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THE EFFECTS OF MAGNESIUM PEMOLINE AND THYROXINE ON 

THE DEVELOPMENT OF VISUAL DEPTH PERCEPTION 

IN LAMBS: ENDOCRINOLOGICAL ASPECTS

CHAPTER I  

INTRODUCTION

This and r e l a t e d  s tu d ie s  would probab ly  no t have been done 

d u ring  the  f i r s t  decade o f  t h i s  c e n tu ry ,  even i f  th e  te ch n o lo g ic a l  

e s s e n t i a l s  had been a v a i l a b l e ,  fo r  the  p sy ch o lo g ica l  Z e i t g e i s t  of 

th e  time held  th a t  the  s t r u c t u r e  and the  n a tu re  o f  th e  organism was 

determ ined  s o le ly  by g e n e t ic  endowment (Davenport, 1911; Goddard, 1912; 

Murphy, 1949; P e te rso n ,  1925). However, by the  t h i r d  decade, more 

e q u i t a b le  importance Was being g iven  to  each s id e  o f  G a l to n 's  "n a tu re -  

n u r tu r e "  problem (Carmichael, 1925, 1926; S tone, 1934; Woodworth,

1941). Science no longer  asks " i f "  bu t p e r io d i c a l ly  asks "how much" 

and "how" h e re d i ty  and environment c o n t r ib u te  to  th e  o rgan ic  process 

(A n a s ta s i ,  1958; C a t t e l l ,  1968; H ollingshead  & R ed lich ,  1965; S ro le ,  

L angner, M ichael, O pler, & Rennie, 1962). These q u es t io n s  remain 

i n  a s t a t e  of a g n o s t ic  u n re s t  and are th e re f o r e  r e s e a rc h a b le .

More s p e c i f i c a l l y ,  th e re  have been immense amounts o f  re s e a rc h  

and th in k in g  d i r e c te d  to  the  environm enta l ( e s p e c i a l l y  the  m a te rn a l)  

in f lu e n c e s  on th e  very  young organism (Angyal, 1965; Bovard, 1954, 

1958; Cooper & Zubek, 1958; Freud, 1939; G ese ll  & I l g ,  1949; Harlow,
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1959; Levine & A lp e r t ,  1959; R iesen , 1950; Rosen, 1958; S c h a f fe r ,  1958; 

Senden, 1932; Thompson & Heron, 1958; and o th e r s ) .  The g r e a t  importance 

p laced  on observ ing  th e  e f f e c t  of th e  environment on the  neonate  is  

probab ly  due to  the "green tw ig" concept - -  the  n o t io n  th a t  most o f  

what happens to the very  young organism w i l l  have c r u c i a l  and enduring 

consequences. The r e s u l t s  o f  such s tu d ie s  can o f te n  be v a l i d l y  g e n e ra l iz e d  

to  o th e r  sp ec ie s  o f  organisms i f  c a re  i s  taken  to determ ine whether or 

no t the  q u a l i t i e s  in  q u e s t io n  are  t r u l y  homologous (Hinde & Tinbergen,

1965).

Since th e  tu rn  of th e  cen tu ry  when McDougall (1905) defined  

Psychology as " . . .  the  p o s i t i v e  s c ie n c e  o f  the  conduct o f  l iv in g  c r e a tu r e s " ,  

th e  bu lk  of p sycho log ica l r e s e a rc h  has involved th e  o b s e rv a t io n  o f  be­

h a v io r .  However, th e re  has been a g radua l  blossoming of the  r e a l i z a t i o n  

th a t  behav io r  i s  in e x t r i c a b ly  r e l a t e d  to  p h y s io lo g ic a l  phenomena. Thus 

th e re  has been a growing tendency to  borrow new re s e a rc h  techn iques  

from th e  p h y s io lo g ic a l  sc ien c es  (Inbau , 1942; L in d s ley ,  1950; Masserman, 

1942; S c o t t ,  1930) w ith  a r e c e n t  emphasis on hormonal measures (Whalen, 

1967).

C r i t i c a l  Periods

The c r i t i c a l  pe r iod  concept was o r i g i n a l l y  th e  p rov ince  of 

embryology but more r e c e n t ly  has been a p p l ie d  to the  o b se rv a t io n  o f  the  

in f lu e n c e  o f  th e  environment on behav io r  (Jaynes, 1957). Beach (1954) 

p o in ts  out th a t  frog  embryo t i s s u e  which o r d in a r i ly  would have become 

an eye lens can be t r a n s p la n te d  a t  a given time to  the  f r o g 's  b e l ly  

where i t  w i l l  make a d r a s t i c a l l y  m isplaced lens .  I f  t h i s  t i s s u e  is
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t r a n s p la n te d  e a r l i e r  however, i t  w i l l  become b e l ly  t i s s u e .  Beach 

con t in u es  by e x p la in in g  t h a t  blood c e l l s  a re  c o n s ta n t ly  being  rep laced  

in  th e  animal bu t  t h e i r  type remains e x a c t ly  th e  same. T here fo re ,  he 

re a s o n s ,  some permanent p sy ch o lo g ica l  f a c to r s  may be g e n e t i c a l ly  

t r a n s m i t t e d  j u s t  as blood c e l l s  a re  and t h e i r  change may a lso  depend 

on c e r t a i n  even ts  happening to  them a t  c r i t i c a l  tim es. The d is c u s s io n  

of c r i t i c a l  p e r io d s  has become o f foremost im portance in  the  b e h a v io ra l  

s c ie n c e s  and has been observed both  in  humans (developmental approach) 

and in  lower animals ( e th o lo g ic a l  approach).

Developmental app roach . Most o f  the th in k in g  p e r ta in in g  to th e  

growth and development o f  the  human i n f a n t  was on ly  p h i lo so p h ic a l  and 

s p e c u la t iv e  in  n a tu re  u n t i l  the  l a t t e r  two decades o f  the  n in e te e n th  

c e n tu ry .  Some o f  the  e a r l y  concep tions  o f  human o n to g e n e tic  develop­

ment in c lu d e :  t h a t  the  c h i ld  is  a sm a ll ,  weak, ig n o ran t  v e r s io n  o f  th e  

a d u l t  and t h a t  m a tu ra t io n  i s  q u a n t i t a t i v e  bu t no t q u a l i t a t i v e  in i t s  

changing; t h a t  th e  male sperm c o n ta in s  th e  homunculus - -  the  m in ia tu re  

bu t com ple te ly  formed a d u l t  - -  t h a t  has only to  acqu ire  l a r g e r  s i z e ,  

s t r e n g t h ,  and knowledge to  reach  m a tu r i ty .  Another view i s  t h a t  the 

c h i ld  i s  conceived  and born in  s i n  and must be su b jec ted  to  p u r i f i c a t i o n  

through h a rsh  and r i g i d  d i s c i p l i n e  in  o rd e r  t h a t  he may reach  moral 

adu lthood; or R ousseau’s p o s tu la te d  "noble  savage" who was thought to  

be born  in h e re n t ly  good and u n sp o ile d  bu t who in v a r ia b ly  becomes co r­

ru p ted  through h i s  i n t e r a c t i o n  w ith  a d u l t s  âîTd s o c ie ty  (Dennis, 1949; 

Watson, 1959). During th e  e a r ly  sev en te en th  cen tu ry ,  Heroard kep t a 

re c o rd  of th e  e a r ly  development o f  th e  young Louis X II I  and i t  is~ ' 

known t h a t  many men kep t reco rds  or d i a r i e s  o f  the  development o f  t h e i r
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own c h i ld re n .  These reco rd s  inc lude  an account pub lished  in  1787 by 

Tiedman o f  h is  s o n 's  development, and P e s ta lo z z i  who, in 1774, kep t a 

d ia ry  o f  h is  so n 's  e a r ly  behav io r  and ed u ca tio n .  We a lso  have Charles 

D arwin 's  d ia ry  o f  h i s  i n f a n t  s o n 's  development in  1840 (Dennis, 1949). 

A f te r  Darwin, Thomas Huxley, and o th e rs  had e x c i te d  the  s c i e n t i f i c  

w orld w ith  the concept of e v o lu t io n ,  th in k in g  was turned toward view ­

ing th e  c h i ld  as a s ta g e  o f  e v o lu t io n ,  l i n k in g  man w ith  th e  lower 

animals (Asimov, 1965). G. S ta n le y  H a ll  developed the  theo ry  th a t  the 

o n to g e n e t ic  development o f  th e  in d iv id u a l  man r e c a p i t u l a t e s  the phy­

lo g e n e t ic  and c u l t u r a l  h i s t o r y  o f  mankind (H a ll ,  1895). This analogy 

p rov ided  the th in k e r s  o f  th e  time w i th  an e x p la n a t io n  fo r  th e  seemingly 

i n t e r n a l  r e g u la t io n  o f  development and fo r  th e  a p p a re n t ly  predeterm ined 

i n e v i t a b i l i t y  o f  i t s  outcome (Ausabel, 1958).

F reud 's  developmental th e o ry . Taken in  terras of organized  

change from b i r t h  (or co n ce p tio n )  to  m a tu r i ty ,  F re u d 's  views must be 

cons idered  from two d im ensions . F i r s t ,  he d esc r ib e d  the s e q u e n t i a l  un­

f o ld in g  of the th r e e  elem ents  of th e  p e r s o n a l i t y .  The i n i t i a l  one o f  

th e s e ,  the  id ,  he considered  to  be in h e r i t e d  and p re s e n t  a t  b i r t h .  He 

d e sc r ib e d  the  id  as a chaos , "a cau ld ron  s e e th in g  w ith  ex c i tem en t" .  He 

f e l t  t h a t  the  id  endows th e  som atic  p ro cesses  w ith  mental ex p ress io n  

and he added " . . .  i t  has no o r g a n iz a t io n  and no u n i f i e d  w i l l ,  on ly  an 

im puls ion  to  o b ta in  s a t i s f a c t i o n  fo r  the  i n s t i n c t u a l  needs in  accordance 

w ith  th e  p le a su re  p r in c i p l e "  (Freud, 1933). However, he con t inued ,  the  

p le a s u r e  p r in c i p l e  is  no t  endu ring ly  adequate  f o r  n e e d - s a t i s f a c t i o n  so 

a secondary p rocess  b e lo n g in g  to  th e  ego i s  developed ou t  of the  id .  He 

b e l ie v e d  th a t  the  ego m ediates  between senso ry  s t im u l i  and motor a c t i v i t y .
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t h a t  i t  has the  ta sk  o f  s e l f  p re s e rv a t io n ,  and t h a t  i t  i s  aware and 

s e l e c t i v e  in  dea l ing  w ith  the  environm ent. "The e g o . . . i s  concerned w ith  

d isc o v e r in g  th e  most fav o rab le  and l e a s t  p e r i lo u s  method o f  o b ta in in g  

s a t i s f a c t i o n ,  tak in g  the  e x te rn a l  world in to  account" (Freud, 1949). 

F in a l ly ,  Freud f e l t  t h a t  the  p a ren ts  and o th e r  i n h i b i t i n g  fo rc e s  from 

th e  environment become in t e r n a l i z e d  to  form the  su p ereg o . The fu n c t io n  

o f  t h i s  element o f  the  p e r s o n a l i ty  i s  the  l im i t in g  of s a t i s f a c t i o n ;  i t  

i s  the "policeman", the  consc ience . "The superego is  th e  s u ccesso r  and 

r e p r e s e n t a t i v e  o f  the  p a re n ts  and edu ca to rs  who su p e r in te n d  the  a c t io n s  

o f  the  in d iv id u a l  in  h is  f i r s t  y e a rs  of l i f e ;  i t  p e rp e tu a te s  t h e i r  fu n c ­

t i o n  almost w ith o u t a change" (Freud, 1939).

I t  is  the second dimension however in  which F re u d 's  developmental 

schema c a s t s  the  im portance of s ta g e s  or c r i t i c a l  p e r io d s .  Freud named 

h i s  four psychosexual s t a g e s :  the  o r a l  s ta g e  which occup ies  about th e  

f i r s t  c a le n d a r  year of l i f e ;  the  an a l  s ta g e  which l a s t s  from about the  

f i r s t  to  the  t h i r d  y e a r s ;  the  p h a l l i c , l a s t i n g  perhaps from th e  t h i r d  

to  the f i f t h  y e a rs ;  and the  g e n i t a l  s ta g e  which l a s t s  from puberty  

through adulthood. Each o f  the s ta g e s  r e p r e s e n t s ,  during  i t s  deve lop­

mental p e r io d ,  the c h i e f  means o f  te n s io n  red u c t io n ;  th e  prim ary source  

o f  g r a t i f i c a t i o n .  E xcess ive  an x ie ty  or f r u s t r a t i o n  experienced  in  th e  

r e s o lu t io n  o f  any o f  th e  s tages  r e s u l t s  in  behav ior  d u r in g  a d u l t  l i f e  

which would have been a p p ro p r ia te  during  the  p a r t i c u l a r  s ta g e  in  which 

th e  f r u s t r a t i o n  o ccu rred .  Such f ix a t io n s  on the  e a r ly  s ta g e s  a r e ,  when 

experienced  in  th e  extrem e, n e u ro t i c .  Thus, though F re u d 's  s ta g e s  a re  

not d iv ided  in to  c l e a r l y  d i s c r e t e  temporal s e p a r a t io n s ,  h i s  th eo ry  

p la c e s  g re a t  emphasis on the  importance o f  the  happening o f  c e r t a i n
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even ts  a t  an id e a l  time and i t  suggests  t h a t  a d is tu rb a n c e  in  the 

t im ing  may have grave consequences.

E r ik so n 's  developmental th e o ry . E rik so n  f e l t  t h a t  a l l  a spec ts

o f  the  in d iv id u a l ,  p h y s io lo g ic a l ,  p s y c h o lo g ic a l ,  and s o c i a l ,  unfo ld

from a predeterm ined e p ig e n e s is .  He d esc r ib e d  e ig h t  p h a s e -s p e c i f ic

p sy ch o lo g ica l  c r i s e s  from which, he s a id ,  th e  ego must emerge w ith  new

and accumulated i d e n t i t i e s .  The e a r ly  s t r u g g le s  w i th  which the in f a n t

ego must cope a r e :  1) b a s ic  t r u s t  v s .  m i s t r u s t  ( th e  O ral-Sensory S tage );

2 )  autonomy v s .  shame and doubt ( th e  Muscular-Anal S tage; 3) i n i t i a t i v e

v s .  g u i l t  ( th e  L ocom otor-gen ita l  S tag e ) ;  and 4 )  in d u s t ry  v s .  i n f e r i o r i t y

( th e  Latency S tag e ) .  E rikson  (1950) a lso  im p lie s  t h a t  a p re sc r ib e d

sequence o f  s ta g e s  must be m aintained:

A l a s t i n g  ego i d e n t i t y ,  we have s a id ,  canno t beg in  to  e x i s t  
w ithou t the  t r u s t  o f  the f i r s t  o r a l  s ta g e ;  i t  cannot be com­
p le te d  w ith o u t  a promise of f u l f i l lm e n t  which from th e  dominant 
image o f  adulthood reaches  down in to  th e  b a b y 's  beginnings and 
which, by the  ta n g ib le  evidence of s o c ia l  h e a l th ,  c r e a te s  a t  
every s te p  an acc ru ing  sense o f  ego s t r e n g t h  [p .  218].

P ia g e t ' s  concept of s t a g e s . P ia g e t  makes a very  complex and 

s h a rp ly  d e l in ia t e d  d e f i n i t i o n  o f  developmental s ta g e s .  As S p itz  (1965) 

pu t i t :

P i a g e t ' s  concept o f  s ta g e s ,  h is  sharp d i v i s i o n  o f  psychic  un­
fo ld in g  in to  d i s t i n c t  ep isodes , f in d s  no co rrespond ing  p a r a l l e l  
in  c l a s s i c  p sy ch o an a ly tic  th eo ry .  While th e  concept o f  l i b i d i ­
nal phases accounts fo r  psychosexual development, th e se  phases 
a re  no t t r u e  s tep s  l i k e  those  envisaged  in  P i a g e t ' s  system [p. 315].

