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The Growth and Development 
of Developmental Biology 

JANE M. OPPENHEIMER 

Department of Biology, Bryn Mawr College, Bryn Mawr, Pennsylvania 

Introduction 
T h e first s y m p o s i u m o n D e v e l o p m e n t a n d G r o w t h was he ld in A u g u s t 

1 9 3 9 (Fig. 1 ) . S i x years before , i n 1 9 3 3 , T h o m a s H u n t M o r g a n , in his 

e a r l i e r years a n e x p e r i m e n t a l embryo log i s t , was a w a r d e d the Nobe l Prize 

for his discoveries concern ing the f u n c t i o n of chromosomes in the trans

mission of h e r e d i t y ; f o u r years be fore the first sympos ium, in 1 9 3 5 , 

H a n s S p e m a n n h a d rece ived the pr ize f o r h is d i scovery of the organizer 

effect i n e m b r y o n i c d e v e l o p m e n t . Y e t P o n t e c o r v o , i n h is i n t r o d u c t i o n 

to " T r e n d s in G e n e t i c A n a l y s i s , " has s tated that : "It is n o exaggera t ion 

to say t h a t be fore a b o u t 1 9 4 0 w h a t w a s k n o w n o n the n a t u r e a n d m o d e 

of genet ic specificity—i.e. , w h a t was k n o w n a b o u t c h r o m o s o m a l h e r e d i t y 

— w a s b u t a series of d e v e l o p m e n t s o n the t h e o r y of the gene" (Ponte

corvo , 1 9 5 8 , p . 2 ) . R i c h a r d G o l d s c h m i d t w r o t e i n the preface to his 

"Physiological Genet ics" in 1 9 3 8 that : "It is emphas ized o v e r and o v e r 

again by w r i t e r s of texts a n d by g e n e r a l speakers [ that] w e k n o w n e x t to 

n o t h i n g of the ac t ion of the h e r e d i t a r y m a t e r i a l in c o n t r o l l i n g deve lop

m e n t " (Goldschmidt , 1 9 3 8 , p. v ) . 

T h i s i n t r o d u c t o r y p a p e r w i l l shor t ly a t t e m p t to describe some of w h a t 

P o n t e c o r v o ca l led "the h i s tor ica l l andscape" ( 1 9 5 8 , p . 3) of o v e r 

twenty-f ive years ago. S ince genetics a n d the s tudy of d e v e l o p m e n t h a v e 

converged d u r i n g the i n t e r v e n i n g q u a r t e r - c e n t u r y , together w i t h the 

s tudy of molecu les a n d macromolecu le s : of pro te ins , enzymes, nuc leo-

prote ins , a n d others; of cells a n d organe l les ; of m e t a b o l i c p a t h w a y s a n d 

i m m u n e react ions ; of microbes a n d pro tozoans a n d fungi ; a n d since 

the i r convergence has t r a n s f o r m e d b io logy a n d has c a r r i e d i t to depths 

h a r d l y d r e a m e d of w h e n this Society first m e t as a Society in 1 9 4 0 , i t 

m a y be a p p r o p r i a t e to i n q u i r e to w h a t degree the Society, a n d in 

p a r t i c u l a r its symposia, m a y h a v e reflected, o r possibly h a v e c o n t r i b u t e d 

to, the d e v e l o p m e n t of the n e w bio logy . 

1 
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F I G . 1. First symposium for G r o w t h and Deve lopmen t , N o r t h T r u r o , Massachusetts, Augus t 7 - 1 1 , 1 9 3 9 . 

Front to back: First Row, left to right: Drs. L . C. Dunn , Co lumbia ; V . Hamburge r , Wash ing ton Univers i ty ; W . H . Lewis , Carnegie Insti
tution; M . G . Brown, Washington Univers i ty ; R . L . Ris ley , State Univers i ty of I o w a ; L . W a l p , Mar ie t ta Col lege , O h i o ; C. L . Schneider, 
Harvard ; R . S. Childs, Columbia ; E. Br i l l , Harvard ; R . Gi l le t te , W a s h i n g t o n Universi ty . 

