t he 1887 - 8 8 , p . 763 . ) t h e r e i s no i n ­

d i c a t i o n of i t . 
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i t h i n the next two or three weak* the saos become 

c o n s i d e r a b l y d e e p e r and t h e c e l l s o f t h e p a r t away fron the 

aperture a r e c i l i a t e d . 

S u b s e q u e n t l y , the ep ide rmic l a y e r ( e p i » ) seems t o 

become i n v a g i n a t e d . Thus a t t h e t i m e of h a t c h i n g t h e s e n s o r y 

p a r t ( o i l . e p i t h . ) of t h e s a c s a r e sunk below t h e s u r f a c e and 

the luralna a r e c o n n e c t e d w i t h t he e x t e r i o r by n a r r o w e r c a v i t i e s , 

whose w a l l s a re non-ne rvouB. At t h i s t i m e t h e e x t e r n a l a p e r ­

t u r e s , t h e n a r e s , a r^ l a t e r a l and s l i g h t l y d o r s a l i n p o s i t i o n . 

The on ly n o t a b l e ohange t h a t t a k e s p l a c e a f t e r h a t c h ­

ing l a i n t h e n a r e s . Soon a f t e r h a t c h i n g , an ou tg rowth a r i s e s 

from MM v e n t r a l marg in of t h e lumen a t t h e e x t e r i o r . Th i s 

e x t e n d s dor s a l l y a s i t d e v e l o p s , and f i n a l l y r e a c h e s t h e m i d -

d o r s a l m a r g i n , w i t h which i t f u s e s . Thus two e x t e r n a l nar^B 

a r e formed and open s e p a r a t e l y i n t o each o l f a c t o r y s a c , p r i o r 

t o t h e t o t a l a b s o r p t i o n of t he y o l k . 

C o n s i d e r a b l e d i f f e r e n c e i n t h e r a t e of development 

of t h e r i g h t and l e f t o l f a c t o r y s aos i s a p p a r e n t , when t h e 

embryo l i e s more on one s i d e t h a n on t h e o t h e r . In t h i s o a s e , 

t h e one t h a t l i e s more below t h e embryo d e v e l o p s more s l o w l y . 

AUDITORY QRGABS 

About t h e 18th day , a t t h e t i m e t h e l e n s o f t h e eye 

b e g i n s t o d e v e l o p , two t h i c k e n i n g s a p p e a r i n t h e deepe r l a y e r 

of t h e ec tode rm, p o s t e r i o r t o t h e e y e s . These t h i c k e n i n g s 

soon become i n v a g i n a t e d ( F i g . 39) , and t h e c a v i t y formed i s 
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separated from the exterior "by the th in epidermic layer ( e p i . ) . 

By the 20th day, d i s t i nc t auditory sacs r re formed (Figures 22 

and 27, o t . ) . 

Yery soon the auditory saos are enclosed hy the in ­

growth snd fusion of the l i p s of the sacs. Baoh auditory 

ves ic le a t th i s time is spherical except on the mid-dorsal 

surface, where the endolymphatic cavity is continued into a 

narrow process, the primitive endolymphatic duct (Fig. 27, 

end, d . ) . By the 25th day the ves ic le is move compressed 

l a t e r a l l y due to the lira!ted space between the nerve cord and 

the l a t e r a l epidermal layer (Fig, 27). 

The walls of the vesicles becomo thinner as the 

vesicles increase in s i ze , except mid-Yontrally. Thi3 i s 

the ganglionic part of the ves ic le and hy the 40th day i t 

receives the auditory nerve. 

As the vesicles "become la rger , the dorsal wal l , 

external to the base of the endolymphatic duct, develop dor-

sa l ly . By the 40th day, due to t h i s growth, the endolym­

phatic duct i s attached to the mid-lateral wall of the vesicle 

and i t s d i s t a l end do?s not reach to the dorsal surface of the 

ves ic le . 