In  o rder to  make h is  e x p lan a t io n  complete, P ia g e t  examined h is  s tages

through many dimensions and avenues which c u t  a c ro ss  them in  complex

p a t t e r n s .  He speaks o f  development in  terms o f  s t r u c t u r e ,  fu n c t io n ,

and co n ten t  and examines " h o r iz o n ta l  and v e r t i c a l  d éca lag es"  (sim ultaneous



7

o ccu rrences  o f  behav ior  on d i f f e r e n t  l e v e l s )  ( F l a v e l l ,  1963). He con­

ce ived  many s e t s  o f  s ta g e s  having  d i f f e r e n t  d e f in in g  elements and occupy­

ing longer o r  s h o r te r  p er iods  o f  d u ra t io n .  For example, he speaks o f  a 

senso rim o to r  phase (from b i r t h  to  th e  end o f  the  second y e a r )  fo llow ed 

by a p reconcep tua l phase ( l a s t i n g  from the 3rd  to  th e  5 th  y e a r )  b u t ,  in  

an o th e r  c o n te x t ,  p laces  the  r e f l e x  o r  h e r e d i ta r y  s t a g e , the  s ta g e  of 

f i r s t  motor h a b i t s , and th e  s ta g e  o f  sensorim otor or p r a c t i c a l  i n t e l l i g e n c e  

a l l  w i th in  th e  p er iod  p r io r  to  th e  development o f  language ( P ia g e t ,  1967). 

In  speak ing  o f  i n t e l l i g e n c e ,  P ia g e t  f e e l s  t h a t  c e r t a i n  developm ental 

s ta g e s  u n fo ld  in  an unchanging, c o n s ta n t ,  o n to g e n e t ic  sequence (F la v e l l ,  

1963). This theo ry  im plies  a n a t u r a l  and o rd in a l  (but no t i n t e r v a l )  

s c a l e  o f  i n t e l l i g e n c e  t h a t  c o n t r a s t s  in  im portan t ways w i th  th e  view of 

a more o r  l e s s  f ixed  IQ (Hunt, 1961).

P i a g e t ' s  d e s c r ip t io n  o f  th e  t r a n s i t i o n  from one s ta g e  to  
an o th e r ,  and indeed from one su b s tag e  to  the  n e x t ,  in c lu d e s  
four main f a c t o r s .  The f i r s t  i s  m a tu ra t io n , th e  in c re a s in g  
d i f f e r e n t i a t i o n  o f  th e  nervous system. The second i s  ex­
p e r ie n c e  w ith  the  p h y s ic a l  w orld .  The t h i r d ,  s o c i a l  t r a n s ­
m iss io n , invo lves  encoun te rs  w i th  o th e r  human b e in g s ,  and 
more s p e c i f i c a l l y ,  e d u ca t io n .  The fo u r th ,  e q u i l i b r a t i o n , o r  
s e l f - r e g u l a t i o n ,  i s  fo r  P ia g e t  th e  fundamental f a c t o r  (Almy,
1966, p. 20).

I t  w i l l  be seen  s h o r t l y  t h a t  th e s e  f a c to r s  p re s e n t  e x c e l l e n t  a n a lo g ie s  

w ith  f in d in g s  and ideas t h a t  have come from e th o lo g ic a l  and com parative 

p sy ch o lo g ica l  s tu d i e s .

The p re s e n t  t re n d  in  th e  s tu d y  of human development i s  toward 

an ever in c re a s in g  s p e c i a l i z a t i o n  and d i v e r s i t y .  C are fu l  experim en ta l 

techn iques  a re  used w ith  v a s t  samples of c h i ld r e n  and s o p h i s t i c a t e d  

s t a t i s t i c a l  and f a c t o r - a n a l y t i c  methods a re  employed in  p ro c e s s in g  the  

o b ta in ed  d a ta .  O bservations a re  r e p o r te d  on such s p e c ia l  b e h a v io ra l
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phenomena as a c t i v i t y ,  motor b e h a v io r ,  p e rc e p t io n ,  s o c i a l  behav io r ,

re sp o n s iv e n e ss ,  v o c a l i z a t io n ,  c o g n i t iv e  p ro c e s s e s ,  e t c .  w ith  many

su b d iv is io n s  of those  to p i c s .  S tevenson (1967) has s a id ;

A review o f the  r e s e a rc h  r e v e a l s  a p ro fu s io n  of d a ta .  U nfor­
tu n a te ly ,  a g r e a t  dea l  o f  t h i s  in fo rm a tion  i s  bound to  be 
l o s t ,  a t  l e a s t  te m p o ra r i ly ,  because  o f  the  la ck  o f  a coherent 
framework in to  which i t  can be a s s im i la te d  [p .  87].

In summary, the  s tu d y  o f  human o n to g e n e t ic  development has moved 

from e a r ly  an ecd o ta l  and p h i lo so p h ic  l i t e r a t u r e  to  ever more c a r e fu l  

and s c i e n t i f i c  o b s e rv a t io n s .  Kessen (1963) has s a id ,  "The o ld  c l a s s i c  

view o f the  h e l p l e s s ,  p a s s iv e  i n f a n t  i s  simply no t  t r u e  — he is  a c t iv e ,  

com petent, and in  r e c i p r o c a l  i n t e r a c t i o n  w ith  th e  environment". The 

p s y ch o an a ly t ic  t h e o r i s t s  as w e ll  as P ia g e t  and Sears  among o th e rs  have 

recogn ized  c h a r a c t e r i s t i c  phases o r  s ta g e s  in  c h i ld  development t h a t  

in c o rp o ra te  the  c h i l d ' s  e s t a b l i s h i n g  prim ary dependency followed by 

th e  a t t a i n i n g  o f  means o f  s e l f  c a r e  and, f i n a l l y ,  h i s  ach iev ing  meaning­

f u l  secondary r e l a t i o n s h i p s  (M aier, 1965). In th e  nex t s e c t io n ,  an 

a t tem p t w i l l  be made to show how th e  concept of c r i t i c a l  s ta g e s  of 

development has been e lu c id a te d  through th e  s tudy  o f  anim als.

Animal Research 

During th e  p a s t  f o r ty  y e a r s ,  t h e r e  has been an overlapp ing  

o f  methods and p ro cesses  used and o f  in fo rm ation  gleaned from s e v e ra l  

d i s c i p l i n e s  whose workers have v a r io u s ly  c a l le d  themselves experim en ta l 

p s y c h o lo g is t s ,  com parative p s y c h o lo g i s t s ,  animal b e h a v i o r i s t s , and /or  

e t h o l o g i s t s .  The D iv is io n  o f  P h y s io lo g ic a l  and Comparative Psychology 

o f  the  American P sy ch o lo g ica l  A s s o c ia t io n  a t  a m eeting in  D e t ro i t  In  

1947 decided to  merge w i th  the  D iv is io n  o f  Experim ental Psychology,
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a la rg e r  d iv i s io n .  According to S c o t t  (1967), the r e s u l t  o f  th i s  

merger was th a t  " . . .c o m p a ra t iv e  psychology sank w ithou t a t r a c e  

as f a r  as i t s  formal e x is te n c e  was concerned, and i t  did no t emerge 

again u n t i l  1963, when D iv is io n  6 was formed anew" [ p . 65]. Thus, an 

e ra  in  which one o f  the key Darwinian concepts  - -  th e  e v o lu t io n  o f  i n ­

t e l l i g e n c e  - -  had reached i t s  time o f  experim en ta l f r u i t i o n  (Warden, 

Jenk ins ,  & Warner, 1935 - 40) had come to  an end. S c o t t  (1967) adds:

I r o n ic a l ly  enough, the  time o f  submergence of the  D iv is io n  
o f  P h y s io lo g ic a l  and Comparative Psychology was a l s o  the  time 
o f  a g re a t  resu rgence  o f  i n t e r e s t  under th e  names o f  "animal 
behav io r"  and "e tho logy" .  This new wave has no t  y e t  reached 
i t s  f u l l  h e ig h t ,  nor i s  i t  l i k e l y  t h a t  i t  w i l l  ebb as suddenly 
as did th a t  o f  the  o ld  com parative psychology. I t  i s  much more 
b road ly  based and th e  f a c t s  which remain to  be d iscovered  are  
almost innumerable [p. 65].

S c o t t  (1958, 1962a) has d esc r ib e d  s ta g e s  in  th e  growth of animals 

th a t  a re  s im i la r  to  the  c r i t i c a l  pe r io d s  d iscussed  e a r l i e r  in  the  s e c t io n  

on developmental psychology. His p a r t i c u l a r  c r i t i c a l  p e r io d  d iv is io n s  

a re  q u i t e  rem in iscen t  o f  th o se  o f  P ia g e t .  S c o t t ' s  p e r io d s  a re :  the  

n e o n a ta l , in  which the  process  o f  n u rs in g  i s  e s ta b l i s h e d ;  a t r a n s i t i o n  

pe r iod  in  which senso ry  and motor c a p a c i t i e s  a re  developed; and a p e r io d  

o f  s o c i a l i z a t i o n . These a re  followed by a ju v e n i le  p e r io d  during which 

p h y s ica l  s k i l l s  and growing independence from p a ren ts  a re  developed, a 

p u b e r ta l  period  u sh e r in g  in  the  development o f  sexua l r e l a t i o n s h i p s ,  and, 

f i n a l l y ,  a p a r e n ta l  p e r io d  in  which th e re  develops a r e l a t i o n s h i p  w ith  

o f f s p r in g .  The s p e c i f i c  d u ra t io n s  o f  th e se  s tag es  have been observed 

and recorded  in  puppies (S c o t t ,  F re d e r ic so n ,  & F u l l e r ,  1951), in  mice 

(Williams & S c o t t ,  1953), and in  lambs (S c o t t ,  1945; and S c o t t  &

Marston, 1950). W rit ing  o f  the  f in d in g s  o f  S c o tt  & Marston (1950) and 

o th e rs ,  P a t te r s o n  (1965) says :
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They [S c o t t  & Marston] p o in t  ou t  t h a t  the  lamb i s  born  w ith  
ad u l t  motor and sensory c a p a c i t i e s ,  i . e . ,  the  usual acqu i­
s i t i o n s  o f  the  t r a n s i t i o n  p e r io d .  This means th a t  the  
s o c i a l i z a t i o n  period  is  a l re a d y  underway a t  b i r t h ,  and i t  
may be sp ecu la ted  t h a t  any experim en ta l  in te r f e r e n c e  i n t r o ­
duced w i l l  have dram atic and alm ost immediately observab le  
e f f e c t s  [pp. 5 -6 ] .

Many s tu d ie s  support the co n c lu s io n  th a t  adequate s o c ia l  adjustm ent (and 

u l t im a te ly  the  s u r v iv a l )  of sheep and goats  is  dependent on c e r t a i n  kinds 

o f  s t im u la t io n  o f  the  animals du ring  the  t r a n s i t i o n  p e r io d  (B la u v e l t ,

1955; C o l l i a s ,  1956; L id d e l l ,  1955; and Moore & Moore, 1960). S ch n e ir la  

(1965) has observed th a t  th e re  i s  a s ta g e  during the  l a t e  embryonic and 

e a r ly  n eo n a ta l  pe r iods  during  which sensory  in te g r a t io n  and feedback e f ­

f e c t s  come under the  c o n t ro l  o f  e x te rn a l  s t im u l i  and th a t  th i s  p rocess  

in f lu en ces  the  o rgan ism 's  e a r ly  p o t e n t i a l  fo r  c o n t ig u i ty - ty p e  c o n d i t io n in g .

E thology. Ethology i s  a s p e c ia l  d i s c ip l in e  having as i t s  c e n t r a l  

process th e  observ ing  and rec o rd in g  o f  th e  c o n s is te n t  behav io r  o f  v a r io u s  

spec ies  o f  an im als . U n t i l  th e  1950s, most e th o lo g ic a l  work was being 

done by European z o o lo g is t s .  Acceptance of the  d i s c i p l in e  was slow in  

the  United S ta te s  because the  e a r l y  e th o lo g i s t s  seemed to  be re v iv in g  

the lo c a l ly  unpopular idea  t h a t  th e re  may be a g en e t ic  t r a n sm is s io n  o f  

behav io ra l c h a r a c t e r i s t i c s .  A lso, experim ental p sy ch o lo g is ts  and o th e rs  

were probably  rank led  by T in b e rg en 's  (1951) d e f in i t i o n  o f  e tho logy  as 

" . . . t h e  o b je c t iv e  study  o f  b e h a v io r" .  His d e f in i t i o n  seemed to  imply 

th a t  o the r  methods of s tudy ing  behav io r  had no t been o b je c t iv e .  This 

no tion  (however in c o r r e c t )  was p a r t i c u l a r l y  o f fen s iv e  to  experim enta l 

p sy c h o lo g is ts .  However, in  s p i t e  of i t s  d i f f i c u l t  in t ro d u c t io n  to t h i s  

country , e tho logy  seems g ra d u a l ly  to have gained ground and i t s  l i t e r a t u r e  

now f lo u r i s h e s  he re  as w ell as in  Europe.
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Hess (1962) has g iven  an e x c e l l e n t  d e s c r ip t io n  of th e  r e c e n t  

work and th in k in g  of the  e t h o l o g i s t s :

The major premise o f  e tho logy  is  th a t  thé  s tudy o f  animal 
behav io r  must beg in  by o b ta in in g  as complete a knowledge as 
p o s s ib le  o f  the  beh av io r  o f  the  sp ec ie s  in  q u es t io n  during  th e  
e n t i r e  l i f e  c y c le .  A c o l l e c t i o n  o f  such o b se rv a tio n s  on one 
s p e c ie s  is  c a l l e d  an ethogram. I t  simply d e sc r ib e s  what an 
animal does , no t  why i t  does i t .  This goes beyond th e  u su a l  
n a t u r a l i s t i c  approach, s in c e  the  v a r io u s  behav io rs  a re  then 
c l a s s i f i e d  and compared w ith  those  o f  many o th e r  s p e c ie s ,  p a r ­
t i c u l a r l y  r e l a t e d  ones . The e th o lo g i s t s  cons ide r  i t  v e ry  im­
p o r ta n t  t h a t  the  anim als be observed in  surroundings t h a t  
c lo s e ly  approach t h e i r  n a t u r a l  h a b i t a t s .  I t  i s  p r e f e r a b l e ,  i f  
p o s s ib le ,  to  s tudy  them in  the  w ild  r a th e r  than  in  c a p t i v i t y ,  
because in  c a p t i v i t y  i t  i s  more d i f f i c u l t  to  keep the animals 
i n  a s t a t e  o f  optimum h e a l th  and, when they  a re  not in  a s t a t e  
o f  optimum h e a l th ,  some a sp e c ts  o f  behav io r  may not be mani­
f e s t e d  [pp. 159-160].

F u r th e r ,  e th o lo g i s t s  seek to  u nders tand  four im portan t e lem ents  o f  a 

s p e c i f i c  an im a l 's  b eh a v io r :  1) i t s  p robab le  e v o lu t io n ,  2) i t s  o n to ­

g e n e t ic  development, 3 )  th e  s u r v iv a l  va lue  i t  p rovides  and 4 )  i t s  

p h y s io lo g ic a l  b a se s .

Among th e  s p e c ia l  e th o lo g ic a l  concepts i s  th e  f ix ed  a c t io n  

p a t t e r n  (FAP). The FAP may be d e f in e d  as a sequence o f  c o o rd in a ted  

motor a c t io n s  t h a t  appear w ith o u t  th e  an im al 's  having to  l e a r n  i t  by 

the  u s u a l  le a rn in g  p ro cess  and which th e  animal can perform w ith o u t  

p rev ious  e x e rc is e  and w i th o u t  having seen  ano ther  sp ec ie s  member do i t .  

In  th e  FAP, th e  sequence o f  motor elem ents never v a r i e s .  Another 

e th o lo g ic a l  concep t,  th e  in n a te  r e l e a s in g  mechanism (IRM) r e f e r s  to  

a s in g le  s t im u lus  which i s  always followed by th e  same c h a r a c t e r i s t i c  

b eh av io r .  The term " i n s t i n c t "  has f a l l e n  in to  bad re p u te  w i th  e th o ­

l o g i s t s .  An im portan t reason  fo r  c u r r e n t  avoidance of th e  term i s  t h a t  

many ac t io n s  fo rm erly  taken  fo r  gran ted  as being  i n s t i n c t s  have now 

been shown to be lea rned  a c t io n s .  In  S c h n e i r l a ' s  (1966) words:
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There is  no concept o f  i n s t i n c t .  Behavior i s  g e n e t ic a l ly  
programmed and then  m odified by environm enta l fo rce s  - t h a t  
i s  a l l . So we should fo rg e t  th e  terms i n s t i n c t i v e  and 
l e a r n e d . A ll behav io r  f a l l s  on a continuum between the 
two [p .  287].