Second Row: Drs. L . L o e b , Wash ing ton Universi ty; W . F. D o v e , Univers i ty of M a i n e ; T . B . Steele, Lankenau Hospi ta l Research 
Institute; Mrs . L . G . Barth; Mrs . J. N e e d h a m ; Dr . Florence Peebles, Chapman C o l l e g e ; Mrs . A . B . Dawson; Dr . F. S. H a m m e t t , Lankenau 
Hospi ta l Research Institute; Mrs . L . L o e b ; K . H y d e , Lankenau Hosp i ta l Research Insti tute; Drs. Louise P . W i l s o n , Wel les ley ; Julia Out
house, Universi ty of I l l inois ; Myr t l e M c G r a w , Co lumbia ; Mrs . D a m m a n n , Columbia . 

Third Row: Drs. P . W . Gregory, Univers i ty of California, Davis; C. Deuber , Y a l e ; H . Dorsey, Univers i ty of Connecticut ; P . W h i t e , 
Rockefel ler Institute; E. W . Sinnott, Columbia ; P . A . Weiss , Univers i ty of Chicago; A . B . Dawson, Harva rd ; R . Grant , M c G i l l Univers i ty ; 
O . Rahn , Cornel l ; R . Aronson, Lankenau Hospi ta l Research Institute; H . S. Burr, Y a l e ; C . H . W a d d i n g t o n , Cambr idge Univers i ty ; N . J. 
Berr i l l and G . H . Sander, M c G i l l Universi ty . 

Fourth Row: Drs. J. W . Wi l son , B rown Universi ty; L . B . Clark, U n i o n Col l ege ; L . G . Barth, Columbia ; Ę . V . T h i m a n n , and L . H o a d -
ley, Harvard ; A . D . Mead , Brown Universi ty; N . Padis and S. P . R e i m a n n , Lankenau Hospi ta l Research Institute; J. N e e d h a m , Cambr idge 
Universi ty; O . Glaser, Amhers t ; G . Toenn ies and B . M i l l e r , Lankenau Hospi ta l Research Institute; J. F. Daniel , Univers i ty of Cal i fornia , 
Berkeley; O . Schotte, Amherst ; J. H . W o o d g e r , Universi ty of L o n d o n ; C. Stern, Univers i ty of Rochester; G . Smith, Y a l e . 

Photograph and key kindly supplied by Dr. Paul Weiss 
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T h e G r e e k w o r d symposium m e a n s drinking together, a n d the equiv
a l e n t L a t i n w o r d convivium, the G e r m a n Gastmahl, the F r e n c h banquet 
t h a t resembles o u r o w n , a l l i m p l y t h a t p e o p l e get together a n d h a v e a 
good t ime; t h a t has been t r u e for m e m b e r s of the Society for the S t u d y of 
D e v e l o p m e n t a n d G r o w t h , n o w the Society f o r D e v e l o p m e n t a l Bio logy , 
since its or ig in . A t a G r e e k sympos ium the guests first d ined , a n d then 
exchanged ideas o v e r w i n e . I n the sympos ium so v i v i d l y descr ibed by 
P la to , the ideas w e r e a b o u t Eros; o u r symposia deal w i t h his frui t s . T h e 
meet ings of w h a t w e a r e in the h a b i t of ca l l ing the G r o w t h Society h a v e 
a lways been dis t inguished by a special conv iv ia l i ty . T h e first seventeen 
w e r e h e l d in N e w England , w h e r e Homarus americanus finds its most 
f a v o r a b l e e n v i r o n m e n t , a n d lobster d inners , especial ly at the N o r t h 
T r u r o meet ings , b u t of ten e l sewhere too, w e r e p a r t i c u l a r l y fe l ic i tous 
occasions. T h e r e used to be music at a G r e e k sympos ium, af ter d in ing . 
W e h a d o u r mus ic ian too, of sorts, t h o u g h w i t h a d i f ferent tune ; n o n e 
of us w h o a t t e n d e d the e a r l y meet ings can forget W a l t e r W i l s o n ' s 
w h i s t l e — m a n y decibels of i t — w h e n h e ca l led us to o r d e r . A n d those 
of us w h o w e r e so f o r t u n a t e as to a t t e n d those first meet ings r e m e m b e r 
w i t h p leasure the i r u n h u r r i e d pace, n o w n o longer possible i n the days 
of subsidy by g o v e r n m e n t a l agencies, a n d the generous o p p o r t u n i t y f o r 
smal l er as we l l as l a r g e r groups to exchange ideas in f r e e d o m a n d in 
le isure. 