About th i s time,"oairs of ridges grow into the lumen 

in the posi t ions of the future canals (Fig. 40). The couples 

meet and fuse, so that the cavity cut off by each pair i s con­

tinuous at each end with the lumen of the ves ic le . The post-



erior canal develops later than the anterior i nd horizontal 

canals, ^aoh rudimentary canal then "begins to enlarge aid 

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

At this time the endolymphatic cavity first shows 

some indication of division into utticuius and sa,cculus. A 

ridge appears along the external lateral and posterior walls, 

imperfectly dividing the cavity. The posterior vail at the 

same time becomes infolded along the ridges. From the post" 

erior wall of the saccuius, a 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 

duct opens into the endolymphatic cavity, and it is slightly 

dorsal to the opening of the duot, placing the opening in the 

wall of the saocuius. The saoculo-utricular canal is at this 

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

lf» By the t ime of hatching the canal is greatly reduced. 

Ahout the same t ime as the antero-ventral wall becomes 

constricted, the ampullae are formed by constriction of the wall 

of the sacOT.lus around the anterior apertures oS the anterior 

and horizontal canals and. around the posterior aperture of the 

posterior canal. These are definitely formed by the time of 

hatching. 

The parts described constitute part of the membranous 

labyrinth. The walls of the labyrinth become truly sensory in 

certain regions, with -hich fibres of the auditory nerve are 
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r e l a t ed . By the 60th day thickenings of the floor of the 

labyr inth appears in the regions where the ampullae l a t e r 

develop, on the floor at the anter ior end of the imperfectly 

di f ferent ia ted u t r iou lus and on the inner ven t ro- la te ra l wall 

of the sacculus and lagena. When the ampullae and anter ior 

septum between the sacculus and u t r iou lus develop, these 

thickenings are l imited to defini te regions, one to each am­

pul la ; one to the floor of the u t r iou lus , anter ior to the 

sacculus and lagena. The sensory areas in the ampullae 

(Fig. 30, amp.) tha t in the u t r iou lus , and tha t in the saccul­

us and lagena become respectively the a r i s t ae aousticae (Fig. 

30, a r . a c ) , the macula acustica neglecta, and the macula 

acust ioa. By the 90th day the sensory areas are c i l i a t e d . 

At the time the yolk i s absorbed, the a r i s t ae and maculae are 

characterized by long and short stout c i l i a , respect ively . 

Two o to l i ths develop in the membranous labyr in th . 

As ear ly as the 50th day, they are quite d i s t i nc t - a very 

small one at the an te r io r end and a larger one at the post­

er ior end of the sacculo-utr icular cavity. The antero-

ventral cons t r ic t ion , tha t divides the cavi ty, places the 

smaller one in the anter ior end of the ut r ioulus and the l a rg ­

er one in the sacculus. By the time that the yolk i s absorb­

ed, the u t r i cu la r o to l i th i s s t i l l small and res t s on the 

macula acustica neglecta. The saccular o to l i th (Fig.41, oto.) 

becomes so large that i t occupies most of the cavity. It l i e s 

just external to the macula acustica (mac. a c ) . 
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S h o r t l y a f t e r t h e s e m i c i r o t i l a r c a n a l s a r e formed, 

c a r t i l a g e b e g i n s t o develop on a l l excep t t h e i n n e r s i d e of 

t h e membranous l a b y r i n t h ( F i g . 4 1 , m . l a b . ) . By t h e t i m e t h e 

y o l k i s a b s o r b e d , the membranous l a b y r i n t h i s e n c l o s e d by t h e 

c a r t i l a g i n o u s l a b y r i n t h ( F i g . 4 1 , c a r t . ) , excep t on t h e i n n e r 

s i d e where t h e p e r i l y m p h a t i c c a v i t y ( p . l y . c a v . ) i s s e p a r a t e d 

from t h e c r a n i a l c a v i t y by a f i b r o u s p a r t i t i o n . 

TE3 SPHTAL CORD ALT) SPIML BggVBg 

The s p i n a l p a r t of t h e s o l i d , k e e l - l i k e p l a t e , whose 

o r i g i n i s d e s c r i b e d a b o v e , becomes s e p a r a t o d from t h e ec toderm 

a f t e r t h e b r a i n i s c o m p l e t e l y s e p a r a t e d . The s e p a r a t i o n i s 

f i r s t a p p a r e n t a t t h e a n t e r i o r end of t h e co rd anrl i t p r o g r e s s ­

e s p o s t e r i o r l y . By t h e 20th d a y , i t e x t e n d s t o t h e r e g ion of 

the p r i m i t i v e s t r e a k . The n e u r o c o e l e , which a l s o p r o g r e s s e s 

p o s t e r i o r l y from t h e b r a i n , by s e p a r a t i o n of t h e c e l l s of t he 

n e u r a l c o r d , a p p e a r s i n each r e g i o n a s soon a s t h e cord i s 

s e p a r a t e d from t h e ec tode rm. 