The concept o f  im p rin tin g  is  so im portan t to th e  p re se n t  s tudy  and to  

e tho logy  in  g en e ra l  t h a t  i t  w i l l  be d iscussed  a lone in the fo llow ing  

s e c t io n

Im p r in t in g . This term r e f e r s  to  a r e l a t i v e l y  sudden change in  

th e  behav io r  o f  th e  young animal i n  which a s in g le  IRM is  s e le c te d  from 

a la rg e  range of p o t e n t i a l  IRMs and the  s e le c te d  one is  s treng thened  

so th a t  only i t  (from th e  whole p o t e n t i a l  range) is  the one to  which 

th e  animal responds (Hess, 1962, p. 187). For example, very  young ducks 

w i l l  fo llow  alm ost any moving o b je c t  or animal re g a rd le s s  o f  i t s  shape 

or s i z e .  The exposure to  the  moving o b je c t  must occur during a c r i t i c a l  

pe r io d  bu t th e  e f f e c t s  o f  th i s  exposure a re  enduring  and have profound 

in f lu e n c e s  on th e  l a t e r  sexua l and s o c i a l i z i n g  behav ior  of th e  organism. 

Though e a r l i e r  workers had observed the  phenomenon, Lorenz was the  f i r s t  

to  name i t  " im p r in t in g "  and th e  f i r s t  to  p o in t  out t h a t  i t  occurs  during 

a c r i t i c a l  p e r io d  in  the  e a r ly  l i f e  o f  the  animal (Hess, 1959a, p. 133). 

Though mainly observed in  b i r d s ,  im p r in t in g  has a lso  been seen  to  occur 

in  i n s e c t s ,  f i s h ,  ro d e n ts ,  sheep, dee r ,  and b u f f a lo .  By means o f  c a r e ­

f u l l y  c o n t ro l le d  experim ents ,  Hess showed th a t  duck lings  l e a r n  to  fo llow  

a decoy much f a s t e r  and b e t t e r  a t  13 to  16 hours o f  age th a t  a t  any 

o th e r  tim e. S o c ia l  f a c i l i t a t i o n  can prolong th e  time during which 

im p r in t in g  i s  p o s s ib le  b u t  d i s s i p a t i o n  o f  th e  e f f e c t  i s  very  ra p id  as 

age in c re a se s  beyond th e  c r i t i c a l  p e r io d .  In h i s  s tu d i e s ,  Hess found 

the  a u d i to ry  and c o lo r  cues s im u la t in g  the  c a l l  and co lor  of the a d u l t
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o f  the  sp ec ie s  w i l l  f a c i l i t a t e  th e  fo llo w in g -re sp o n se  b u t  changes in  

s i z e  and shape of the  decoy have l i t t l e  e f f e c t .

I t  i s  im portan t to  th e  p r in c i p l e s  o f  the p re s e n t  s tudy  th a t  

Hess (1959b) observed th a t  th e  c r i t i c a l  im pr in tin g  p e r io d  te rm in a tes  

a t  th e  same time t h a t  the  animal becomes ab le  to  ex p er ien ce  f e a r .  S co tt  

(1962b) a l s o  found th a t  the  c r i t i c a l  per iod  i s  te rm in a ted  by th e  onse t 

o f  f e a r  re sp o n ses .  These f in d in g s  w i l l  be d iscussed  in  connec tion  w ith  

o th e r  m a te r ia l  l a t e r  in  th i s  c h a p te r .  Though a c r i t i c a l  p e r io d  fo r  

im prin ting  has been observed ac ro s s  many s p e c ie s ,  th e  op tim al per iod  

v a r i e s  between kinds of an im als .  Hess (1959, p. 140) found the  e f f e c t  

working b e s t  a t  about 24 hours o f  l i f e  in  guinea p ig s ,  Ginsburg (1965) 

found th a t  wolves adapt to  humans b e t t e r  a t  le s s  than  th r e e  weeks of 

age than a t  o the r  ages, and H ersher ,  Richmond, & Moore (1965) observed, 

in  sheep and g o a ts ,  t h a t  a m other-neonate  bond i s  formed w i th in  a few 

hours a f t e r  the  i n f a n t ' s  b i r t h  and th a t  th e  mother t h e r e a f t e r  r e j e c t s  

any s tran g e  in f a n t .

In summary, o b s e rv a t io n  and re s e a rc h  w ith  anim als has shown 

t h a t  c r i t i c a l  p er iods  p lay  an e s s e n t i a l  p a r t  in  o n to g e n e t ic  develop­

ment. Lambs, u n l ik e  humans and many o th e r  anim als , a r e  born  w ith  

motor and sensory  c a p a c i t i e s  a l re a d y  o p e ra t in g .  Thus, v e ry  e a r ly  

s o c i a l i z a t i o n  can be a v a i la b l e  and im portan t to  them developm entally . 

The e th o lo g ic a l  concept im p r in t in g  is  d ra m a t ic a l ly  dependent on a 

c r i t i c a l  p e r io d .  Observers have re p o r te d  th a t  th e  c r i t i c a l  p e r io d  fo r  

im prin ting  ends when the  a n im a l 's  a b i l i t y  to  experience  f e a r  b eg in s .
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V isual Depth Percep tion  

I t  is  obviously  im portan t to  any animal t h a t  moves about th a t  

i t  no t only be ab le  to  d e te c t  bo th  needed and dangerous o b je c ts  bu t 

th a t  i t  a lso  unders tand  the d is ta n c e  of those  o b je c ts  from i t s e l f .

Some animals such as b a t s ,  whales and a few o th e rs  can ap p a re n tly  d e t e r ­

mine r e l a t i v e  lo c a t io n  and d is ta n c e  of o b je c ts  by means of r e f l e c t e d  

sound waves (Tinbergen, 1965, pp. 107-125). Animals such as lim pets  

and m ig ra t in g  b i rd s  and f i s h e s  can a r r iv e  a t  a p p a re n t ly  predeterm ined 

lo c a t io n s  by means t h a t ,  a t  t h i s  time, a re  no t c l e a r l y  understood . How­

ever ,  n e a r ly  a l l  animals th a t  have w ell developed eyes ap p a re n tly  p e r ­

ce ive  and judge depth  from v i s u a l  cues. These cues may inc lude  the  

an im a l 's  p e rce p tio n  o f  the  r e l a t i v e  s iz e  o f  the  o b je c t ,  the  perce ived  

t e x tu r a l  d e t a i l  o f  i t ,  o r  cues coming from the  b in o c u la r  p a r a l la x  ad­

justm ents  in  the eyes them selves .  Perhaps th e  animal may p e rc e iv e  depth 

through a combination o f  th e se  and o the r  cues , bu t  i t  i s  the  v i s u a l  

sense t h a t  a llow s most h ig h e r  animals to  make judgements of d is ta n c e  

w ith  enough accuracy to  se rv e  th e  purpose of avoid ing  danger, g e t t i n g  

food, n a v ig a t in g ,  e t c .

L ash ley  & R ussel (1934) rea red  r a t s  in darkness  fo r  100 days 

and observed t h e i r  a b i l i t y  to  jump various  d is ta n c e s  between two p l a t ­

forms as compared w ith  th e  same a b i l i t y  in  norm ally  r e a re d  r a t s .  They 

conclude

th a t  the v is u a l  p e rc e p t io n  o f  d is ta n c e  and g ra d a t io n  o f  
fo rc e  in  jumping to  compensate for d is ta n c e  a re  n o t  ac ­
q u ired  by le a rn in g ,  bu t a re  the  produce o f  some in n a te ly  
o rgan ized  n e u ra l  mechanism [p . 143].

This experiment has been c r i t i c i z e d  on th e  grounds t h a t  the  d a rk - re a re d
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r a t s  saw some l i g h t  w h ile  being  fed , t h a t  motor s k i l l s  (jumping) were 

involved  and might be confounding, and t h a t  p r a c t i c e  t r i a l s  were s u f ­

f i c i e n t  to  allow th e  r a t s  to acq u ire  le a rn e d  s k i l l  in  depth  p e rc e p t io n  

(Greenhut & Young, 1953; Munn, 1955). The case fo r  th e  in n a te  develop­

ment o f  depth p e rc e p t io n  was s tren g th en ed  by a s tudy  in  which d a rk - re a re d  

ch icks jumped from a r a i s e d  p la tfo rm  to  about the  same h e ig h t  and a t  

about th e  same frequency as l i g h t - r e a r e d  ch icks (Kurke, 1955). However, 

as p a r t  o f  th i s  same s tu d y ,  Kurke found th a t  o ld e r  (10 day o ld )  chicks 

would jump from a h ig h e r  p la t fo rm  when norm ally  r e a r e d  than  when rea red  

in  darkness .  From t h i s  o b s e rv a t io n  he concluded:

. . . t h e  fu r th e r  development o f  depth  d esc r im in a t io n  a p p a re n t ly  
depends in  some manner on th e  i n t e g r a t i o n  o f  e x p e r i e n t i a l l y  
determined k i n e s t h e t i c  cues [p. 196].

Fantz  (1958) found t h a t  ch ick s  born in  t o t a l  darkness  w i l l ,  on t h e i r  

f i r s t  exposure to  l i g h t ,  peck a t  a th re e -d im e n s io n a l  o b je c t  s i g n i f i ­

c a n t ly  more o f te n  than  a t  a p lane  s u r fa c e  w ith  th e  same o u t l i n e s .  Thus 

i t  appears  t h a t  the  n a iv e  ch icks  d is c r im in a te  and show a p re fe re n c e  

f o r  o b je c ts  having th e  t h i r d  dimension.

These s tu d ie s  su g g e s t in g  t h a t  dep th  p e rc e p t io n  i s  in n a te ly  ac ­

qu ired  seem in c o n s i s t e n t  w i th  th e  e a r l i e r  s tu d ie s  o f  Senden ( t r a n s l a t e d ,  

1960). Senden, o b se rv in g  humans im m ediately  fo l lo w in g  su rg e ry  to  remove 

c o n g e n i ta l  c a t a r a c t s ,  found t h a t  h i s  s u b je c t s  were unab le  to  t r a n s l a t e  

v i s u a l  cues in to  meaning in  th e  same way as persons who have been norm ally  

s ig h te d  s ince  b i r t h .  Senden concluded t h a t  v i s u a l  p e rc e p t io n  in  humans 

must, i n  p a r t ,  be acq u ired  through l e a rn in g .  This ap p a re n t  c o n f l i c t  in  

r e s u l t s  from human and anim al s tu d ie s  p robab ly  a r i s e s  from assuming 

g e n e r a l iz a t io n s  t h a t  a re  too broad. I t  may be t h a t  d i f f e r e n t  animals
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develop depth  p e rc e p t io n  in  d i f f e r e n t  ways. I t  i s  po in ted  ou t by 

L i t t l e  (1 966 )r

This c a p a c i ty  (depth  p e rc e p t io n  in  c h ic k s )  has obvious s u rv iv a l  
v a lu e ;  th e  ch ick  being a p r e c o c ia l  b i r d ,  one whose young a t  b i r t h  
a r e  covered w ith  down and a re  ab le  to  run  about,  i t  must provide 
fo r  i t s  food from th e  beg inn ing  and th e re f o r e  must be endowed from 
b i r t h  w i th  an in n a te ,  un learned  a b i l i t y  to  p e rc e iv e  the  food ob­
j e c t .  . . .S ince  man is  born  h e l p l e s s ,  immature, and r e q u i r e s  e a r ly  
c a r e ,  such v i s u a l  d i s c r im in a t io n  is  unnecessary  in  the e a r l y  
p e r io d s  [p . 2 2 J .

Another p o s s ib le  r e s o lu t io n  fo r  the  " in n a te  p e rc e p t io n  vs . le a rn ed  p e r ­

c e p t io n "  c o n tro v e rsy  is  made by Gibson (1963) by ta k in g  credence from 

th e  Senden s tu d y ;

The c l a s s i c  techn ique  fo r  in v e s t ig a t io n  has always been the  
s tudy  of the  e f f e c t s  o f  d e p r iv a t io n  o f  some norm ally  p re s e n t  
env ironm enta l c o n t r ib u t io n ,  such as s t im u la t io n  by p a t te rn e d  
l i g h t .  The 'bo rn  b l i n d '  p a t i e n t s  c o r re c te d  (or somewhat c o r ­
r e c t e d )  by su rg e ry  a re  th e  most d ram atic  c a s e s .  The cases  sum­
m arized by von S enden .. . shed no more l i g h t  ( s in c e  t r a n s l a t e d )  
than th ey  ever d id ,  s in c e  a l l  th e  confounding e f f e c t s  o f  ~
nystagmus, em otional u p s e t ,  in t e r f e r e n c e  from o ld  h a b i t s ,  and 
u n r e l i a b l e  t e s t i n g  procedures  a re  s t i l l  i n e v i t a b l y  p re s e n t  in  
th e  r e p o r t s  [p . 5].

However, by s tu d y in g  d a rk - re a re d  and b l in d fo ld e d  in f a n t  chimpanzees,

R iesen  (1950) a r r iv e d  a t  e s s e n t i a l l y  th e  same co n c lu s io n s  as did Senden.

Some responses  t h a t  bear  a c lo se  resem blance to  r e f l e x  b eh av io r ,  
such as b l in k in g  a t  something r a p id ly  approaching  the f a c e ,  be ­
come au tom atic  on ly  a f t e r  c o n s id e ra b le  p r a c t i c e .  V isual p u r s u i t  
o f  moving o b j e c t s ,  th e  c o o rd in a t io n  o f  the  two eyes and convergent 
f i x a t i o n ,  and th e  f i r s t  r e c o g n i t io n  o f  o b je c ts  come only  a f t e r  
many hours o r  weeks o f  ex p e r ien ce  in  use  o f  the  eyes .  . . . t h e  
postponement o f  l i g h t  exposure fo r  too long can r e s u l t  i n  making 
th e  development of normal v i s u a l  mechanisms ex trem ely  d i f f i c u l t  
i f  n o t  im poss ib le  [p . 19].

A f te r  many years  o f  s tudy  (and many p u b l i c a t i o n s ) ,  Fantz (1961) 

concluded;

. . . r e s u l t s  to  d a te  do r e q u i r e  th e  r e j e c t i o n  o f  th e  view t h a t  the 
newborn in f a n t  or animal must s t a r t  from s c r a tc h  to  l e a r n  to  see 
and to  o rg a n iz e  p a t te rn e d  s t im u la t io n .  Lowly ch icks as w e ll  as



17

l o f t y  p rim ates  p e rc e iv e  and respond to  form w ith o u t experience  i f  
g iven  th e  o p p o r tu n i ty  a t  th e  a p p ro p r ia te  s ta g e  of development [p 4 2 ] .

Thus Fantz has im plied  no t only t h a t  v i s u a l  p e rc e p t io n  i s  in n a te ly  ac ­

q u ired  b u t  th a t  developmental s ta g e s  a re  c r u c i a l l y  involved in  i t s  growth. 

S p i tz  (1965, p. 59) agreed w ith  the  f ind ings  o f  Fantz b u t ,  in  ex p la in in g  

th e  f in d in g s ,  took a "middle of the  road" view o f  th e  " in n a te  v s .  learned  

p e rc e p t io n "  argument. S p i tz ,  fo r  example, was convinced th a t  the  human 

In f a n t  i s  n e u ro lo g ic a l ly  and p h y s io lo g ic a l ly  capab le  o f  see in g  very  

s h o r t l y  a f t e r  b i r t h .  However, S p i tz  f e l t  t h a t  th e  in f a n t  must acqu ire  

th e  a p p e rc ep t iv e  fu n c t io n  over time and "through experiences  provided in  

the  course  o f  a f f e c t i v e  exchanges w ith  ano ther  person  in  th e  s e t t i n g  o f  

o b je c t  r e l a t i o n s " .  According to  S p i tz ,  i t  i s  the  o r a l - t a c t i l e  sense 

t h a t  i s  most im portan t a t  f i r s t .  The human i n f a n t ,  he f e l t ,  f i r s t  senses 

t a s t e ,  touch , tem pera tu re ,  -sm e ll ,  and pa in  through the  o r a l  r e c e p to rs  

as  i t  n u rse s  a t  the b r e a s t ,  " f e e l in g  th e  n ip p le  in  the  mouth w h ile  a t  

the  same time see in g  th e  m o th e r 's  fa c e " .  Thus, he s a id ,  th e  c o n tac t  

( o r a l )  sense  i s  blended w ith  the  d is ta n c e  ( s e e in g )  sense .