T h e p a t t e r n for the sympos ium meet ings was set a t the first one i n 
N o r t h T r u r o , Massachusetts , w h e r e Freder ick H a m m e t t , then w o r k i n g 
i n N o r t h T r u r o at the M a r i n e E x p e r i m e n t a l S t a t i o n of the L a n k e n a u 
Hospi ta l Research Ins t i tu te , e x p e n d e d "tireless efforts f or [the] c o m f o r t 
[of those w h o a t t e n d e d ] , f or the ir e n t e r t a i n m e n t a n d for t h e i r enjoy
m e n t of the sessions" (Hoadley , 1 9 5 0 , p . [ 2 6 1 ] ) . T h e es tab l i shment of 
the Society is b o u n d u p h is tor ica l ly , in fact, w i t h t h a t of the L a n k e n a u 
Hospi ta l Research Inst i tute , a n d also w i t h t h a t of the per iod ica l Growth, 
a n d these re la t i onsh ips m a y be brief ly e x a m i n e d . 

T h e or ig ins of the Ins t i tu te , of the j o u r n a l , a n d of the Society h a v e 
been descr ibed in a v o l u m e of Growth ded icated to H a m m e t t at the 
t ime of his r e t i r e m e n t (Di l ler , 1 9 5 0 ; Hoadley , 1 9 5 0 ; R e i m a n n , 1 9 5 0 ; 
W h i t e , 1 9 5 0 ) . R e i m a n n , in his r e m a r k s , gave the cred i t to H a m m e t t f or 
crystal l iz ing the idea of the Inst i tute . A c c o r d i n g to R e i m a n n , H a m m e t t 
asked h im, " W h y don ' t y o u try to g a t h e r together a few peop le , t ry to 
interest someone in b u i l d i n g a l a b o r a t o r y at L a n k e n a u Hospi ta l , a n d 
start w o r k on p r o b l e m s of g r o w t h a n d d e v e l o p m e n t ? " " G r o w t h a n d 
d e v e l o p m e n t — b o t h n o r m a l a n d a b n o r m a l ? " I asked, a n d h e n o d d e d 
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his h e a d v igorous ly" ( R e i m a n n , 1 9 5 0 , p. [ 2 5 5 ] ) . I t w a s u n d e r the leader
ship of H a m m e t t , w h o became scientific d i r e c t o r of the Ins t i tu te i n 1 9 2 7 , 
that the j o u r n a l Growth was establ ished; its first issue a p p e a r e d i n 
1 9 3 7 , a n d H a m m e t t , "as o r i g i n a t o r of the p l a n a n d its m a i n s p r i n g , w a s 
to be Editor- in-Chief" ( W h i t e , 1 9 5 0 , p . [259]) ; h is p o o r h e a l t h p e r m i t t e d 
h i m to r e t a i n this pos i t ion for a shor t t ime on ly . W i t h a l l d u e respect 
to a n d g r a t i t u d e for the v e r y cons iderab le r o l e t h a t H a m m e t t ' s in teres t 
a n d enthus iasm p l a y e d in g iv ing i m p e t u s to the e s tab l i shment of the 
Ins t i tu te , of the j o u r n a l , a n d thus of the Society, w e m u s t also r e m e m b e r , 
w i t h e q u a l g r a t i t u d e , the t r e m e n d o u s c o n t r i b u t i o n m a d e b y R e i m a n n 
himself, t h r o u g h his o w n energy a n d i m a g i n a t i o n , in des igning the 
symposia a n d in the ear ly i m p l e m e n t a t i o n of the p lans . 