The n e u r o c o e l e , a s i t f i r s t a p p e a r s , i s a mere v e r t i c ­

a l f i s s u r e , whose d o r s a l and v e n t r a l w a l l s a r e no t more t h a n two 

or t h r e e c e l l s i n t h i c k n e s s and l a t e r a l w a l l s s e v e r a l c e l l s 

t h i c k . The i n n e r l a t e r a l l a y e r s of c e l l s d i v i d e r a p i d l y i n ­

c r e a s i n g t h e t h i c k n e s s of t h e l a t e r a l w a l l s ( F i g . 4 6 , s p . c ) . 

At t h e same t ime t h e f i s s u r e becomes open t o form a v e r t i c a l 

ovoid lumen. 
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The walls at t h i s time are composed of germinal c e l l s . 

These divide rapidly in the l a t e r a l wal ls , increasing the i r 

thickness. As th i s division takes place, the germinal layer 

or dividing layer becomes thinner , and a layer of c e l l s , the 

neuroblasts and neuroglia c e l l s , i s l e f t external to i t . 

The neuroblasts develop nerve fibres tha t run long­

i tud ina l ly outside the nerve c e l l s , fousing the white matter 

of the cord. By the 40th day, the white matter (w.nat.) con­

s i s t s of two l a t e r a l bands of f ib res . These become thicker 

as other neuroblasts develop f ib res . From the ven t ro- la te ra l 

surface of these fibre t r a c t s , the ventral roots (v.root) of 

the spinal nerves are given off, before the 50th day (Fig.49). 

The more central mass of ce l l s may at th is time be considered 

the gray matter (g .mat . ) . 

About the 60th day, the ependyma or inner layer of 

germinal c e l l s begins to obl i te ra te the dorsal part of the 

central canal, by fusion of the oposing wal l s . This fusion 

continues and at the time of hatching the neurocoele (o.can.) 

i s reduced to an almost c i rcular opening, somewhat ventral to 

the middle of the cord. The dorsal fissure (d . f i s . ) pe r s i s t s 

as a non-nervous septum between the dorso- la tera l bands of 

nervous t i s sue . 

The l a t e r a l layers of white matter increase in th ick­

ness and extend gradually to the dorsal and ventral su.-face of 

the cord. By the 80th day, the f ibres of the dorsal roots 
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can "be seen entering the white matter near the mid-dorsal l i n e . 

This completes the division of the white matter into the thr^e 

charac te r i s t i c pa i rs of funiculi - dorsal , l a t e r a l and ven t ra l . 

The gray matter becomes more di f ferent ia ted into 

neuroblasts and neuroglia . At the time of hatching, i t con­

s i s t s of a thick layer on each side of the neurocoele and dor­

sal f issure to the dorsal surface. Vent r a l l y i t i s consider­

ably thinner . By the time the yolk i s absorbed there i s no 

indicat ion of t rue dorsal and vent ra l columns. 

After hatching, ventral swellings are formed on e i the r 

side of the median l i n e . These project so far t ha t they form 

a groove, the ventral f issure (Fig. 62, v . f i s . ) . At the time 

that the yolk i s absorbed, the two edges have come together 

and the fissure appears as a ve r t i ca l l i n e . 

The dorsal roots of the spinal nerves are formed hj 

the growth of f ibres t o the dorsal surface of the oord. near the 

median l i n e , from the spinal ganglia. These ganglia are formed 

from c e l l s , tha t become separated from the dorso- la te ra l surface 

of the cord about the 25th day. These grow down segnentally 

around the side of the cord to the region immediately above the 

ventral roo t s , where the c e l l s form the spinal ganglia (Fig. 52, 

sp.gang.}. ""Jaoh ce l l develops a fibre at each end. One of 

these fibres grows to the dorsal root while the other grows to 

the ventral root and peripheral ly with the fibres of that root . 