The s h i f t  to  d i s t a n c e  p e rc e p t io n  does no t supersede and 
even l e s s  a b o l i s h  th e  r o l e  o f  c o n ta c t  p e rc e p t io n ,  i t  on ly  n a r ­
rows i t  down. The a d d i t io n  o f  d is ta n c e  p e rc e p t io n  en r ich es  th e  
spectrum  o f  p e rc e p tu a l  s e c to r s ;  i t  f a c i l i t a t e s  o r i e n t a t i o n  and 
m astery ; i t  expands th e  autonomous fu n c t io n s  o f  th e  ego; and 
e v e n tu a l ly  c o n t r ib u te s  im p o r tan t ly  to  th e  primacy o f  the  r e a l i t y  
p r in c i p l e  (S p i tz ,  1965, p. 68).

A f te r  Maturna (1960) had been  a b le  to  i d e n t i f y  s p e c i f i c  r e c e p to r s  in

the  f rog  r e t i n a  in  which he  could f in d  a r e a - s p e c i f i c  s e n s i t i v i t y  to  form

and to  l i g h t  i n t e n s i t y ,  S a c k e t t  (1963) made some f u r th e r  g e n e r a l i z a t io n s .

S ack e t t  p o s tu la te d  th a t  c e r t a i n  i n s t i n c t u a l  b ehav io rs  a re  t r ig g e re d  by

the e x c i t a t i o n  of a p p ro p r ia te  r e t i n a l  elements ( L i t t l e ,  1966, p. 25).

Using e th o lo g ic a l  term s, S a c k e t t  s a id :
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I t  is  hypothesized  th a t  t h i s  mechanism i s  r e s p o n s ib le  fo r  the  
o n se t  of the  im prin ting  c r i t i c a l  p e r io d ,  inborn  p r e f e r e n t i a l  
cho ice  responses ,  in n a te  o b je c t  r e c o g n i t io n ,  and the  s t im u lu s -  
s p e c i f i c  r e l e a s in g  fu n c t io n  involved in  f ix e d  a c t io n  p a t te r n s  
(S a c k e t t ,  1963, p. 40 ) .

In summary, th e  development o f  depth  p e rc e p t io n  seems to  be 

r e l a t e d  to  the  n a tu re -n u r tu re  problem and to  converge on agreement in  

th a t  v i s u a l  p e rc e p t io n  may be in n a te ly  determ ined bu t  develops w ith  

p r a c t i c e .  Many of the  s tu d ie s  imply t h a t  v i s u a l  depth p e rc e p t io n  nor­

m ally develops along a sequence of s ta g e s  t h a t  come in to  be ing  a t  

c r i t i c a l  times in  the  l i f e  o f  th e  organism.

Locomotion and v i s i o n . A v i s u a l  c l i f f  i s  an experim en ta l ap­

p a ra tu s  which h as ,  as i t s  e s s e n t i a l  e lem en ts ,  a h o r iz o n ta l  g la s s  p la te  

covering , in  p a r t ,  a s o l id  p la tfo rm  and, in  p a r t ,  a deep space to  a 

s o l i d  su r fa c e  f a r  below. A f te r  p la c in g  bo th  d a rk - re a re d  and l i g h t -  

re a re d  r a t s  on the g la s s  p l a t e  o f  the  v i s u a l  c l i f f  and observ ing  th e i r  

b eh av io r ,  Gibson and Walk (1960) concluded;

(We) v en tu re  the r a th e r  broad co n c lu s io n  th a t  a see ing  animal 
w i l l  be a b le  to d is c r im in a te  depth when i t s  locomotion is  ade­
q u a te ,  even when i t s  locomotion beg ins  a t  b i r t h  [p . 71].

F ee l in g  th a t  Gibson and Walk had b u i l t  a f a u l t  in to  t h e i r  experiment by

a llow ing  the d a rk - re a re d  r a t s  a 20 minute l i g h t - a d a p t a t i o n - p e r io d  p r io r

to  t e s t i n g ,  Nealy and Edwards (1960) r e p e a te d  th e  Gibson and Walk study

b u t  they  placed the d a rk - re a re d  r a t s  fo r  20 minutes in  a " d e te n t io n

box" which was c o n tr iv ed  to  perm it l i g h t  a d a p ta t io n  w ith o u t  p a t t e r n

v i s io n .  Nealy and Edwards a l s o  t e s t e d  enunc lea ted  (b l in d e d )  r a t s  on

the  v i s u a l  c l i f f  to determ ine whether they  would respond (choose the

shallow  s id e  o f  the g la s s )  on o th e r  than v i s u a l  b ases .  The enunclea ted

r a t s  showed no r e l i a b l e  p re fe re n c e  o f  p o s i t i o n  in  the  v i s u a l  c l i f f  and
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th e  rem ainder o f  N ea ly 's  and Edwards' s tudy  suggested  the  same con­

c lu s io n s  as th o se  o f  Gibson and Walk.

E p s te in  (1964), c i t i n g  the cases  reviewed by Senden (1943), 

no ted  th a t  most o f  them i n d i c a t e  i n a b i l i t y  in  th e  newly opera ted  humans 

to  d i s t i n g u i s h  between s o l id  ( th r e e  d im ension) and p lane  o b je c t s .  Ep­

s t e i n  f u r th e r  c i t e s  Senden in  showing th a t  th e  new ly-see ing  may reach  

fo r  an o b je c t  which i s  s e v e ra l  yards away o r  they  may overreach  an ob­

j e c t  th a t  i s  on ly  1 fo o t  from th e  eye.

However, he does re a c h  out in to  space  and does n o t  l o c a l i z e  
the  o b je c t  a t  th e  p lane  of the  eye (E p s te in ,  1964, p. 122).

Thus Senden is  t e l l i n g  us th a t  some a sp e c ts  o f  depth can be p e rc e iv e d ,

however p r im i t i v e ly ,  by th e  new ly -see ing  b u t  o th e rs  such as s o l i d i t y

canno t.  From r e p o r t s  of c a t a r a c t  removal and subsequent v i s u a l  t e s t i n g

w ith  two c h i ld r e n  in  R uss ia ,  London (1960) w ro te  t h a t

the  c h i ld r e n  were unab le  by v i s io n  a lo n e  to  de term ine d is ta n c e  
o r ,  more e x a c t ly ,  th e  d is ta n c e  o f  the  n e a r e s t  o b j e c t s .  When 
w alk ing , they  c o l l id e d  w ith  th e s e  o b je c ts  (London, 1960, p.
479).

Fan tz  (1961b) re p o r te d  f in d in g  th a t  i n f a n t s  under 3 months of age d id  

n o t  give p r e f e r e n t i a l  responses  to  s o l i d  and p lane  f ig u r e s  when they 

were allowed to  use both eyes b u t  d id  show a p re fe re n c e  fo r  te x tu r e d  

(as  opposed to smooth) o b je c t s  when se e in g  w ith  only  one eye. He then 

concluded

th a t  th e  use  o f  bo th  eyes i n t e r f e r e s  w i th  v i s io n  in  the  e a r l y  
months b e fo re  the  development of good b in o c u la r  c o o rd in a t io n ,  
w hile  b in o c u la r  v i s io n  does improve v i s u a l  performance l a t e r  
on [pp. 29-30].

P a t t e r s o n  (1965) dem onstrated  th a t  th e  age a t  which v i s u a l  dep th  p e r ­

c e p t io n  (as  determ ined by the  v i s u a l  c l i f f )  develops i n  lambs i s  r e l a t e d
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n o t  to  t h e i r  a b i l i t y  to  walk b u t  to  th e  presence  o r  absence o f  a n u r ­

tu r in g  mother during th e  lam b's f i r s t  few hours o f  l i f e .  L i t t l e  (1966) 

showed f u r th e r  th a t  th e  age a t  which v i s u a l  depth  p e rc e p t io n  develops 

in  lambs is  fu n c t io n a l ly  r e l a t e d  to  th e  degree o f  mothering experienced  

by the  lamb.

Gibson and Walk have made the s ta tem en t th a t

A ll  our o b se rv a t io n s  were in  agreement w ith  what i s  known about 
the  l i f e  h i s to r y  and e c o lo g ic a l  n iche  o f  each o f  th e  animals 
t e s t e d .  The s u rv iv a l  o f  a sp ec ie s  r e q u i r e s  t h a t  i t s  in d iv id u a ls  
develop d i s c r im in a t io n  o f  depth by the  time they  can take up i n ­
dependent locomotion, whether a t  one day ( th e  ch ick  and g o a t ) ,  
th r e e  to four weeks ( th e  c a t  and the  r a t ) ,  o r  a t  6 to  10 months 
( th e  human i n f a n t ) .  That such a v i t a l  c a p a c i ty  i s  no t  dependent 
on le a rn in g  by p o s s ib ly  f a t a l  a c c id e n ts  in  th e  l i v e s  o f  in d iv id u a ls  
i s ,  o f  co u rse ,  e n t i r e l y  c o n s i s t e n t  w ith  e v o lu t io n a ry  th eo ry  (Gibson 
and Walk, 1961, p. 55).

T h e ir  use  o f  the phrase  "independent locomotion" perhaps p la ces  t h e i r  

s ta te m e n t  in  b e t t e r  agreement w ith  th e  a v a i l a b l e  d a ta  bu t  the exac t 

meaning o f  th e  s ta tem en t in  terms o f  developm ental time i s  s t i l l  ob­

s c u re .  For example, b o th  P a t t e r s o n  and L i t t l e  observed th a t  lambs-&an- 

w alk w i th in  a few minutes a f t e r  b i r t h  bu t do no t ap p a re n t ly  acq u ire  

v i s u a l  depth p e rc e p t io n  u n t i l  some hours a f t e r  b i r t h .  At what p o in t  the  

lambs a re  capab le  o f  " independen t locomotion" however cannot be d e t e r ­

mined because th e  term has no t y e t  been o p e r a t io n a l ly  de f ined .  The 

experim en ters  a re  a p p a re n t ly  aware o f  the  lack  o f  c lo su re  as they 

have s t a t e d

From our f i r s t  few y ea rs  o f  work w ith  th e  v i s u a l  c l i f f  we 
a re  ready to  v en tu re  th e  r a th e r  broad conc lu sion  th a t  a see ing  
animal w i l l  be a b le  to  d i s c r im in a te  dep th  when i t s  locomotion 
i s  adequate , even when locomotion begins a t  b i r t h .  But many 
experim ents remain to  be done, e s p e c i a l l y  on the  r o l e  of d i f ­
f e r e n t  cues and on th e  e f f e c t s  o f  d i f f e r e n t  k inds  o f  e a r ly  
v i s u a l  experience  (Gibson and Walk, 1960, p. 71).
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Depth p e rc e p t io n  as a developmental s t a g e . Fantz (1958a) 

hatched  ch icks in t o t a l  darkness and te s t e d  them a t  the  time of t h e i r  

i n i t i a l  experience  w ith  l i g h t .  In t e s t i n g ,  he gave them 5 minute ex­

posures  to  a p a i r  o f  s t im u l i  c o n s i s t i n g  of two hem ispheres, one p r e ­

sen ted  so t h a t  the  curved s u r fa c e  faced the  ch icks  and the  o ther  ex­

posed so t h a t  on ly  the  f l a t  (p lan e )  s u r fa c e  was v i s i b l e .  One group of 

ch icks  was exposed to  the  s t im u l i  under d i r e c t  l i g h t in g  which produced 

s t ro n g  shadows and ano ther  group under d i f f u s e  l ig h t in g .  Under bo th  

l i g h t in g  c o n d i t io n s ,  the  curved su r fa c e d  o b je c ts  rece ived  s i g n i f i c a n t l y  

more pecks than did  the f l a t  s u r f a c e s .

While th e se  newborn ch icks  seemed to  make no use of l i g h t  and 
shade d i s t r i b u t i o n  o f  d i s c r im in a t in g  depth , Fantz rep o r te d  th a t  
s l i g h t l y  o ld e r  ch icks t h a t  had v i s u a l  experience showed an en­
hanced p re fe re n c e  fo r  s p h e r i c a l  su r fa c e s  when shading was 
p re s e n t  (E p s te in ,  1964, p. 119).

Here the  aging of the  ch icks  has seemed to  make a d i f f e re n c e  in  th e  man­

ner in  which they use v i s u a l  cues fo r  p e rc e iv in g  depth . These f in d in g s  

a re  c o n s i s te n t  w ith  those  of an e a r l i e r  s tudy  by Hess (1956b). Hess 

f i t t e d  newborn ch icks w ith  hoods c o n ta in in g  goggles whose lenses  d i s ­

p laced  the f i e l d  o f  v i s io n  e i t h e r  7 degrees to  the r i g h t  or 7 degrees 

to  th e  l e f t  or not a t  a l l  ( c o n t ro l  g roup).  The chicks were allowed to  

peck a t  a sm all b ra s s  n a i l  embedded in  modelling c lay  and the pecks 

could be observed by the  peck-marks l e f t  in  the  c lay .  Thus the pecking 

accuracy o f  the  ch icks  could be measured by th e  diameter of the  pecking 

p a t t e r n  l e f t  in  th e  c la y ,  a s m a l le r  and more focused p a t t e r n  in d ic a t in g  

b e t t e r  accuracy . The ch icks  were te s te d  when they were one day o ld ,  

then  d iv ided  in to  two groups: one p laced in  a l iv in g  en c lo su re  in  which 

g r a in  was lo o se ly  s c a t t e r e d  on th e  f lo o r  and the o th e r  in  housing in
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which the  only food was mash p laced  in  sm all bowls. F u r th e r  t e s t i n g  

(with th e  lumps o f  c la y )  a t  3 or 4 days of age rev ea led  t h a t  a l l  ch icks 

were improving t h e i r  pecking accuracy  (making sm a l le r  p a t t e r n s  in  the 

c la y )  though the ch icks  w ith  the  experim ental le n se s  were making th e i r  

improved p e c k -p a t te rn s  a t  7 degrees to  the  r i g h t  o r  l e f t .  Moreover, 

the  ch icks housed in th e  cages c o n ta in in g  the  small bowls o f  mash were 

h ea l th y  but those housed w ith  the  s c a t t e r e d  g ra in  were o b v io u s ly  s t a r v ­

ing. Two of them died on the  f i f t h  day. I t  was concluded th a t  s p a t i a l  

l o c a l i z a t i o n  i s  in n a te  fo r  the  ch ick  and th a t  the  ch ick  i s  unab le  to 

u n lea rn  the  in n a te  l o c a l i z a t i o n  of o b je c ts  even when s u r v iv a l  i s  a t  

s take  (Hess, 1956b).

These s tu d ie s  by Fantz and Hess suggest t h a t  th e  c h i c k 's  a b i l i t y  

to  lo c a te  and respond to  o b je c ts  through the  v i s u a l  sense  is  an in n a te ly  

programmed a b i l i t y .  I t  a lso  seems th a t  a t  l e a s t  some elements o f  the 

c h ic k 's  v i s u a l  p e rc e p t io n  development a re  i r r e v e r s i b l e .