T h e first sympos ium o n D e v e l o p m e n t a n d G r o w t h was sponsored by 
the ed i tors of Growth, a n d it was h e l d in A u g u s t 1 9 3 9 , a t N o r t h T r u r o , 
as w e h a v e said. T h e meet ings w e r e h e l d i n the smal l v i l l a g e school-
house; a t each session, m o r n i n g a n d a f t e r n o o n for five days , a s ingle 
ta lk was the m a i n in te l l ec tua l sustenance, a n d the r e m a i n d e r of the t ime 
was spent o n d i scuss ion—what h a p p y days w e r e those! T h e Society was 
organized as a re su l t of the success of t h a t first meet ing , a b o u t whose 
c o n t e n t m o r e w i l l be said la ter , a n d symposia h a v e been h e l d a n n u a l l y 
since, except d u r i n g the w a r years 1 9 4 3 a n d 1 9 4 4 , a n d in 1 9 5 0 w h e n 
a l l m e m b e r s of the Society w e r e i n v i t e d to a t t e n d the S e v e n t h Inter 
n a t i o n a l Congress of Ce l l B io logy t h a t m e t i n N e w H a v e n i n Septem
ber. T h e sympos i um h e l d in N o r t h T r u r o in 1 9 4 5 was the o n l y o n e for 
w h i c h the papers w e r e n o t pub l i shed; the ir t it les a n d a u t h o r s are , how
ever , l i s ted in a c u m u l a t i v e i n d e x i n c l u d e d in the fifteenth sympos ium 
v o l u m e . 

T h e p a p e r s d e l i v e r e d a t the first ten symposia (minus those g iven in 
1 9 4 5 ) a p p e a r e d , u n d e r the ab le e d i t o r s h i p of I r e n e C o r e y D i l l e r , in 
Growth, w h i c h was f r o m 1 9 4 1 to 1 9 5 1 the official o r g a n of the Society , 
or in s u p p l e m e n t s to it. T h e subsequent symposia w e r e p u b l i s h e d as 
h a r d b o u n d books, edi ted, in t u r n , b y E. J . Boel l , E l m e r B u t l e r , a n d for 
a n u m b e r of years D o r o t h e a R u d n i c k , w h o has f o u n d a w o r t h y successor 
in M i c h a e l Locke . 

S o m u c h , r a t h e r f o r m a l i s t i c — e x c e p t f o r the nostalg ic m e m o r i e s of the 
l i t t l e schoolhouse a n d the lobs ter d i n n e r s a t N o r t h T r u r o — i s factua l 
d a t a reassembled h e r e as an i n t r o d u c t i o n to the m a i n t h e m e of this 
essay, w h i c h is to assay h o w the c o n t e n t a n d the n a t u r e of the symposia 
h a v e been r e l a t e d to progress i n w h a t w e n o w cal l d e v e l o p m e n t a l 
biology. 
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H o l d i n g symposia o n special ized scientific topics was n o t a n e w idea 
a t the e n d of the 1930 's ; the C o l d S p r i n g H a r b o r S y m p o s i a o n Q u a n 
t i ta t ive B io logy w e r e i n fu l l swing; in fact , one of these, i n 1 9 3 4 , h a d 
a l r e a d y been d e v o t e d to "Some Aspects of G r o w t h , " a n d in 1 9 3 8 B a r t h 
h a d been the sen ior a u t h o r of a p a p e r on the organizer d e l i v e r e d a t a 
C o l d S p r i n g H a r b o r S y m p o s i u m o n pro te ins ( B a r t h a n d Graff, 1 9 3 8 ) . 
T h e A m e r i c a n Assoc iat ion for the A d v a n c e m e n t of Science began to 
p u b l i s h symposia in 1 9 3 8 , a n d the Bio log ica l Sympos ia , ed i t ed by 
J a q u e s Cat te l l , began to a p p e a r in 1 9 4 0 . W h a t seemed u n i q u e a b o u t 
the ear ly G r o w t h Sympos ia was t h a t they w e r e organized d i f ferent ly f r o m 
others . W h e n H a m m e t t suggested to R e i m a n n the e s tab l i shment of an 
ins t i tu te to s tudy cancer f r o m a bio logica l p o i n t of v i e w h e was t h i n k i n g 
of b r i n g i n g to b e a r on one p r o b l e m a p p l i c a b l e ev idence f r o m studies 
o n others; this has of ten been a successful m a n e u v e r i n science. I t was 
one of the d i s t inguish ing features of the ear ly , as i t has been of the 
later , G r o w t h Sympos ia t h a t t h e i r p a r t i c i p a n t s w o r k e d in w i d e l y d iver 
gent discipl ines . N e v e r has there been a G r o w t h S y m p o s i u m w i t h o u t a 
p l a n t biologist as a speaker; n e v e r one w i t h o u t a geneticist , for instance . 
T h e d ivers i ty of fields covered in the symposia w i l l be f u r t h e r exem
plif ied in a l a t e r section of this essay. 