By the 80th day fibres from the ganglia reach the spinal cord, 

forming the dorsal roots ( d . r o o t . ) . 
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At f i r s t the s p i n a l oord i s -thickor d o r s o - v e n t r a l l y 

than l a t e r a l l y . Dae to the l a t e r a l th icken ing of the w a l l s , 

i t i s about round a t the 60th day (F ig . 4 5 ) . The l a t e r a l 

th icken ing con t inues , making i t much t h i c k e r l a t e r a l l y than 

dorso-'/on-f r a l l y . "'hen the thickening of the v e n t r a l v;all 

t akes p l a c e , the form "becomes again approximately round (Fig . 

4 9 ) . 

'ZFW DIGESTIYT9 gSSgg 

The f i r s t i n d i c a t i o n of the e n t e r i c cana l i s the 

formation of Kupffer ' s v e s i c l e . About the 18th day, in the 

p o s t e r i o r region of the embryo, where the endoderm and n o t o -

chord are fused, the endoderm becomes columnar and r a i s e d off 

the p e r i b l a s t , forming a shallow c a v i t y , the v e s i c l e (Fig . 18-A, 

k . v . ) . This marks the extreme p o s t e r i o r l i m i t of the d i g e s t ­

ive system, when i t develops . 

Those p a r t s of the system, t h a t p e r s i s t throughout 

l i f e , are formed by a folding of the endorVrm subsequent to a 

th icken ing of the same. As in the case of the other sys tems, 

the a n t e r i o r reg ion develops f i r s t . 

Very s h o r t l y a f t e r the v e s i c l e i s formed, the endo­

derm along the middle l i n e becomes thickened to the b ranch ia l 

r eg ion , where two l a t e r a l th ickenings converge to meet i t . 

The th icken ings are more pronounced a t the a n t e r i o r end, where 

folding i s about to commence. 

The two th ickenings a t the a n t e r i o r end become more 
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pronounced and form two fo lds (Fig . 39 , and.) which grow t o -

war da tha middle l i n e , gradually enclosing tha branohlal 

oar l ty ( f i g . 42 , and . ) . Folding be gin a at tha axtrana an-

tar lor and of tha thlokenlnga, rantral to tha otooyata ( o t . ) , 

and prograaaaa poater lor ly . In th la way, tha anterior and 

of tha branohlal oar l ty la enoloaed f l ra t by tha fuelon of 

tha fo lds along tha mid-ventral l l n a . Tha point of fualon 

o f tha fo lds gradually mores poater lor ly . 

By tha 20th day, tha branohlal oar l ty la oompletly 

enclosed. I t Is broad at I ta anterior and (Fig. 27, br .oar . ) 

and narrows pos t er ior ly . Throughout i t i s f la t tened dorso-

rant r a l l y , making i t s i i t - I l k a . Poster ior ly tha folding i s 

continued on each aide of tha thickened median endoderm. 

Mora pos ter ior ly , fo lds gradually marge with the f lattened 

endoderm. 

By tails t ime, tha endoderm around tha margin of 

Kupffer's v e s i c l e i s sharply marked, preparatory t o Ingrowth. 

Within the next day, the r e s i d e i s out o f f from tha p e r i b l a s t , 

by the ingrowth and fusion of tha endoderm. In t h i s condit ion, 

i t i s a narrow elongated opening, completely enoloaed by endo­

derm (Fig. 18-B, k . r . J . Anterior to the v e s i c l e , tha endo­

derm i s thickened to form the rudimentary post-anal gut , whioh 

does not develop farther. 

By the 21st day, the oesophageal region of tha canal 

i s completely formed and the folds extend wall bank in tha i n ­

t e s t i n a l region. In tha anal region the c e l l s show a daoldad 
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columnar arrangement. This shows the an te r io r l i ^ i t of the 

post-anal gut . 

At t h i s time the l a t e r a l walls of the "branchial cavity 

(br.cav.) at i t s brctd anter ior end are fused with the ectoderm, 

and a pair of narrow openings, the f i r s t branchial c le f t s (br. 

c l . l . ) , open to the pe r iv i t e l l i ne cavi ty . The oesophagus i s 

narrow and f lat tened dorso-ventral ly , making i t s lumen s l i t ­

l i k e . 

During the day, the folds in the stomach region fuse 

and a narrow diverticulum of the ventral wall pos ter ior to 

t h i s appears. This i s the primordium of the l i v e r (Fig. 44, 

I r . ) . 