The v i s u a l  c l i f f . Forerunners  o f  the  k inds  o f  t e s t i n g  done 

on the  v i s u a l  c l i f f  d a te  back a t  l e a s t  to  Thorndike. He had p laced  95 

hou r-o ld  chicks on p la tfo rm s  o f  vary ing  h e ig h ts  and noted th a t  th e  chicks 

almost always jumped o f f  q u ic k ly  from p la tfo rm s  placed 1 to  10 inches  

above the  t a b l e ,  th a t  they sp en t  a long time in  h e s i t a t i o n  b e fo re  jump­

ing 22 inches and th a t  they n e a r ly  always re fu se d  to  jump from a h e ig h t  

of 39 inches .  He concluded t h a t  chicks d is c r im in a te  depth  through  an 

in n a te ly  acqu ired  process  (Thorndike, 1899). T o r to ise s  were p laced  in ­

d iv id u a l ly  on p la tfo rm s  o f  v a r io u s  h e ig h ts  over a ne t  by Yerkes (1904). 

Observing th e  i n t e r v a l  o f  time e lap s in g  between t h e i r  be ing  p laced  on



23

the p la tfo rm  and t h e i r  f a l l i n g  in to  the n e t ,  he found th a t  w ater  spec ies  

f a l l  e a r l i e s t ,  amphibious sp e c ie s  n ex t ,  and land spec ies  s ta y  on the 

p la tfo rm  longer than the o th e r s .  This sequence o f  sp ec ie s  d i f f e r e n c e  

was m ain ta ined  a t  each of th e  th r e e  p la tfo rm  h e ig h ts  Yerkes used (30,

90, and 180 cm. r e s p e c t i v e l y ) .  He concluded from his o b se rv a t io n s  th a t  

v i s io n  p lays  a p a r t  in  d e te rm in in g  the re sponses  and t h a t  the  sp ec ie s  

d i f f e r e n c e s  r e f l e c t  d i f f e r e n c e s  in  th e  e v o lu t io n a ry  im portance o f  depth 

d is c r im in a t io n  fo r  animals who l i v e  in  d i f f e r e n t  environments. Waugh 

(1910) a t ta c h e d  a h o r iz o n ta l  d is c  to  a rod which passed through a hole 

in  a t a b le .  He p laced  mice in d iv id u a l ly  on th e  d isc  a r ranged  a t  va r io u s  

h e ig h ts  above the t a b l e  and induced the  mice to  jump by  means of mild 

e l e c t r i c  shock. He found a p o s i t i v e  c o r r e l a t i o n  between the  h e ig h t  of 

th e  d isc  and the  tim e between shock and jump. K urke 's  (1955) s tudy ,  

in  which he p laced  ch icks on a p la tfo rm  hav ing  a d ju s ta b le  h e ig h ts ,  

has been c i t e d  e a r l i e r  in t h i s  c h a p te r .

A f a u l t  in  T h o rn d ik e 's  s tudy  is  t h a t  he did n o t  ex p la in  to  what 

e x te n t  he c o n t ro l le d  the  v i s u a l  ex p e r ien ce  o f  h i s  s u b je c ts  p r io r  to 

t e s t i n g .  I t  i s  n o t  known how much d i f f e r e n c e  th e re  had been in  the  

v i s u a l  and ta x is  e x p e r ien ces  between types o f  t o r t o i s e s  b e fo re  being  

te s t e d  in  Yerkes ' s tudy. Waugh a p p a re n t ly  d id  no t c o n t ro l  fo r  the  

k in e s t h e t i c  and a u ra l  senso ry  inpu ts  a f fo rd e d  h i s  mice during  the  a s ­

c e n t  on th e  h o r iz o n ta l  d i s c  (P a t t e r s o n ,  1965, pp. 19-21). A ll the se  

s tu d ie s  and e s p e c i a l l y  K u rk e 's  become l e s s  convincing in  l i g h t  o f  the 

f a c t  t h a t  the  response  of jumping (or c raw lin g )  may b e  determ ined by 

o th e r  v a r i a b le s  than p e rce iv ed  h e ig h t .
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D iffe ren ce  in  performance may r e f l e c t  d i f f e re n c e s  in  depth 
d i s c r im in a t io n ,  bu t  i t  could a l s o  be the  case th a t  s u b je c t s  
who a re  e q u a l ly  ab le  to  d i s c r im in a te  depth w i l l  v a ry  in 
performance because of d i f f e r e n t  l e v e l s  of motor achievement 
(E p s te in ,  1964, p. 118).

Thus, though a l l  the  s tu d ie s  above u t i l i z e  a " c l i f f "  e f f e c t ,  they b ea r  

a common d e fe c t  in  th a t  t h e i r  measurements confound v i s u a l  w ith  non­

v i s u a l  f a c t o r s .

Aware o f  those  d i f f i c u l t i e s  and shortcom ings, Gibson and Walk

s e t  about to  f ind  another method. Their  method involved the  use  o f  the

appara tu s  which they  named the  v i s u a l  c l i f f , (Gibson and Walk, 1960).

Some kind o f  a r t i f i c i a l  c l i f f  seemed d e s i r a b l e  from the  s t a r t .  The

d e s ire d  appara tus  would be one which cou ld  be used in  th e  la b o ra to ry

and w ith  which no t  only o p t i c a l  s t im u l i  bu t a lso  a u d i to ry  and t a c t u a l

s t im u l i  could be c o n t ro l l e d .  The ap p ara tu s  a lso  had to  be one in  which

the  animals (and humans) would no t be in ju re d .  Severa l v e rs io n s  o f  the

v is u a l  c l i f f  have been used fo r  v a r io u s  s p e c ia l  s tu d ie s  bu t the  one w ith

which most of the  Gibson and Walk experim ents a t  C ornell U n iv e rs i ty

were done was d esc r ib e d  as fo l lo w s :

I t  c o n s i s t s  o f  a board l a id  ac ro ss  a la rg e  sh ee t  o f  heavy 
g la ss  which i s  supported  a fo o t  or more above the  f l o o r .
On one s id e  o f  th e  board a s h e e t  o f  p a t te rn e d  m a te r ia l  is
placed f lu s h  a g a in s t  th e  u n d e r s u r fa c e  of the  g la s s ,  g iv ing  
the  g la ss  the  appearance as w e ll  as the substance  o f  s o l i d i t y .
On the  o th e r  s id e  a sh e e t  o f  th e  same m a te r ia l  i s  l a id  upon 
the f l o o r ;  th i s  s id e  o f  th e  board thus becomes the  v i s u a l  
c l i f f  (Gibson & Walk, 1960, p. 64).

With th i s  in s tru m e n t ,  Gibson and Walk observed the  behav io r  o f  c h ic k s ,

t u r t l e s ,  r a t s ,  lambs, k id s ,  p ig s ,  k i t t e n s ,  and dogs. Another v e r s io n

o f  the  v i s u a l  c l i f f  was used a t  th e  C o rn e l l  Behavior Farm to  s tudy  k id s

and go a ts .  In t h i s  v e r s io n ,  th e  "deep" su r fa c e  of the c l i f f  was a
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plywood s h e e t  cove red  w i t h  t h e  p a t t e r n e d  m a t e r i a l  and c a pab le  o f  b e in g  

l i f t e d  and dropped .  When t h e  an imals  were p l a c e d  on the  g l a s s  w h i l e  

t h e  p l a t f o r m  was f l u s h  a g a i n s t  the  u n d e r s u r f a c e  of  t h e  g l a s s ,  t h e  an imals  

moved a bou t  f r e e l y .  But when th e  o p t i c a l  f l o o r  was then  dropped more 

t h a n  a f o o t  below th e  g l a s s ,  t h e  an imals  " f r o z e "  i n t o  t h e i r  c h a r a c t e r ­

i s t i c  d e f e n s i v e  p e s t u r e . Gibson and Walk th en  t r i e d  v a r i o u s  changes 

i n  t h e  d e s ig n  of  t h e  a p p a r a t u s .  For example,  they  t r i e d  v a r i o u s  com­

b i n a t i o n s  o f  s m a l l  and l a r g e  p a t t e r n  s i z e s  ( o f  the  p a t t e r n e d  m a t e r i a l )  

and p lac e d  them a t  v a r i o u s  com bina t ions  o f  dep th  b e n e a th  the  g l a s s .

Thus t h e y  were  a b l e  to  r ea c h  some c o n c lu s i o n s  about  t h e  a n i m a l ' s  r e ­

sponse  t o  t e x t u r e  and t o  motion p a r a l l a x .  When th ey  covered b o th  s i d e s  

(deep and s h a l l o w )  o f  t h e  c l i f f  w i t h  a homogeneous g ray  s u r f a c e ,  r a t s

showed no p r e f e r e n c e  f o r  e i t h e r  s i d e  of  t h e  c l i f f .  Not on ly  have they

deve lo ped  and r e f i n e d  t h e  a p p a r a t u s ,  they  have done an enormous amount

o f  e x p e r im e n t in g  w i t h  i t .  Yet t h ey  have r a i s e d  a t  l e a s t  as many q u e s ­

t i o n s  as  they  have answered and the  a r e a  i s  open f o r  much i n v e s t i g a t i o n .

Drug S t u d i e s

In a d d i t i o n  to  the  enormous amount o f  drug r e s e a r c h  c a r r i e d  on 

by t h e  p h a rm a c o lo g ic a l  and m edica l  d i s c i p l i n e s ,  t h e r e  i s  a s u b s t a n t i a l  

amount o f  d rug  r e s e a r c h  r e p o r t e d  in  t h e  p s y c h o l o g i c a l  l i t e r a t u r e .  Wood- 

w o r th  and S c h l o s b e r g  (1938) c i t e  some of t h e  e a r l y  p s y c h o l o g i c a l  s t u d i e s  

o f  the  e f f e c t s  o f  d r u g s .  Most o f  t h e s e  were  o f  the  " b ra s s  i n s t r u m e n t "  

v a r i e t y  of  e x p e r i m e n t s .  For example,  t h ey  r e c o u n t  t h a t  K r a e p e l i n  (1883) 

s t u d i e d  t h e  e f f e c t s  o f  a l c o h o l  on humans and r e p o r t e d  t h a t  sm a l l  doses  

w i l l  b r i n g  abou t  a q u i c k e r  r e a c t i o n  t ime f o r  a s h o r t  p e r i o d  fo l lowed  by
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a long period  o f  slowed r e a c t io n  time. K raep e l in  a lso  found th a t  

la rg e  doses o f  a lcoho l b r in g  on on ly  the  r e ta rd e d  phase o f  r e a c t io n  

time. H ollingsw orth  (1912) i s  c i t e d  as having found th a t  la rg e  doses 

of c a f f e in  in c re a s e  the  speed o f  " d i s ju n c t iv e  r e a c t io n s "  ( r e a c t io n s  in ­

v o lv in g  d is c r im in a t io n  and ch o ice )  and S c h i l l in g  (1921) r e p o r te d ly  

found th a t  c a f f e in  h as ten s  motor responses  such as r a p id  tapp ing  but 

has l i t t l e  e f f e c t  on a c tu a l  r e a c t io n  tim e. Woodworth and Schlosberg  

r e p o r t  one e a r ly  s tudy  in v o lv in g  the  use o f  drugs w i th  an im als :  R ic h te r ' s  

(1924) r e p o r t  on the  e f f e c t s  o f  d ep re s san ts  and e x c i t a n t s  on the  behavior 

of animals in  a c t i v i t y  cages . A c a r e fu l  s tudy  fo l lo w in g  K ra e p e l in 's  

was done by S traub  (1938) in  which he found t h a t  r e a c t io n  time is  slowed 

10 p ercen t when the  a lco h o l co n ten t  o f  the  blood is  .35 p e rcen t  by 

volume; i t  is  r e ta rd e d  by 24 p e rce n t  when the  a lc o h o l  l e v e l  reaches  

1.4 p e rce n t .

Morgan and S t e l l a r  (1950), in  t h e i r  book on P h y s io lo g ic a l

Psychology, say no more about drug s tu d ie s  than  a b r i e f  e x p lan a t io n  of

the use  of in s u l in  and M etrazol in  shock th e rap y  and th e  p e rfu n c to ry

paragraph on the  e f f e c t  of drugs;

There a re  a good many s tu d ie s  o f  the e f f e c t  o f  v a r io u s  drugs 
upon th e  i n t e l l i g e n c e  and le a rn in g  a b i l i t y  o f  animals and 
man. In g e n e ra l ,  a lthough  drugs l i k e  b enzed rine  and c a f f e in e  
may speed up performance fo r  a tim e, they  do no t produce any 
marked e f f e c t s  on i n t e l l i g e n c e - t e s t  sco re s  o f  l e a rn in g .  Simi­
l a r l y ,  d ep re ssan ts  l i k e  p h é n o b a rb i ta l  and a lc o h o l  in  moderate 
doses may impair performance te m p o ra r i ly ,  b u t  they do not have 
any p a r t i c u l a r  e f f e c t s  on i n t e l l i g e n t  behav io r  (Morgan and 
S t e l l a r ,  1950, p. 535).

Very l i t t l e  ( i f  any) r e s e a rc h  had been done on the  e f f e c t s  

of drugs on sheep u n t i l  Baumgold's (1967) s tudy  on th e  e f f e c t s  o f  a



27

v a r i e t y  o f  drugs on the  development o f  v i s u a l  depth  p e rc e p t io n  in  neo­

n a te  lambs. In i t s  use o f  th e  v is u a l  c l i f f  to observe the  develop­

ment of v i s u a l  depth  p e r c e p t io n ,  Baumgold's s tudy  d i r e c t l y  fo llowed 

th o se  of P a t te r s o n  (1965) and Lemmon and P a t te r s o n  (1964) who s tu d ie d  

th e  e f f e c t s  of m othering or la ck  o f  mothering on the  development of 

depth  p e rc e p t io n .  L i t t l e  (1966) manipulated v a r i a b l e s  d i r e c t l y  r e l a t e d  

to  th e  ewe to  show th a t  the age a t  which the  lamb develops depth  p e r ­

c e p t io n  is  v a r i a b l e  and f u n c t i o n a l l y  r e l a t e d  to  the  degree  of mother­

ing experienced  by the  lamb.

Baumgold (1967) found th a t  "groups of lambs to whom v a r io u s  

pharm acolog ical agen ts  a re  adm in is te red  a t  b i r t h  w i l l  d i f f e r  s i g n i f i ­

c a n t ly  in  th e  age a t  which they  d is p la y  v i s u a l  depth  p e rc e p t io n "  [p . 4 1 ] .

He found th a t  lambs adm in is te red  Thorazine (a t r a n q u i l i z e r  

thought to be an autonomic su p p ressa n t  o f  c e r e b ra l  c o r te x  a c t i v i t i e s )  

a l so  showed c r i t e r i o n  re sp o n ses  on the v i s u a l  c l i f f  s i g n i f i c a n t l y  l a t e r  

than c o n t ro l s .  Baumgold found th a t  n e i t h e r  t r a n q u i l i z e r s  n o r^ se d a t iv e s  

w i l l  b r in g  about th e  r e v e r s a l  of the lam b's  a b i l i t y  to  d is c r im in a te  

dep th  once the animal has made the  c r i t e r i o n  response  on the  v i s u a l  c l i f f .  

A group of lambs a d m in is te re d  R i t a l i n ,  a s t im u la n t ,  showed th e  c r i t e r i o n  

re sp o n se  on the v i s u a l  c l i f f  e a r l i e r  than  c o n t ro ls  though the d i f f e re n c e  

between the R i t a l i n  and c o n t ro l  groups was not s t a t i s t i c a l l y  s i g n i f i c a n t .  

A group of lambs ad m in is te red  Robaxin, a muscle r e l a x a n t ,  developed 

v i s u a l  depth  p e rc e p t io n  l a t e r  than  c o n t ro l s .

Following the re a so n in g  o f  the  experim enters  whose s tu d ie s  had 

preceded h i s  (Lemmon and P a t t e r s o n ,  1964; P a t te r s o n ,  1965; L i t t l e ,  1966), 

Baumgold (1967) reasoned  t h a t  the  v a r io u s  drugs he had a d m in is te re d  would
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have e i t h e r  an enhanc ing  or  an i m p a i r i n g  e f f e c t  on the  i n t e r a c t i o n  

be tween  the lamb and i t s  mother and t h a t  t h e  q u a l i t y  and q u a n t i t y  o f  

t h i s  i n t e r a c t i o n  would have a d i r e c t  b e a r i n g  on t h e  age a t  which th e  

lamb w i l l  de ve lop  v i s u a l  dep th  p e r c e p t i o n .  Thus,  f o r  example,  t h e  

a d m i n i s t e r i n g  o f  a t r a n q u i l i z e r  to  a ne o n a te  lamb w i l l  r e t a r d  t h e  p r o c e s s  

which  i n c l u d e s  n u z z l i n g ,  n u r s i n g ,  and b u t t i n g  o f  t h e  mother and may a l s o  

r e t a r d  t h e  l am b 's  r e s p o n d in g  to  t h e  m o th e r ' s  l i c k i n g ,  n u z z l i n g ,  e t c .  I t  

i s  p o s t u l a t e d  t h a t  t h e  s lowing  o f  t h e s e  mothe r- l amb p r o c e s s e s  then  is  

d i r e c t l y  r e l a t e d  t o  t h e  r e t a r d i n g  o f  the  d e ve lopm en ta l  change in  the  

lamb.