T h e f o r e w o r d of the first sympos ium specifies that at t h a t meet ing 
"representat ives of the fields of a g r i c u l t u r e , bacter io logy , b iochemis try , 
biophysics , bo tany , cytology, e m b r y o l o g y , endocr ino logy , genetics, his
tology, mathemat i c s , pa tho logy , p h i l o s o p h y , physio logy, a n d zoology con
centra ted on a single issue, a n d cons iderable c o r r e l a t i o n a n d conceptua l 
i n t e g r a t i o n was accompl i shed" (Berr i l l , 1 9 3 9 , p. [ i ] ) . B e r r i l l m i g h t h a v e 
a d d e d tha t representa t ives f r o m at least t w o cont inents presented papers , 
a s i tuat ion that was to p r e v a i l a t a n o v e r w h e l m i n g m a j o r i t y of the 
meet ings . 

T h e "single issue" B e r r i l l r e f e r r e d to was " D e v e l o p m e n t a n d G r o w t h , " 
w h i c h w e shou ld n o w consider a f a i r l y m u l t i p l e one . I n fact, the papers 
presented at the first sympos ium exempl i f i ed m u l t i p l i c i t y . W a r r e n Lewis , 
i n v i t e d to discuss cell d iv i s ion , n a r r o w e d his topic to "Some C o n t r i b u 
t ions of Tissue C u l t u r e to D e v e l o p m e n t a n d G r o w t h . " C u r t S t e r n a n d 
C. H. W a d d i n g t o n separate ly discussed genes i n d e v e l o p m e n t , N e e d h a m 
the b iochemica l aspects of organizer p h e n o m e n a , Schot te the or ig in a n d 
m o r p h o g e n e t i c potencies of regenerates . S i n n o t t spoke o n cel l -organ 
re la t ionsh ips in p lants . T w o papers o n size r e l a t i o n s h i p s in g r o w t h 
w e r e d e l i v e r e d by P. W . G r e g o r y a n d O t t o Glaser , respect ive ly . T h e first 
sympos ium, as the second was to d o also, conc luded w i t h a p a p e r by a 
real ph i lo sopher . 
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T h e p a p e r s in the first s y m p o s i u m w e r e a l l r a t h e r closely r e l a t e d to 
w h a t in the o l d days m i g h t h a v e been ca l l ed e m b r y o l o g y . T h i s was n o t 
to be t r u e for long. A s e a r l y as 1 9 4 0 , i n the second sympos ium, every 
p a p e r d e a l t w i t h an aspect of w h a t w e w o u l d cal l m o l e c u l a r bio logy 
(a phrase w h i c h , by the w a y , w a s a l r e a d y in use in 1 9 3 9 , as w e shal l 

s ee ) . A l t h o u g h mos t of the speakers ( inc lud ing the p h i l o s o p h e r ) ad
dressed themselves to the e x a m i n a t i o n of chemica l o r phys ica l factors 
i n specific r e l a t i o n s h i p to g r o w t h a n d d e v e l o p m e n t , O. L. Spons ler 
in h is ta lk o n prote ins , a n d R u d o l p h S c h o e n h e i m e r i n his on the syn
thesis of p r o t o p l a s m i c const i tuents , m a d e n o d irec t r e f erence to devel
o p m e n t (at least accord ing to the p r i n t e d r e c o r d ; on ly a 3 i / 2-page 
abstract of Schoenhe imer ' s p a p e r was p u b l i s h e d ) . S c h o e n h e i m e r ? W h a t 
was h e d o i n g there? His b o o k w a s n o t p u b l i s h e d u n t i l the f o l l o w i n g 
year . H e w a s surpr i sed himself , I h a v e i t o n good a u t h o r i t y , to h a v e 
been inv i t ed . T h e reason f o r h is i n v i t a t i o n is a c lue to the success of 
the Society: the officers w h o asked h i m to come c o u l d see the appl ica
b i l i t y of his w o r k to d e v e l o p m e n t a l b io logy . 