By the 24th day, Xupffpr's vesicle i s obl i tera ted by 

the surrounding endoderm and the caudal knob, which i s separat­

ed from the per ib las t by the t a i l - f o l d , renews i t s poster ior 

development. The post-anal gut i s s t i l l d is t inguishable , but 

i t s poster ior end is separated from the oeriblast by the t a i l -

fold. At t h i s time, the in t l a t ino i s pa r t ly formed and the 

endodermal folds extend almost to the anal region. The l i ve r 

a t t h i s time is s t i l l very small and no part of i t i s d i s t i n c t ­

l y separated from the enter ic canal . I t extends farther 

vent ra l ly and pos te r io r ly . I t s lumen throughout i s d i s t i nc t ly 

joined to that Cf the enteric canal . 

The branchial cavity shows some development at i t s 

anter ior end as i t extends t o the poster ior margin of the mid­

brain. As far as could be determined, this anter ior portion 



- 33 -

i s formed by a s p l i t t i n g of the endoderm. 

Before the 26th day, the endodermal folds meet and 

fuse in the anal region of the i n t e s t i n e . Posterior to the 

anal region, the endoderm of the degenerated post-anal gut 

fp.a.g.) is continued as a rod of loosely arranged ce l l s 

i mediately ventral to the notochord. I t is separated from 

the per ib las t by the t a i l fold f t . f . ) which, at t h i s time, 

reaches to the end of the in tes t ine ( an . ) . I t s posterior 

end cannot be distinguished as i t is undifferentiated from 

the surrounding mesoderm. 

I t is notable, that the endodermal folds seem to 

draw the endoderm away from the l a t e r a l margins of the embryo 

(Fig. 39) , though the folds do not appear at the margins. At 

any r a t e , when the folds form, no endoderm can be found at the 

margin (Fig. 42} and, when the folds meet in any regjon, no 

endoderm can be found in the region except that contained in 

the enterio canal (Figures 43 and 44). As t h i s i s the case, 

I t would seem tha t the endoderm i s , with the exception of that 

wnich forms the post-anal gut , en t i re ly contained in the ontorio 

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

absorbed by the surrounding t i s s u e . 

By the 30th day the l ive r I s considerably larger and 

extends pos ter ior ly , ventral to the entoric canal . The d i s t a l 

portion i s great ly expanded arjd contains a sint^Le large Iua<en 

with thick wal l s , -he whole i s dor w>-vent r a l l y coi,vp2>essed and 
extends l a t e r a l l y on each side of the canal . 
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About t h i s t i i e , the splanchnic mesoderm (sp.mes.), 

which completely encloses the t r a c t ( e n t . ) , hegins to assume a 

regular arrangement of i t s c e l l s . (These form at l ea s t a 

double layer around the endodermio enteric canal (Pig. 46). 

This i s the prlmordium of the outer layers of the digestive 

t r a c t . 

The branchial region shows considerable development. 

The ectoderm and endoderm are fused on the ventral side of the 

cavi ty, forming the oral p l a t e . This area i s of small size 

and ventral to the anter ior mairgin of the otocysts . There i s 

no t rue invagination of the ectoderm at t h i s point to form a 

stomodaeum, even when the oral p la te breaks through as i t does 

by the 35th day (Fig. 47, mth . ) . 

Poster ior to the f i r s t g i l l c l e f t s , three pa i rs of 

pouches have begun to develop by the 30th day. These are form­

ed by a thinning of the mesoderm and hollow outgrowth of the 

endoderm to meet the ectoderm. As in other systems, develop­

ment progresses pos ter ior ly from the anter ior end. Thus at the 

time the endoderm of the f i r s t pair of pouches i s fused with 

the ectoderm, the th i rd pa i r of pouches i s s l i gh t l y indicated 

by a pair of furrows. 

By the 35th day these throe pouches have broken 

through, forming the second, th i rd and fourth g i l l c l e f t s (br. 

e l . 2 , 3 , 4 ) , and the f i r s t , second and th i rd interbranchial septa, 

end another pair of pouches are par t ly formed. TJaoh in te r branch­

ia l septum is covered externally with ectoderm, in te rna l ly with 
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endoderm, and l a s a centra l axis of mesoderm. In the next 

few days the fourth v iscera l pouch breaks through, forming the 

f i f th g i l l c l e f t , and the fourth interbranohial septum, thlfl 

c le f t i s immediately an te r io r to the developing pectoral fin 

"buds and s l igh t ly dorsal to them. 