S p e c ia l  perform ance-enhancing d ru g s . There has been widespread 

r e c e n t  i n t e r e s t  in  th e  United S ta t e s  in  magnesium pem oline, a r e l a t i v e l y  . 

new drug which, a t  f i r s t ,  seemed to  have a p o s i t i v e  e f f e c t  on the  develop­

ment of i n t e l l i g e n c e  and the a c q u i r in g  of l e a rn in g .  Developed by Abbott 

L a b o ra to r ie s ,  magnesium pemoline i s  the  g en e r ic  name of th e  drug which 

i s  a l s o  i d e n t i f i e d  by the t ra d e  name C y le r t  (Abbott 30400). The chemical 

d e s c r ip t io n  given by Abbott is  "a com bination of 2 -im ino -5 -pheny l-4 -  

o xazo l id inone  and magnesium hydrox ide" .

O bservations o f  the  e f f e c t s  o f  magnesium pemoline have been made 

on bo th  r a t s  and humans and th e se  s tu d ie s  have g iven  r i s e  to  s e v e ra l  hy­

po theses  re g a rd in g  th e  exact organism ic e f f e c t s  o f  the drug. P lo tn ik o f f

(1966), s tudy ing  the  d ru g 's  e f f e c t  on c o n d it io n ed  avoidance performance 

in  r a t s ,  has p o s tu la te d  th a t  magnesium pem oline 's  apparen t enhancement 

o f  le a rn in g  and memory may be exp la ined  in  terms o f  p o s s ib le  changes in 

a n x ie ty  or a l e r tn e s s  le v e ls  (or bo th )  in  an im als .  P l o t n i k o f f ' s  r e s u l t s
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were not suppo rted  by Cyert,  Moyer, & Chapman (1967) who observed th a t  

n e i th e r  the  r a t e  of le a rn in g  nor the  r a t e  of e x t in c t io n  in  r a t s  was 

s i g n i f i c a n t l y  a f f e c te d  by the a d m in is t r a t io n  o f  magnesium pemoline. How­

e v e r ,  the  a p p a re n t ly  c o n f l i c t i n g  r e s u l t s  of th e se  two s tu d ie s  may be ac­

counted fo r  by th e  f a c t  th a t  th e  experiments d i f f e r e d  both  in  amounts 

of e l e c t r i c  shock adm in is te red  to the animals and in  the  to p o g rap h ica l  

s t r u c t u r e s  of the  appara tuses  employed. Glasky & Simon (1966) demon­

s t r a t e d  t h a t  magnesium pemoline causes a c t iv a t io n  o f  the n u c lea r  ag­

g re g a te  enzymes r e s p o n s ib le  fo r  RNA s y n th e s is  a lthough  t h e i r  da ta  do 

no t give a b a s is  fo r  de term in ing  how t h i s  a c t iv a t io n  comes about nor 

fo r  de term in ing  whether a cau sa l  r e l a t i o n s h i p  e x i s t s  between le a rn in g  

and RNA s y n th e s i s .  Beach & Kimble (1967) re p o r te d  t h a t  r a t s  in j e c te d  

w ith  magnesium pemoline had s h o r te r  l a t e n c i e s  in responding to  shock 

th a n  d id  c o n t ro l  anim als. They observed in subsequent s tu d ie s  th a t  drugged 

r a t s  showed le s s  d ec rease  in a c t i v i t y  le v e l  and more s u s ta in e d  r e sp o n s iv e ­

ness  to  th e  sound of a buzzer than d id  c o n t ro l s .  They f e e l  t h a t  t h i s  

may account fo r  the la ten cy  d i f f e r e n c e s  they observed in the avoidance 

ta s k .  Frey & P o lido ra  (1966) re p o r te d  th a t  the  a c q u i s i t i o n  of le a rn in g  

an avoidance response by r a t s  was g e n e ra l ly  a c c e le ra te d  by the  adm inis­

t r a t i o n  o f  magnesium pemoline. However, they recognized  th a t  some r a t s  

in  experim enta l s i t u a t i o n s  adopt a m o t io n le ss ,  r i g i d  p o s tu re  and r e f u s e  

to  leave th e  chamber o f  the appara tu s  in  avoidance type experim ents .  In 

an e f f o r t  to c o n t ro l  f o r  the " f r e e z in g "  behavior which slows the le a rn in g  

p ro c e ss ,  Frey & P o lid o ra  used d iv e rs e  le v e ls  of e l e c t r i c  shock. They 

thus reco g n ize  t h a t  t h e i r  observed r a t e s  o f  a c q u i s i t i o n  o f  the  avoidance 

response  were a f f e c te d  no t on ly  by th e  magnesium pemoline bu t  a lso  by
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the  shock le v e l s  and by the  I n t e r a c t i o n  between the  two c o n d i t io n s .  Frey 

& P o l id o ra  advanced th r e e  hypotheses as p o s s ib le  ex p lan a tio n s  fo r  the  

apparen t a f f e c t  of magnesium pemoline on th e  enhancement o f  le a rn in g ,  

p o in t in g  out t h a t  f u r th e r  b e h a v io ra l  t e s t i n g  may c l a r i f y  t h e i r  views.

Their  hypotheses  a re :  ( i )  t h a t  le a rn in g  may be f a c i l i t a t e d  by the i n ­

creased  motor a c t i v i t y  r e s u l t i n g  from the  d ru g 's  s t im u la t io n  of th e  cen­

t r a l  nervous system, ( i i )  t h a t  the drug may make r a t s  more r e a c t iv e  to 

e l e c t r i c  shock which would have the  same e f f e c t  as in c re a s in g  the e f ­

f e c t iv e  shock i n t e n s i t y ,  and ( i i i )  t h a t  th e  a c t io n  o f  magnesium pemoline 

upon some g en e ra l  le a rn in g  mechanism by means of i t s  a c t io n  on b iochem ical 

systems which s y n th e s iz e  n u c le ic  ac id s  may account for th e  f a c i l i t a t i v e  

e f f e c t .  S tu d ie s  of th e  e f f e c t s  of magnesium pemoline on human s u b je c ts  

(T a l lan d ,  1966; Burns, House, Fensch, & M i l l e r ,  1967; Smith, 1967) have 

not g iven  c o n s i s te n t  r e s u l t s  bu t seem to suggest, t h a t  su s ta in e d  a t t e n t i o n  

and accuracy  of performance a re  f a c i l i t a t e d  by the  drug bu t  le a rn in g  and 

memory a re  n o t .

A second su b s tan ce ,  th y ro x in e ,  has been shown to  a c c e le r a te  

le a rn in g  and to  h as ten  s e v e r a l  k inds of e a r l y  development in  r a t s .  Thy­

ro x in e  in  s t r i c t  te rm inology i s  not a drug because , a lthough i t  can be 

chem ica lly  sy n th e s iz e d ,  i t  i s  the hormone produced by th e  thy ro id  g lands. 

Eayrs & Levine (1963) found th a t  a c o n d it io n ed  avoidance response in  r a t s  

was im paired by thyro idectom y. Many a d d i t io n a l  s tu d ie s  support th e  g en era l  

o b se rv a t io n  of r e t a r d a t i o n  w ith  impaired le a rn in g  accompanying lowered 

amounts o f  thy rox ine  in  the  organism (Whalen, 1967, pp. 8, 17, 18, 188, 

247). Levine & M ullins (1966) have w r i t t e n :
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The number of s tu d ie s  d ea l in g  w ith  e a r ly  th y ro id  d e f ic ie n c y  
or excess has been growing. Absence o f  th y ro id  hormone in  the  
developing organism has s i g n i f i c a n t  consequences fo r  more phys­
i o lo g ic a l  and b e h a v io ra l  fu n c t io n s  than does the absence of 
androgen. . . .O p en in g  of the  eyes and vagina is  r e t a r d e d ,  and 
m atu ra tion  of many r e f l e x  b eh a v io rs ,  such as the  r i g h t in g  r e ­
sponse , is  de layed . In the  c e n t r a l  nervous system , m y e lina t ion  
is  r e ta rd e d ,  and th e re  is  le ss - th an -n o rm a l  b ranch ing  and con­
n e c t in g  of c e l l  p ro cesses  in  the c o r te x  [p . 1587].

Observing th e se  known e f f e c t s  of th y ro x in e  d e f i c i t ,  Schapiro  

& Norman (1966) a l so  no te  t h a t  i n j e c t io n s  o f  th y ro x in e  in  th e  neonate  

r a t  w i l l  a c c e le r a te  the  d e p o s i t io n  o f  b r a in  c h o l e s t e r o l ,  advance the  

age o f  eye opening, and in c re a se  spontaneous locomotor a c t i v i t y .  They 

a l s o  no te  t h a t  "Thyroxine added to  an _in v i t r o  ce rebe llum  from a newborn 

r a t  or mouse has been shown to  a c c e le r a te  m ye linogenesis" .

S t a r t i n g  from those  o b s e rv a t io n s ,  Schap iro  & Norman (1966)

performed an experiment in  which they dem onstrated

th a t  a d m in is t r a t io n  o f  thyrox ine  to  the  newborn r a t  w i l l :  ( i )  
a c c e le r a te  the  m a tu ra t io n  of the  p i t u i t a r y  a d re n a l  response  to 
s t r e s s ,  ( i i )  a c c e l e r a t e  the  development o f  the  e le c t ro e n c e p h a lo ­
gram and advance the age a t  which the  r a t  w i l l  respond b eh av io r-  
a l l y  and n e u ro p h y s io lo g ic a l ly  to  acu te  env ironm enta l s t im u l i ,  
and ( i i i )  in c re a se  th e  a b i l i t y  o f  the i n f a n t  r a t  to  le a rn  a 
co n d itio n ed -a v o id an ce  response  [p .  1279].

Hormones and Emotion

W. B. Cannon, as e a r ly  as 1915, sugges ted  t h a t  a d re n a l in e  i s  

s e c re te d  in to  th e  system  when e x te rn a l  s t im u l i  produce fe a r  and rag e  in  

th e  organism (Cannon, 1915). Since th a t  time, an enormous amount o f  

l i t e r a t u r e  has appeared on th e  s u b je c t  of hormones and t h e i r  r e l a t i o n ­

sh ip  to  behav io r  bu t  the  exac t and s p e c i f i c  n a tu re  of the  r e l a t i o n s h i p  

i s  complex and d i f f i c u l t  to  u n rav e l .  The au th o rs  o f  a r e c e n t  review  

a r t i c l e  on the s u b je c t  c i t e d  over one hundred " r e p r e s e n ta t iv e "  s tu d ie s  

b u t  summarized th e  f in d in g s  by w r i t i n g :
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The i n t e r a c t io n s  between environm ental de te rm inan ts  o f  a f f e c t ,  
v a r io u s  p h y s io lo g ic a l  f a c t o r s ,  and the  com plexity  of phys io ­
lo g i c a l  d e te rm in a n ts ,  in c lu d in g  c o g n i t iv e  f a c to r s  d er ived  from 
the  i n d i v i d u a l ' s  remote and immediate p a s t  e x p e r ien ces ,  have 
re c e iv e d  only  l im i te d  s tudy  under adequate ly  c o n t ro l le d  c o n d i t io n s .
I t  may be a n t i c ip a t e d ,  however, th a t  th i s  w i l l  prove to  be a p a r ­
t i c u l a r l y  f r u i t f u l  a rea  f o r  f u tu r e  re s e a rc h ,  f o r  on ly  w i th in  
such a m u l t i f a c t o r i a l  framework may one expect to  unders tand  f u l ly  
the  r e l a t i o n s h i p  of the  b io g e n ic  amines to  em otional s t a t e  
(S c h i ld k ra u t  & K ety , 1967, p. 3 0 ) ,

However, v e r y  r e c e n t  t e c h n i c a l  deve lopm ents  have a p p a r e n t l y  b rough t  abou t  

means by which v a l i d  i n f e r e n c e s  abou t  emotions can be made th rough  h o r ­

monal m easu res .

The c i r c u l a r i t y  of the  horm onal-em otional i n t e r a c t i o n  i s  ap­

p a re n t ly  o f te n  overlooked. Whalen (1967, p. i i i )  p o in ts  ou t th a t  c u r re n t  

t e x t s  on physio logy  and in t ro d u c to ry  endocrinology u s u a l ly  n o te  th a t  

hormones in f lu e n c e  behav ior  bu t  f a i l  to  co n s id e r  the  im portan t in f lu e n c e  

th a t  behav ior  has in  de term in ing  th e  s e c r e t io n  o f  hormones. C h r is t i a n  

and Davis (1964) r e l a t e  an im portan t sequence o f  even ts  (of which the 

Cannon-Bard Theory i s  p robab ly  a fo re ru n n e r )  which c o n t ro l s  animal 

p o p u la t io n s .  T heir  experim en ta l ev idence shows:

. . . t h a t  pop u la t io n s  a re  l im i te d  because , as s i z e  in c re a s e s ,  
s o c ia l  and p a r t i c u l a r l y  a g g re s s iv e  i n t e r a c t io n s  between i n ­
d iv id u a ls  in c re a s e  in  frequency . These s o c ia l  i n t e r a c t i o n s  
cause changes in  the  s e c r e to r y  p a t te r n s  of a d re n a l  and gonadal 
hormones, and th e se  changes reduce  mating and rep ro d u c t io n  and 
in c re a s e  th e  a n im a l 's  s u s c e p t i b i l i t y  to  d is e a s e  (Whalen, 1967,
pp. 1 1 -1 2 ) .

Thus Whalen has d ef ined  a t r i p a r t i t e  sequence c o n s i s t i n g  o f  s t im u la t io n  

followed by en d o c r in a l  changes le a d in g  to  both  p h y s io lo g ic a l  and be­

h a v io ra l  changes.

R e la t iv e  system ic  l e v e l s  o f  a d r e n o c o r t ic a l  hormones can now be 

a c c u ra te ly  measured by means o f  e i t h e r  chromatography (Bush, 1961;
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G asztony l,  Marton. Kerning & V ecsel,  1963) or f lu o ro m e tr ic  methods (Rudd, 

Samson, & Brook, 1963). S tud ie s  in v o lv in g  hormonal measures have been 

done w ith  many d i f f e r e n t  animals in c lu d in g  the  horse  (Zolovick, Upson, & 

E le f th e r io u ,  1965), the dog (Metz 1 e r , E le f th e r io u ,  & Fox, 1966), the  r a t  

(Levine, Haltmeyer, K aras, & Denenberg, 1967), and th e  c a t f i s h  (Boehlke, 

Church, T iem eier, & E le f th e r io u ,  1966). Changes in hormone l e v e l s  have 

been measured bo th  i n  connection  w ith  o rgan ism ic  fu n c t io n s  such as d iu r n a l  

rhythms and e s t ro u s  cyc les  and as a f u n c t io n  o f  exogenous s t im u l i .  A r e ­

c e n t  experiment (Haltm eyer, Denenberg, T h a tc h e r ,  & Zarrow, 1966) suggested  

th e  im portan t co n c lu s io n :

These r e s u l t s  c l e a r l y  i n d i c a te  th a t  sev e re  s t r e s s  can e l i c i t  an 
a d r e n o - c o r t i c a l  response  in  th e  n e o n a ta l  r a t  s h o r t l y  a f t e r  b i r t h  
[p .  1373].

I t  is  im portan t t h a t  we le a rn  w hether hormonal responses  can be seen 

in  very  young anim als  (o th e rs  as w e l l  as r a t s )  because these  e a r l y  r e ­

sponses may have a b e a r in g  on th e  a b i l i t y  of th e  animal to  su rv iv e .  