The State of Embryology in 1938 and 1939 
I n o r d e r to a p p r e c i a t e the changes in d e v e l o p m e n t a l b io logy tha t 

h a v e come a b o u t since the Society was f o u n d e d , a n d to r e l a t e the 
act iv i t ies of the Society to these changes, w e n e e d to r e m i n d ourse lves 
of w h a t invest igators of g r o w t h a n d d e v e l o p m e n t w e r e t h i n k i n g a b o u t 
in the l a t e 1930's . I t is imposs ib le e i t h e r to choose or to classify the ir 
studies except o n a subjec t ive basis, a n d the invest igat ions to be l isted 
i n this a n d in the f o l l o w i n g section of this essay h a v e been selected 
because they seem to m e e i t h e r to l o o k b a c k w a r d o r to l ook f o r w a r d in 
an in teres t ing w a y . A n o t h e r w r i t e r w o u l d n o d o u b t choose o t h e r 
examples . 

L e t us beg in w i t h some giants . I n 1 9 3 8 H o i tf r e ter ( 1 9 3 8 a , b ) p u b 
l i shed the resul ts of the l o n g a n d e x h a u s t i v e studies in w h i c h h e m a p p e d 
in de ta i l the potent ia l i t i e s of i so lated p o r t i o n s of u r o d e l e a n d a n u r a n 
gas tru lae , a n d the f o l l o w i n g y e a r (Hol t f re ter , 1 9 3 9 ) his first m a j o r 
discussion of tissue affinity. H a r r i s o n publ i shed , in 1 9 3 8 , a l ec ture g iven 
the p r e v i o u s y e a r on the m u l t i f o l d accompl i shments of the n e u r a l crest. 
Harr i son ' s o w n m e t h o d of tissue c u l t u r e h a d been useful in the acquisi
t ion of some of the resul ts h e r e p o r t e d . T h i s t echn ique , in the la te 
1930's , was b e g i n n i n g to be increas ing ly e x p l o i t e d by embryo log i s t s for 
the s tudy of e m b r y o n i c organizat ion . R u d n i c k in 1 9 3 8 ( 1 9 3 8 a , b ) s tudied 
the d i f f erent ia t ion in tissue c u l t u r e of pieces of the ear ly chick blasto-
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d e r m at the h e a d process a n d p r i m i t i v e s treak stages; Nicholas ( 1 9 3 8 ) 
c u l t u r e d 9-day r a t e m b r y o s in a c i rcu la t ing m e d i u m , a n d Pincus (Pincus 
a n d W e r t h e s s e n , 1 9 3 8 ; Pincus , 1 9 3 9 ) a t t e m p t e d to s tudy the deve lop
m e n t of fert i l ized a n d art i f ic ia l ly ac t iva ted r a b b i t eggs in vitro. I n 1 9 3 8 
T ö r ö r e p o r t e d the homeogenet i c i n d u c t i o n of n e u r a l fo lds in r a t 
e m b r y o s m a i n t a i n e d in vitro; this was, I be l i eve , the first d irec t d e m o n 
s tra t ion of n e u r a l i n d u c t i o n in m a m m a l s ; l a m p r e y s , teleosts, a n d b i rds 
h a d p r e v i o u s l y been shown to d e v e l o p the ir centra l n e r v o u s tissue in 
response to i n d u c t i v e s t imul i . 