In observing the appearance of the g i l l c l e f t s from 

the ex te r ior , i t i s noticeable that each c lef t forms immediately 

a f te r the head fold extends to that pa r t i cu l a r region. 

About the 40th day another diverticulum i s given off 

from the sanB region as the l ive r but s l i gh t ly dorsal to i t . 

The d i s t a l end of this becomes enlarged. Shis i s the ventral 

pancreas (pn.) and the tube joining i t to the in tes t ine i s the 

pancreatic duct which p e r s i s t s throughout l i f e (Fig. 48). 

By the 40th day, the diverticulum tha t forms the l iver 

i s much enlarged d i s t a l l y , forming the l i ve r proper. I t s anter­

ior or proximal portion is constr icted in a narrow tube, the 

b i le duct (Fig. 48, b . d . ) , which i s enlarged, where i t joins 

the l i v e r , to form the sac-l ike gal l bladder. !The ga l l bladder 

i s enclosed by the l ive r except on i t s ventral surfaoo which 

touches the pe r ib l a s t . She ce l l s of the proximal portion of 

the l i ve r are arranged in def ini te tubules, which connect with 

the gall bladder. Liore d i s t a l l y the tubules are rudimentary 

and at the extreme posterior extremity are t o t a l l y undifferent­

ia ted . 

At th i s time, there i s a s l ight enlargement of the 
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digestive t r ao t just anter ior to the point where the "bile 

duct opens into the i n t e s t i n e . This i s the primordium of 

the stomach. 

3y the 45th day, a small diverticulum appears in the 

dorsal wall of the i n t e s t i n e , s l i gh t ly pos te r io r to the b i l e -

duct. This i s the dorsal pancreas (d.pn.) and i t s d i s t a l 

end develops as the ventral pancreas and fuses with i t . I t s 

duct disappears within a few days. The poster ior end of the 

in tes t ine i s curved vent ra l ly and l i e s against the ectoderm 

with which i t fuses to form the anal p l a t e . There i s no sign 

of invagination of the ectoderm (proctodaeum) ei ther a t t h i s 

time or a few days l a t e r , when the anal opening (an) i s formed 

by the separation of the ce l l s of the anal p la te (Fig. 50 . ) . 

The stomach, at the tjiae the anal opening i s formed, 

is s l i j^r t ly larger than the remainder of the t r a c t . The endo­

dermal -portion of the walls i s beginning to show longitudinal 

r idges , which very soon become defini te v i l l i . The splanchnic 

mesoderm in th i s region is very much thicker than elsewhere. 

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

before the 60th day, as a thick walled endodermal diverticulum 

at the anter ior end of the stomach (Fig. 51). At the time of 

i t s appearance, i t s r e l a t ion to the stomach and in tes t ine i s 

indefinite but i t l a t e r appears to be more closely re la ted to 

the anter ior or cardiac end of the stomach. As i t develops, 

i t extends dorsally and pos te r ior ly . At the time of hatching 

i t becomes short , not extending beyond the poster ior end of the 

stomach. By the time the yolk is absorbed, i t extends well 
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"back in the abdominal cavity immediately ventral to the kidney, 

and i s d iv i s ib le in two d i s t inc t p a r t s . The anter ior port ion, 

the pneumatic duet i s th ick walled and has a narrow lumen. The 

poster ior por t ion, the swim-hiadder proper, i s thin-walled and 

has a large lumen. 

The pancreas, vhose douhle origin has been given 

ahove, develops considerably in size and at the time of hatch­

ing lie s along the in tes t ine close to the muscular layer . I t s 

duct i s short and opens into the in tes t ine s l i gh t ly dorsal to 

the "bile-duct. This posi t ion i s re ta ined. 

The l ive r develops great ly in size and extends over 

the surface of the yolk. At the time of hatching very l i t t l e 

of i t is anter ior to the point where the "bile-duct enters the 

in tes t ine and th i s part contains the ga l l -b ladder . Later how­

ever i t s posi t ion changes and most of i t i s anter ior t o the 

stomach. 

About two weeks before the time of hatching the g i l l 

filaments (g . f . ) appear as two rows of finger l ike processes 

on the external surface of the interbranchial septa (Fig. 29) . 