Emotional b e h av io r ,  accord ing  to  S c h n e i r la  (1959), seems to  have some­

th in g  to  do w ith  th e  an im a l 's  approach and w ithdraw al to  and from the  

environm ent. The a b i l i t y  to  a p p r o p r ia t e ly  approach or withdraw would 

seem more im portan t to the  su rv iv a l  o f  th e  p r e c o c ia l  animals than  to 

o th e rs  though i t  may be a c r u c i a l  i s s u e  in  the  e a r ly  l iv e s  of a l l  o rgan­

isms. In  p a r t i c u l a r ,  the  v i s c e r a l  component o f  emotional behav io r  i s  

le s s  w e ll  unders tood  than the o th e rs  (env ironm enta l and b e h a v io ra l  com­

p onen ts)  because i t  has been more d i f f i c u l t  to  observe and measure 

(Mandler, 1962).

The mere measuring of hormonal l e v e l s  would obviously  have no 

v a lu e  u n le ss  we can s u b s t a n t i a t e  the in fe re n c e s  we choose to  make from
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such measurements. Funkenste in  (1955) was a b le  to  make w e l l  supported

In fe re n c e s  in  terms of hormonal d i f f e r e n c e s  a s s o c ia te d  w ith  anger in

humans. Through p h y s io lo g ic a l  measures, he was ab le  to  i d e n t i f y  and

d i f f e r e n t i a t e  between persons whose anger was d i r e c te d  outward and those

who experienced  anger d i r e c te d  inward. Brpnson and E le f th e r io u  (1965a)

found th a t  the  s e c r e t io n  of ACTH and ad re n a l  c o r t i c o ld s  i s  In c reased  in

mice when they engage in  f ig h t in g .  However, they  were n o t ,  a t  t h a t  time,

ab le  to  determ ine w hether th e  hormonal in c re a s e  was d i r e c t l y  r e l a t e d  to

p h y s ic a l  i n j u r i e s  rece iv ed  by th e  mice, the  experience  of f e a r ,  or the

in c re ased  a c t i v i t y  and expend itu re  o f  energy. In  a l a t e r  s tudy  (Bronson

& E le f th e r io u ,  1965b), they found th a t  the  ad ren a l  hormones a re  inc reased

in  re sp o n se  to  th e  presence  o f  dominant anim als even i f  no f ig h t in g

(w ith  i t s  i n j u r i e s  and in c re a sed  a c t i v i t y )  takes  p la ce .

This f in d in g  i s  p a r t i c u l a r l y  i n t e r e s t i n g  because i t  shows th a t  
th e  meaning o f  s t im u l i ,  in  th i s  case  th e  t h r e a t  o f  ag g re s s io n ,  
can cause the  s e c r e t io n  o f  hormones (Whalen, 1967, p. 12).

F u r th e r ,  Levine, Haltmeyer, Karas & Denenberg (1967) found a c lo s e ly  c o r ­

r e l a t e d  r e l a t i o n s h i p  between c o r t i c o s te r o n e  le v e l  and o th e r  measures of 

emotion such as f i e l d  a c t i v i t y  and amount o f  d e fe c a t io n  in  mice. They 

a l s o  found changes in  the  c o r t i c o s te r o n e  le v e l s  p a r a l l e l  to  t h e i r  ex­

p e c ta t io n s  reg a rd in g  em otional response  to  the  len g th  of time the  animals 

sp e n t  i n  confinement and time in  the  open f i e l d .  Thus, th e  s tu d ie s  r e ­

la t e d  to  t h i s  paragraph  r e p re s e n t  a s u b s t a n t i a l  l i t e r a t u r e  in d ic a t in g  

th a t  em otional re sponses  such as f e a r  and anger can be observed by means 

o f  measuring system ic  le v e l s  o f  a d re n o c o r t ic a l  hormones.

One f i n a l  c o n s id e ra t io n  to  be taken  in to  account in  reg a rd  to  en­

d o cr in e  a c t i v i t y  i s  t h a t  i t ,  l i k e  a l l  o rgan ic  p ro cesse s ,  changes in  terms 

o f  c r i t i c a l  p e r io d s .
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and developmental s ta g e s .  I t  has long been b e l ie v e d  th a t  gonadal 

hormones in  mammals a re  s e c re te d  acco rd ing  to  an alm ost unvary ing  

developm ental sequence. Eayrs (1961) found th a t  d e p r iv in g  newborn r a t s  

o f  th y ro id  hormone w i l l  have profound and permanent e f f e c t s  on th e  

animal when i t  reaches  adu lthood . The e f f e c t  i s  s im i la r  to  c r e t in i s m  

i n  humans, a c o n d i t io n  c h a ra c te r i z e d  by hypothyro id ism  d u ring  infancy  

in  a s s o c ia t io n  w ith  reduced i n t e l l e c t u a l  development l a t e r  in  l i f e .  How­

e v e r ,  Eayrs has shown th a t  no permanent r e d u c t io n  in  l e a rn in g  a b i l i t y  

occurs  in  r a t s  when they a re  i n i t i a l l y  deprived  o f  the  th y ro id  hormone 

a t  th e  age of tw en ty -f iv e  days or o ld e r .  Following t h i s  s tu d y ,  Levine 

and M ullins (1966) have shown th a t  the e f f e c t s  o f  e a r ly  thyroidectom y 

in  r a t s  can be p a r t i a l l y  or w holly  re v e rs e d  i f  th y ro x in e  "rep lacem ent"  

i s  begun w i th in  a c e r t a i n  c r i t i c a l  p er iod  a f t e r  thyroidectom y (15 days).  

However, th e  e f f e c t s  of hypothyroidism a re  i r r e v e r s i b l e  i f  the  th y ro id  

rep lacem ent i s  begun a f t e r  the  c r i t i c a l  p e r io d  has passed . I n c o n s i s te n t  

f in d in g s  appeared when S chap iro ,  G e l l e r  and Eiduson (1962) re p o r te d  th a t  

th e  tw o-day-old  r a t  i s  no t horm onally r e s p o n s iv e  to  s t r e s s  and Zarrow, 

Haltmeyer, Denenberg and T hatcher (1966) d id  f in d  response  a t  t h a t  age. 

However, th e  l a t e r  and more d e t a i l e d  work of Zarrow e t  a l .  a llow ed them 

to  conclude th a t  c o r t i c o s te r o n e  le v e l s  in  the  tw o-day-old r a t  w i l l  r i s e  

in  re sp o n se  to  h ea t  s t im u la t io n  b u t  n o t  t o  e l e c t r i c  shock a lthough  th e  

c o r t i c o s te r o n e  le v e l s  in  th e  n in e -d a y -o ld  animal w i l l  in c re a s e  in  r e ­

sponse to  bo th  h e a t  and shock. This  f in d in g  n o t only  exp la ined  the i n ­

c o n s is te n c y  ( the  experim en ta l methods in the  two s tu d ie s  had been d i f ­

f e r e n t )  b u t  a l so  made i t  c l e a r  t h a t  c e r t a i n  hormonal re sp o n ses  to  s t im u l i  

and c e r t a i n  hormonal in f lu e n c e s  on the  organism f i r s t  appear a t  s p e c i f i c  

c r i t i c a l  s ta g e s  a f t e r  the a n im a l 's  b i r t h .
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Summary

A review of l i t e r a t u r e  has shown th a t  developm ental s ta g e s  fo llow  

an a p p a re n t ly  in n a te ly  determ ined  sequence. I t  is  suggested  th a t  th e se  

developmental s tag es  may un fo ld  during  c r i t i c a l  per iods  analogous w ith  

the c r i t i c a l  pe r io d s  a s s o c ia te d  w ith  im p rin tin g .  I f  t h i s  were t r u e ,  

organisms would be found to  develop according  to  an in n a te ly  determined 

sequence of c r i t i c a l  p e r io d s .  The development o f  v i s u a l  dep th  p e rc e p t io n  

is  a p p a re n t ly  s u b je c t  to  th e se  p o s tu la te d  p r in c ip le s  o f  c r i t i c a l  p e r io d i ­

c i t y .  Many d i f f e r e n t  s p e c ie s  o f  anim als as w e l l  as humans a r e  s im i la r  

and c o n s i s te n t  in  many developm ental re s p e c ts  in c lu d in g  the  d i s c r e t e  

sequences involved in  deve lop ing  v i s u a l  depth p e rc e p t io n .

C e r ta in  drugs have been shown to  have r e t a r d i n g  or a c c e l e r a t i n g  

e f f e c t s  on development. Both magnesium pemoline and th y ro x in e  have 

been shown to b r in g  about a c c e l e r a t i o n  of some development and le a rn in g  

though the n a tu re  o f  th e  changes involved in  a d m in is t r a t io n  o f  the  drugs 

Is no t  as ye t  c l e a r ly  unders tood .

R ecen tly ,  techn iques  have been developed which a f fo rd  the  measure­

ment o f  em otional changes by means o f  determ ining  r e l a t i v e  amounts o f  

a d re n o c o r t ic a l  s t e r o id s  in  the  b lood.

This s tudy  i s  focused  on th e  problem of the d e te rm in a t io n  of 

the  e f f e c t s  o f  magnesium pemoline and thyrox ine  on th e  developing  organism 

and sea rch in g  fo r  p h y s io lo g ic a l  and b eh av io ra l  concom itants o f  develop­

mental changes which may g ive  c l e a r e r  in s ig h t  in to  th e  n a tu re  o f  those  

changes .



CHAPTER I I

PROBLEM

The l i t e r a t u r e  reviewed in th e  p receding  ch a p te r  su p p o r ts  the 

n o t io n  t h a t  d i f f e r e n t i a l  t re a tm e n ts ,  inc lud ing  the a d m in is t r a t io n  of 

drugs to  the  neonate  animal may have dramatic and enduring  consequences 

on th e  a n im a l 's  l a t e r  l i f e .  The development of v i s u a l  depth  p e rce p tio n ,  

as observed on the v i s u a l  c l i f f ,  can ap p are n tly  be made to  occur some­

what e a r l i e r  or l a t e r  in  the  an im a l 's  e a r ly  l i f e  as  a fu n c t io n  o f  t r e a t ­

ments adm in is te red  to  the  neonate . In fe ren ces  about the  occurence of 

e m o tio n a l i ty  in  the young animal have been made from measures o f  hor­

monal changes in  th e  a n im a l 's  blood.

Many w e ll  known psychoactive  pharm acological ag en ts  have had 

widespread use in th e  s tudy  o f  t h e i r  e f f e c t s  on b eh av io r .  In  p a r t i c u l a r ,  

d ram atic  changes in  the age a t  which newborn lambs w i l l  e x h i b i t  avoidance 

behav io r  on th e  v i s u a l  c l i f f  were induced by the  a d m in is t r a t io n  o f  t r a n ­

q u i l i z e r s ,  s e d a t iv e s ,  s t im u la n ts ,  and muscle r e l a x a n t s  by Baumgold (1967).

V isua l  depth p e rce p t io n  in  lambs seems to  be  c h a ra c te r i z e d  by 

a r e l a t i v e l y  sudden o n se t ,  presumably a t  a c r i t i c a l  p e r io d  in  the  

a n im a l 's  l i f e .  This tim ing may be c r u c i a l l y  im portan t fo r  the  an im al 's  

s u rv iv a l  and may be r e l a t e d  to  the  c r i t i c a l  period  fo r  im p r in t in g  ob­

served  by e th o lo g i s t s .

In many s tu d ie s  invo lv ing  bo th  humans and r a t s ,  le a rn in g  and 

performance have a p p a re n t ly  been f a c i l i t a t e d  by th e  a d m in is t r a t io n  o f
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the  newly developed drug , magnesium pemoline. However, th e re  is  lack  

o f  agreement among workers w ith  t h i s  drug as to i t s  s p e c i f i c  e f f e c t s  

on the organism. W rite rs  have v a r io u s ly  p o s tu la te d  th a t  the  d r u g 's  ob­

served e f f e c t s  a re  the r e s u l t s  o f  in c reased  a n x ie ty  or a l e r tn e s s  l e v e l s ,  

inc reased  RNA s y n th e s is  in  the  organism, in c re a sed  motor a c t i v i t y ,  i n ­

c rea sed  s e n s i t i v i t y  to  s t i m u l i  such as shock, or changes in  the  a n im a l 's  

b iochem ica l system.

S ince  th e  development o f  v i s u a l  depth p e rc e p t io n  comes about 

in  the  absence o f  e x te rn a l  reward or re in fo rc em en t and s in c e  v i s u a l  

depth p e rc e p t io n  does n o t  e x t in g u is h ,  i t  can be assumed t h a t  i t  i s  not 

a le a rn ed  a c q u i s i t i o n .  However, v i s u a l  depth p e rc e p t io n  has been  ob­

served  to  occur e a r l i e r  as an apparen t fu n c t io n  of inc reased  m other- 

neonate  i n t e r a c t i o n .  I f  th e n ,  magnesium pemoline a d m in is t r a t io n  can 

be observed to  f a c i l i t a t e  the  a c q u i s i t i o n  of v i s u a l  depth  p e rc e p t io n  

some g e n e r a l iz a t io n s  can be made in  terms of e i t h e r  an in c re a s e  in  e a r ly  

a c t i v i t y  l e v e l  o r  an in c re a s e  in  s e n s i t i v i t y  of the  young animal to  i t s  

mother. The f i r s t  h y p o th e s is  then  i s :

Hypothesis 1. Lambs a d m in is te re d  magnesium pemoline immediately 
a f t e r  b i r t h  w i l l  avoid a v i s u a l  c l i f f  a t  a s i g n i f i c a n t l y  e a r l i e r  
age than  w i l l  c o n t ro l  s u b j e c t s .

Some o f  the  s p e c i f i c  p h y s io lo g ic a l  e f f e c t s  of th e  a d m in is t r a t io n  

of thy rox ine  to  neonate  r a t s  and mice a re  known. These in c lu d e :  a c ­

c e l e r a t i o n  o f  eye and vag ina  opening, in c re a sed  spontaneous locomotor 

a c t i v i t y ,  and a c c e le r a t io n  of the  d e p o s i t io n  o f  b r a in  c h o l e s t e r o l  and 

of subsequent m ye linogenesis .  Assuming th a t  lambs would be s i m i l a r l y  

a f f e c te d  by th ro x in e ,  i t  i s  r ea so n ab le  to  p o s tu la t e  t h a t  th e  adm in is ­

t r a t i o n  of th y rox ine  would h a s te n  the  development of v i s u a l  depth
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p e rc e p t io n .  T h e re fo re ,  the second h y p o th e s is  d e a l t  w i th  t h a t  p rob­

a b i l i t y ;

Hypothesis 2, Lambs ad m in is te red  th y ro x in e  immediately 
a f t e r  b i r t h  w i l l  avoid th e  v i s u a l  c l i f f  s i g n i f i c a n t l y  
e a r l i e r  in  l i f e  than  w i l l  c o n t ro l  s u b je c t s .

Both Hess and S c o tt  hold t h a t  the  phenomenon o f  im prin ting  

i s  a s s o c ia te d  w ith  a c r i t i c a l  p e r io d  and t h a t  th e  c r i t i c a l  period  

ends w ith  the  o n se t  o f  f e a r .  Because o f  i t s  apparen t involvement w ith  

a c r i t i c a l  p e r io d ,  i t  seems q u i t e  p o s s ib le  t h a t  the  v i s u a l  c l i f f  pheno­

menon r e p r e s e n t s ,  in  p a r t ,  an ana log  o f  th e  im p r in t in g  phenomenon. I f  

neonate  lambs were th re a te n e d  w ith  a v i s u a l  drop bo th  b e fo re  and a f t e r  

they  had developed v i s u a l  depth  p e rc e p t io n ,  i t  might be expected th a t  

t h e i r  a d re n o c o r t ic a l  hormone le v e l s  a s s o c ia te d  w ith  f e a r  would be 

h ig h e r  a f t e r  the  m a n ife s ta t io n  o f  v i s u a l  dep th  p e rc e p t io n  than  b e fo re .  