Even if a l l the ver t ebra te s s tudied re sembled each o t h e r in deve lop
ing the ir n e r v o u s systems by induc t ion , the mechani sms of i n d u c t i o n 
w e r e , in 1 9 3 8 a n d 1 9 3 9 , as they h a d prev ious ly been a n d as they sti l l 
r e m a i n , m a j o r enigmas. 

C h u a n g , in 1 9 3 8 a n d 1 9 3 9 , a d d u c e d the first conclus ive ev idence in 
f a v o r of i n d u c t i v e specificity on the p a r t of he terogeneous inductors ; 
T o i v o n e n ( 1 9 3 8 ) i n d e p e n d e n t l y came to s imi lar conclusions. Shen 
( 1 9 3 9 ) q u a n t i t a t i v e l y s tudied a polycycl ic h y d r o c a r b o n (sodium endo-

succinate salt of 1 : 2 : 5 : 6 d i b e n z a n t h r a c e n e ) as an i n d u c t i v e factor , fol
l o w i n g u p w o r k by W a d d i n g t o n ( 1 9 3 8 ) w h o h a d d e m o n s t r a t e d induc
t ive effects e x e r t e d by 1 : 2 : 5 : 6 d i b e n z a n t h r a c e n e itself. In 1 9 3 8 J e a n 
B r ä c h e t r e p o r t e d o n the loca t ion of s u l f h y d r a t e d pro te ins in d e v e l o p i n g 
a m p h i b i a n s ; he h a d s tudied for f o u r years the r e s p i r a t o r y r a t e of v a r i o u s 
p o r t i o n s of the a m p h i b i a n gastrula . I n 1 9 3 9 , he discussed the r e l a t i o n 
of p r o t e i n a n d c a r b o h y d r a t e m e t a b o l i s m to the p r o b l e m of the am
p h i b i a n organizer (Brächet , 1 9 3 9 ) . 

Boe l l et al. r e p o r t e d in 1 9 3 9 on a n a e r o b i c glycolysis in regions of the 
a m p h i b i a n gastrula , a n d Boel l a n d Pou l son ( 1 9 3 9 ) o n the r e s p i r a t o r y 
metabo l i sm of n o r m a l a n d genet ica l ly deficient Drosophila eggs; in 
1 9 3 8 Boe l l h a d p u b l i s h e d a c o l l a b o r a t i v e p a p e r w i t h B o d i n e o n the 
effect of DNP's o n r e s p i r a t o r y m e t a b o l i s m d u r i n g the d e v e l o p m e n t of 
grasshopper e m b r y o s (Bod ine a n d Boel l , 1 9 3 8 ) . 

Bodens te in ( 1 9 3 9 ) invest igated m e t a m o r p h o s i s in Drosophila by 
means of interspecif ic o r g a n t ransp lant s ; H a d o r n a n d Neel ( 1 9 3 8 ) 
r e p o r t e d on the h o r m o n a l inf luence of the corpus a l l a t u m on p u p a t i o n 
in Drosophila. I n 1 9 3 9 H a m b u r g e r d e m o n s t r a t e d sensory a n d m o t o r 
h y p e r p l a s i a in the chick following l i m b b u d t r a n s p l a n t a t i o n ; the prev i 
ous y e a r ( 1 9 3 8 ) , Y o u n g s t r o m pub l i shed the first r e p o r t of the c o r r e l a t i o n 
between the a p p e a r a n c e of Cholinesterase in the e m b r y o a n d the devel
o p m e n t of b e h a v i o r pa t t erns . 

Hörs tad ius , h a v i n g comple ted a large n u m b e r of his i so lat ion and 
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r e c o m b i n a t i o n e x p e r i m e n t s , r e p o r t e d i n 1 9 3 8 the resul t s of constr ic t ion 
e x p e r i m e n t s o n sea u r c h i n eggs; L i n d a h l a n d Ö h m a n n ( 1 9 3 8 ) t r i ed to 
account f o r grad ient s i n e c h i n o d e r m d e v e l o p m e n t i n m e t a b o l i c terms. 
Ries , i n 1 9 3 9 , r e p o r t e d the r e s u l t of p i o n e e r i n g h i s tochemica l studies 
o n oop lasmic segregat ion i n a n u m b e r of i n v e r t e b r a t e s . 