On the internal surface of the operculum a smaller row, the 

hemi-branch, develops. Due to the presence of the operculum, 

the g i l l arches which show the curve charac te r i s t i c of the 

adult and the g i l l filaments are bent pos te r io r ly . Thus each 

row of filaments overlaps ard l i e s exter ior to the one post­

e r i o r to i t (Fig. 28) . 

The inner or endodermal portion of the stomach and 
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in tes t ine "becomes raised into v i l l i . 2he splanchnic meso­

derm forms an inner layer of c i r cu l a r muscle s and an outer 

layer of longitudinal muscles from the an te r io r end of the oes­

ophagus to the anal opening. Subsequent to the time of hatch­

ing a double i lezure appeal's in the stomach making i t S-shaped. 

The f i r s t flexure between the cardiac and pylor ic stomachs 

places the pylorus beside the cardia . At the point where the 

flexure takes place the stomach is continued pos ter ior ly into 

the median caecum. The second flexure i s betT?een the pylorus 

and i n t e s t i n e . From that point the in tes t ine passes as a 

s t ra ight tube to the anal opening. Before the yolk i s com­

p le t e ly drawn into the body cavity numerous small diver t icula 

from the pylorus form the pyloric caecae. 
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m . l a b . 

Dor sa l r o o t 

Willi Jllll III s h i e l d 

Endoderm 

Endolymphat ic duc t 

E n t e r o n 

Epidermal l a y e r of 
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G i l l f i l a m e n t s 

Gray m a t t e r 
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Germ w a l l 
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Is thmus 

S u p f f e r ' s v e s i c l e 

Lens 

Lobi i n f e r i o r e s 

L i v e r 

Llacula a c u s t i o a 

H i d - b r a i n 

lie d u l l a 

lie d u l l a r y p l a t e 
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mth. 

nu. 

olf. 

o l f . s . 

o l f . t . 

o p t . l . 

opt .St . 

op t . th . 

opt .ves . 

p . a . g . 

pa l . 

par . 

per . 

Pig . 

pin . 

Houth 

Hucleus 

Olfactory area 

Olfactory sac 

Olfactory t r a c t 

Optic lobe 

Optic s ta lk 

Optic thalami 

Optic vesicle 

Post-anal gut 

Pallium 

Paraphysis 

Per ib las t 

Pigmented epithelium 

Pineal bo^y or 

p i t . 

p . ly . cav . 

p n . 

p r . s t . 

r e t . 

seg.cav. 

s e l . 

sp .c . 

sp.gang. 

t e l en . 

t . f . 

v . f i s . 

v.root 

w.mat. 

7«P. 

P i tu i t a ry body or 
hypophysis 

Perilymphatic cavity 

Pancreas 

Primitive streak 

Retina 

Segmentation cavity 

Sclerotic 

Spinal cord 

Spinal ganglion 

telencephalon 

Tail fold 

Vent ra l f is sure 

Ventral root 

' /hite matter 

Yolk plug 



^ZPLAHATIOH OF PLASMS 

PLAT15! I 

Fig. 1 Section through unsegmented hlastodiso, x 28. 

Fig. 2 Surface view of blastodisc after first cleavage, 

1st day, x 28. 

Fig. 3 Surface view of hlastodiso after second cleavage, 

1st day, x 28. 

Fig. 4 Trans, section through hlastodiso of four blasto-

ijierGS, 1st day, ^28. 

Fig. 5 Surface view of hlastodiso of eight cells, 1st day, 

x 28. 

Fig. 6 Surface view of hlastodiso of eight cells, 1st day, 

x 28. 

Fig. 7 Surface view of multicellular hlastodiso, 2nd day, 

x 28. 

Fig. 8 Trans, section of multicellular jlastodisc, 2nd day, 

x 28. 

Fig. 9 Trans, section through "blastoderm, 7th day, x 110. 

Fig. 10 Trans, section through blastoderm, 10th day, x 20. 

PLAT17! II 

Fig. 11 Surface view of blastoderm, 11th day, x 14. 

Fig. 12 Surface view of embryonic shield, 13th day, x 8. 

Fig. IS Long, section through embryonic shield and blasto­

derm, 12th day, x 50. 
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Fig. 14 Surface vi«rw of medullary relate, 14th day, x 14. 

Fig. 15 Series of trans, sections (A - *!) from the posterior 

to the anterior ends, 16th day, x 80. 

Fig. 16 Surface Tie" of tr-il region, 18th day, x 32. 

PLANTS III 

Fig. 17 Surface viev of emhryo, 22nd dr-y, Z 15. 

Fig. 18 A. Trans, section through the region of Kupffer's 

vesicle, 18th &?y, x 80. 

Fig. 18 B. Trans section through the region of Kupffer's 

vesicle, 21st day, x 80. 

Fig. 19 Trans, section through the fore "brain, 16th day, 

x 150. 

Fig. 20 Trans, section through the forehr; in and optic 

vesicles, 18th day, x 95. 

Fig. 21 Trans, section through the dienoephalon and one 

optic vesicle, 20th cUy, x 80. 

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

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

Fig. 24 Trans, section through the dienoephalon raid one 

optic vesicle, 25th day, x 55. 

PLAT^ IY 

Fig. 25 Trrns. section through the posterior p-rt of the 

dienoephalon, showing infundihulum, 25th day, 

x 55. 

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

x 55. 
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Ft*. I f Trass, s ec t ion throng the awdulla and o tooys t s , 

tfitb day, x 86. 

F ig . t 8 Trams. Motion through region of the s # 4 u l l a , 101st 

day, x £0. 

Fig . 19 Long, seot lon of tho het,l rtglon ntnr the aedlan l i n o , 

lOlnt day, r 18 . 

Fig . 80 Tmne. seot l mi thro*.*;*. tb«» rwglon o" tha eidbrnln, 

156th dny, x 16. 

F ig . 81 Trans, oootlon through dlanoephalon, p&raphyniii » nd 

pineal body, 166th day, x SI . 

F ig . 82 Trans, oootlon through inftmdlbulua oh or lag tho 

or ig in of tho p i tu i tary body. 40th day, x 60. 

F ig . 88 Trans, oootlon through tho poster ior *nd of the ln -

ftaadlbulun road the p i tu i tary body, 4f»th day, 

X 60. 

PUT* T 

Fig* 84 Trans, oootlon through dlonoophalon showing tho 

or ig in of tho pineal body, and tho forward 

project ion of t h e midbrain, 48th day, x 66. 

F ig . 86 Trans, oootlon of telencephalon showing olfactory 

t r a c t s , 166th day, x 32 . 

Fig* 86 Long, oootlon through the *ye shaming the choroid 

f i ssure rnd mesoderm wnt«rlng th* eye , 

86th day, x 60. 

F ig . ST d. Trans, sect ion of o l factory area, 46th day, x 160. 

Fig . 3T B. Trans, soot Ion through olfuotory one. 60th day, 

x 160. 



Fig. 38 Trans, section through, olfactory organ at the ex­

terior, 101st day, x 60. 

Fig. 39 Trans, section through tho hindhrain showing in­

vagination of otocyst and beginning of the endo-

dermal branchial folds, 18th day, x 150. 

Fig. 40 Trans.section of ; "ditory vecicle, 50th day, x 60. 

PLAT^ VI 

Fig. 41 Trans, section through e, r, 156th day, x 30. 

Fig. 42 Trans, section through hindhrain and "pertly formed 

branchial ccvity, 19th day, x 80. 

Fig. 43 Trans, section through the region of the hindhrain 

showing the first branchial cleft on one side, 

21st day, x 60. 

Fig. 44 Trans, section through region of the liver, 21st day, 

x 60. 

Fig. 45 Median sagittal section of tail region, 25th day, 

X 60. 

Fig. 46 Trans, section ne-r anterior end of the body cavity, 

30th day, x 60. 

Fig. 47 Long, section (oblique) of tho branchial cavity and 

clefts, 35th day, x 60. 

i 

PLAfjj YII 

Fig. 48 Trans, section of in tes t ine and bilo duct sho-ing 

the diverticulum of tho ventrpl pancreas, 

40th day, y 165. 
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. 49 Trans, section through the region of tho divert­

iculum of tho dorsal puno" oas, 46th day, z 60. 

. 50 Trans, section of intestine and anal opening, 

50th day, X 160. 

. 51 Trans, section of lio cardiac stomach and divert­

iculum of the 8V7im bladder, 60th day, z 60. 

• 5£ Trans, section of spinal cord, 101st day, x 150. 
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