I n 1 9 3 9 W h i t e descr ibed the g r o w t h of excised p l a n t ca l lus in vitro 
in art i f ic ial n u t r i e n t s ; the same y e a r G a u t h e r e t a n d N o b é c o u r t in F r a n c e 
p e r f o r m e d successful c u l t u r e of u n d i f f e r e n t i a t e d p l a n t tissues for poten
t ia l ly u n l i m i t e d per iods . W e n t , in 1 9 3 9 , r e p o r t e d o n the effects of a u x i n 
o n r o o t f o r m a t i o n . Engl ish et al. ( 1 9 3 9 ) i so lated f r o m beans a crystal
l i n e substance t h a t showed w o u n d h o r m o n e act iv i ty . J . R . R a p e r p u b 
l ished in 1 9 3 9 the first of a series of p a p e r s o n sexua l h o r m o n e s in 
Achlya, a n d the same y e a r K. B. R a p e r ( 1 9 3 9 ; R a p e r a n d S m i t h , 1 9 3 9 ) 
p u b l i s h e d t w o p a p e r s o n cond i t ions f a v o r a b l e for the g r o w t h of 
Dictyostelium. 

D e v e l o p m e n t a l biologists t end to be l i eve t h a t they a r e we l l - suppl i ed 
w i t h books in the mid-1960 ' s , since n e w ones a p p e a r i n f r e q u e n t succes
sion. A cons iderab le n u m b e r of books o n d e v e l o p m e n t a l b io logy ap
p e a r e d , o r w e r e be ing p r e p a r e d , d u r i n g 1 9 3 8 a n d 1 9 3 9 , too. T h e 
Engl ish t r a n s l a t i o n of S p e m a n n ' s S i l l i m a n Lec tures o n e m b r y o n i c induc
t ion was p u b l i s h e d in 1 9 3 8 . D a l c q p u b l i s h e d in Engl ish, in 1 9 3 8 , a b o o k 
o n " F o r m a n d Causa l i ty ," a n d in French , in 1 9 4 1 , a l o n g e r o n e on 
"L'Oeuf et son D y n a m i s m e O r g a n i s a t e u r . " I n 1 9 3 9 P a u l W e i s s p u b 
l i shed a fine b o o k o n "Princ ip les of D e v e l o p m e n t , " a n d his ideas, as 
expressed in t h a t book , in l a t e r talks to the G r o w t h Society, a n d in 
p a p e r s p u b l i s h e d e l sewhere , w e r e to e x e r t s trong inf luence o n the n e w 
embryo logy . T h e y e a r 1 9 4 0 saw the a p p e a r a n c e of W a d d i n g t o n ' s "Organ
isers & Genes" a n d W i n d l e ' s "Physio logy of the Fetus ." C h i l d p u b 
l i shed in 1 9 4 1 an 8 1 1 - p a g e m o n o g r a p h o n "Pat terns a n d P r o b l e m s of 
D e v e l o p m e n t " in w h i c h h e cons idered e x p e r i m e n t a l d a t a to show, as 
h e p u t i t , " that v a r i o u s sorts of g r a d i e n t s w h i c h a p p e a r in d e v e l o p m e n t 
a r e mani fe s ta t ions o r express ions of u n d e r l y i n g phys io log ica l differen
t ials of some sort, w h i c h a r e organi smic i n o r d e r of m a g n i t u d e " (Chi ld , 
1 9 4 1 , p . 7 ) . Its l e n g t h m i g h t suggest t h a t its w r i t i n g h a d been u n d e r 
w a y in 1 9 3 8 a n d 1 9 3 9 . G e r o n t o l o g y in the l a t e r 1960 's is supposed to 
be a m o d e r n science; in 1 9 3 9 C o w d r y p u b l i s h e d the first e d i t i o n of a 
758-page c o m p e n d i u m on "Prob lems of Age ing . Bio log ica l a n d M e d i c a l 
Aspects ." 

If a l l these w e r e m a j o r interests of embryo log i s t s d u r i n g the la te 
1930's , w h a t was the state of the sciences then seemingly a p a r t f rom 