In  the  f i r s t  c h a p te r ,  many s tu d ie s  were c i t e d  in  which plasma s t e r io d  

measures have been used to make in fe re n c e s  about e m o tio n a l i ty  and the  

e f f e c t s  of s t r e s s  on v a r io u s  an im als .  The m a jo r i ty  o f  th e se  s tu d ie s  

involved  the f lu o ro m e tr ic  assays  o f  plasma c o r t i c o s te r o n e  in  r a t s .  In 

lambs h y d ro c o r t iso n e  i s  more abundant, hence more e a s i l y  measured, than 

c o r t i c o s te r o n e .  S ince  h y d ro c o r t i so n e  and c o r t i c o s te r o n e  a r e  o f  th e  

same c l a s s  o f  a d re n o c o r t ic a l  s t e r i o d s ,  i t  might be expected th a t  the  

r i s e  and f a l l  of t h e i r  le v e l s  a s s o c ia te d  w ith  o the r  p sy ch o lo g ica l  and 

p h y s io lo g ic a l  phenomena would be s i m i l a r .  I t  was thus p o s tu la te d :

Hypothesis 3. Lambs w i l l  have r e l a t i v e l y  h ighe r  le v e ls  of 
s t e r i o d  h y d ro c o r t iso n e  a f t e r  d is p la y in g  avo idance o f  th e  
v i s u a l  c l i f f  than  b e fo re .

S t a t e d  f o r m a l l y ,  t h e  aim o f  t h e  p r e s e n t  r e s e a r c h  p r o j e c t  was to
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determ ine  i f  the  a d m in is t r a t io n  o f  magnesium pemoline o r  th y ro x in e  to  

newborn lambs w i l l  have a marked e f f e c t  on th e  subsequent developmental 

growth o f  th e  animal. A second aim of th e  p r o je c t  was to  e v a lu a te  the  

r o l e  o f  e m o tio n a l i ty  as i t  r e l a t e s  to  the acq u ir in g  o f  developmental 

changes.



CHAPTER I I I

METHOD

D e s c r ip t io n  of Sub jec ts  

S ubjec ts  fo r  the  p re s e n t  s tudy  were 49 lambs born in to  a f lo c k  

of r e g i s t e r e d  Suffo lk  ewes which had been bred to  the  same s in g le  

r e g i s t e r e d  S u ffo lk  ram. There were 23 male and 26 female s u b je c t s .

Among the  49 b i r t h s ,  th e re  were 30 s in g le  b i r t h s ,  8 s e t s  of tw ins, and 

a s e t  o f  t r i p l e t s .  The ram was kep t s ep a ra ted  from the  ewes u n t i l  the  

f i r s t  o f  November and th e  s u b je c t s  were a l l  born  during the pe r iod  from 

March 26 through A p ri l  11, 1967. Two lambs were born e a r l i e r  and f iv e  

l a t e r  than t h i s  period  b u t  th e se  were not used as s u b je c t s  in  the  

p re s e n t  experim ent. Three lambs born w ith in  th e  named period were no t 

used as s u b je c t s ;  two because  they  were born w ith  p h y s io lo g ic a l  anomalies 

and one because o f  an a c c id e n t  reg a rd in g  th e  experim en ta l procedure which 

would have caused data  from th a t  animal to  have been sp u r io u s .

B ir th s  occurred w ith  about equal frequency w ith  re sp e c t  to  c lock  

hours .  For example, 14 b i r t h s  occurred  between m idnight and 6:00 a. m .,

13 between 6:00  a .  m. and noon, ano ther 13 between noon and 6:00 p. m. 

and 9 lambs were born between 6 :00  p. m. and m idnight. H ersher, R ich ­

mond, & Moore (1963) had a l s o  found th a t  sheep have no tendency to  d e l iv e r  

t h e i r  young a t  a n y - p a r t i c u l a r  time of day. These f in d in g s  a re  a l so  con­

s i s t e n t  w ith  those of L i t t l e  (1966) who noted th a t  20 o f  43 su b je c t s  were
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born  between 8:00 a. m. and 4 :0 0  p. m. and w ith  those  of Baumgold

(1967) who found th a t  17 of 41 s u b je c t s  were born between 8 :00  a. m. 

and 4 :0 0  p. m.

Treatment o f  S ub jec ts  

From the  time the  ram was put in to  th e  f lo c k  and u n t i l  about 

one week b e fo re  lambing began, th e  f lo c k  was k ep t  in  a l a rg e  open 

p a s tu r e .  During th i s  p e r io d ,  supp lem ental feed in g  in  the  form o f  a 

s ta n d a rd  feed-m eal was given the  f lo c k  d a i ly .  On a l t e r n a t e  days, the  

feed-m eal was mixed w ith  Tro lene FM (Dow Chemical Company), a verm i­

fuge c o n ta in in g  the  a n th e lm in t ic  agent r o n n e l , one o f  th e  c l a s s  o f  

o rganophospha tes .

During the  lambing season , th e  f lo c k  was kep t  in  a fenced en­

c lo s u re  bounding approxim ately  675 square  y a rd s .  The f lo c k  was ob­

served  c o n t in u o u s ly  "around the  c lo ck "  du ring  a l l  the  days of the  

lambing season . The c h a r a c t e r i s t i c  b eh av io r  o f  th e  ewe n ea r in g  her  

time o f  d e l iv e r y  is  c l e a r l y  d esc r ib ed  by Pearce  (1967):

The f i r s t  s ig n  th a t  p a r tu r i t io n  i s  near  occurs  when the ewe 
withdraws or i s o la t e s  h e r s e l f  from th e  r e s t  o f  the  f lo ck .
She t y p i c a l l y  lo c a te s  h e r s e l f  on the  o u te r  p e r im e te r  of the  
f lo c k ,  l i e s  down, and remains in  t h i s  lo c a t io n  u n t i l  p a r ­
t u r i t i o n .  . . .A s  p a r t u r i t i o n  n e a rs ,  th e  ewe's head t y p i c a l l y  
droops and she remains in  a p r o s t r a t e  p o s i t i o n  . . . With th e  
passage o f  time th e  ewe becomes in c re a s in g ly  more a c t iv e  
p h y s ic a l ly ,  p a r t i c u l a r l y  w i th  th e  o n se t  o f  labor c o n t r a c t i o n s .
A yellow ish-brow n bag ex trudes  from th e  ew e's  vag ina  s h o r t l y  
b e fo re  b i r t h  and w^en the  bag b u r s t s  th e  ewe f r e q u e n t ly  r i s e s  
to  h e r  f e e t  and s n i f f s  the  ground where th e  c o n te n ts  o f  the 
bag a re  s p i l l e d .

S h o r t ly  b e fo re  g iv ing  b i r t h ,  when th e  labo r  c o n t ra c t io n s  
a re  most in t e n s e ,  th e  ewe p o in ts  her  nose upward in  co n ju n c t io n  
w ith  each c o n t ra c t io n ,  w rin k le s  her  nose , and em its a very  
s j i r i l l  b le a t in g  sound a p p a re n t ly  in  response  to  the  pain  i n ­
volved in  th i s  p rocess  [pp. 26 -27].
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When, by o b se rv a t io n  o f  th e  behav io r  desc r ib ed  by P earce ,  d e l iv e ry  

seemed imminent, the  ewe was confined  in  a small pen measuring ap­

p rox im ate ly  4 f e e t  by 8 f e e t .  When the  lamb was born , i t  was im­

m e d ia te ly  tak en  from the  ewe, g iven  s ta n d a rd  t rea tm e n ts  as d esc r ibed  

in th e  next parag raph , and r e tu rn e d  to  th e  ewe in  the pen. As much 

u n ifo rm ity  as p o s s ib le  was m ain ta ined  in  terms of q u a n t i ty  and q u a l i ty  

of m othering among th e  s u b je c t s .

As soon as th e  lamb was co m ple te ly  out o f  the  b i r t h  c a n a l ,  i t  

was taken  to  the l a b o ra to ry .  I t  was rubbed w ith  a b u r la p  c l o th ;  

s t a r t i n g  a t  th e  snou t and head and working along the  e n t i r e  body to  

the an a l  a re a .  The anus was massaged fo r  about 30 seconds w i th  the  

ba re  hand coated  w i th  m inera l o i l .  This rubbing and massaging s im u la te  

the  m o th e r 's  c h a r a c t e r i s t i c  p a t t e r n  o f  l i c k in g  th e  in f a n t .  I t  is  be­

l iev ed  th a t  th e  m o th e r 's  l i c k in g  (and th e  la b o ra to ry  trea tm e n t  d esc r ib ed )  

se rve  no t o n ly  the  purpose  of c le a n in g  and d ry ing  the  newborn lamb bu t 

a re  a l s o  im portan t i n  g e t t in g  th e  p ro cess  of e l im in a t io n  (of both  u r in e  

and f e c e s )  s t a r t e d .  Follow ing t h i s ,  th e  lamb was weighed and i t s  

tem pera tu re  taken  w ith  an anal therm ometer. The um bilicus  was trimmed 

and p a in te d  w ith  iod in e  to  p rev en t in f e c t i o n  and th e  lamb was g iven  an 

i d e n t i f i c a t i o n  c o l l a r .

Three ounces of co lostrum  taken  from th e  lamb's mother or 

ano ther  newly l a c t a t i n g  ewe were g iven  th e  lamb in  a n ipp led  b o t t l e  

as soon as (but not b e fo re )  the  lamb was a b le  to  s tand  on i t s  f e e t .  

Denying the  lamb any nourishm ent u n t i l  i t  i s  a b le  to  s tan d  is  c o n s i s te n t  

w ith  the  trea tm e n t  th e  lambs would r e c e iv e  from t h e i r  own ewe-mothers 

( P a t t e r s o n ,  1965, p. 3 4 ) .  A f te r  th e  c o lo s t ru m  fe ed in g ,  the  lambs were
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g iv en  an i n t r a p e r l t o n e a l  in j e c t io n  o f  e i t h e r  magnesium pemoline, 

th y ro x in e ,  or t r a g a c a n th  ( in  the case of the c o n t ro l  an im a ls ) .  With­

i n  15 minutes a f t e r  the  drug in j e c t i o n ,  the  wool was shaved from the  

m iddle j o i n t  o f  one o f  th e  hind le g s  and a blood sample drawn from the 

long saphenous v e in .  The lamb was then  re tu rn e d  to  i t s  mother; both 

mother and lamb remained in  the i s o l a t i o n  pen fo r  th e  d u ra t io n  of 

t h e i r  p a r t i c i p a t i o n  in  the  experiment.

S u b je c t s  w ere  a s s ig n e d  by sequence  o f  b i r t h  to  one o f  t h r e e

gro u p s :  a magnesium pemoline group, a thyrox ine  group, or a c o n t ro l

g ro u p .  I t  was in te n d e d  t h a t ,  near th e  end o f  th e  lam bing p e r io d ,  group

a s s ig n in g  would be a l t e r e d  to  get an equal number o f  males and females

i n  each group. However, t h i s  ad ju s tm en t  was n o t  needed b e c au se  eq u a l

numbers of males and females (w ith in  one lamb) were found to  have been

p la c e d  in  each g roup by th e  o r i g i n a l  s e q u e n t i a l  s e l e c t i o n .  However,

an excep tion  was made to  the  group placement r o u t i n e  in  th e  case of

double  and t r i p l e  b i r t h s .  Following the p r a c t i c e  o f  Baumgold (1967),

s i b l i n g s  in  s e t s  of tw ins and t r i p l e t s  were a ss ig n ed  to  the  same group.

Baumgold e x p la in e d  th e  r a t i o n a l e  f o r  t h i s  method o f  a s s ig n m en t :

This was done in  o rder  to  minimize the  dominance v a r i a b le .  There 
i s  some da ta  to  sugges t  th a t  upon b i r t h  one member of a s e t  of 
twins can become dominant over th e  o th e r  (H ersher,  Richmond, & 
Moore, 1963; B la u v e l t ,  1959). I t  is  q u i te  p o s s ib le  t h a t  th i s  
dominance f a c t o r  would produce d i f f e r e n t i a l  e f f e c t s  in  the  age 
a t  which v i s u a l  depth  p e rce p tio n  is  d isp la y e d .  Had members o f  a 
s e t  o f  twins been ass igned  to  d i f f e r e n t  t r e a tm e n t  groups,' i t  i s  
p o s s ib le  t h a t  t h i s  dominance f a c to r  would have c o n t r ib u te d  to 
th e  between-groups v a r ia n c e ;  i n f l a t i n g  t h i s  measure s p u r io u s ly .  
Thus, both tw ins were always ass igned  to  the  same trea tm en t 
group, and any e f f e c t s  of th e  dominance f a c t o r  c o n t r ib u te d  only 
to  the  w ith in -g ro u p s  v a r ia n ce  [p . 34].



45

Experim ental Design 

During th e  experim ent, the  experim enta l day was d iv ided  in to  

segments o f  fo u r  hours each beginning  a t  8 :00  a .  m ., noon, 4 :0 0  p . m ., 

8 :00 p. m ., m idn igh t,  and 4 :0 0  a. m. r e s p e c t iv e l y .  When born, each 

lamb was g iven  i t s  ass igned  trea tm e n t as d e sc r ib e d  in the  p reced ing  

s e c t io n  and th e n  te s t e d  on the  v i s u a l  c l i f f  a t  th e  next o ccu rr in g  time 

p e r io d .  Each lamb was then t e s t e d  on th e  v i s u a l  c l i f f  a t  every  succeed­

ing t im e  p e r io d  u n t i l  t h a t  lamb e x h ib i te d  th e  c r i t e r i o n  avoidance r e ­

sponse . Follow ing th e  c r i t e r i o n  re sp o n se ,  a second blood sample was 

immediately tak en  from the lamb. The lamb and i t s  mother were then r e ­

turned to  the  f lo c k  in  the p a s tu r e .  Between v i s u a l  c l i f f  t e s t s ,  the 

lambs were k ep t  w ith  t h e i r  mothers in  the sm all  pens.

The V is u a l  C l i f f

The v i s u a l  c l i f f  appara tu s  used in  t h i s  s tudy  was the  same as

th a t  used by L i t t l e  (1966) and Baumgold (1967). The outer s t r u c t u r e

of th e  ap p ara tu s  was e s s e n t i a l l y  a l a rg e  box measuring 73 1/2 inches

h igh  by 46 inches  long by 31 inches  w ide. The la rg e  su rfaces  of the

e n c lo su re  were made of 3/4 inch plywood w ith  an o u te r  r e in fo r c in g

s t r u c t u r e  of 2" by 4" wooden s to ck .  A ll  inne r  and ou te r  s u r fa c e s  were

p a in te d  w ith  f l a t  b la c k  enamel to  minimize s t r a y  l i g h t  and g l a r e .  L i t t l e

d esc r ib e d  th e  appara tu s  thus :

The top o f  the  appara tus was f i t t e d  w ith  a 17" x 31" hinged 
f l a p  through which the lamb was p laced  onto a p la tfo rm . The 
hinged f l a p  was edged w ith  rubber s t r i p s  to  e l im ina te  a l l  e x ­
t e r n a l  sou rces  o f  l i g h t .  The g la ss  s u r f a c e  u t i l i z e d  fo r  the  
t e s t  s i t u a t i o n  measured 44 3 /4 "  x 29 7 /16" and was f i t t e d  in to  
s l o t t e d  grooves to  e l im in a te  cues. From th e  su rface  o f  th e  g la ss  
to  the  i n s i d e  top of the appara tus  measured 24", while beneath  
t h i s  was a 48" s im ulated drop. The g la s s  p la tfo rm  onto which
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the lamb was in troduced  through th e  top  measured 29 7/16"
X 12". D i r e c t ly  benea th  the g la s s  s u r fa c e  o f  the p la tfo rm  
was f i t t e d  w ith  a ( s i c )  red  and w hite  1 1 /2"  checkerboard 
c o t to n  m a te r ia l  which dropped from the f r o n t  edge o f  the 
p la tfo rm  p e rp e n d ic u la r  to  th e  bottom o f  the  ap p a ra tu s .  From 
th a t  p o in t  i t  was f lu s h  on the  bottom to th e  end o ppos ite  
the p la tfo rm . The p la t fo rm  was l ig h te d  from beneath  by two 
vending machine f l o r e s c e n t  l i g h t s .  A f te r  being  p laced  on 
the i n t e r i o r  p la t fo rm ,  the lambs were observed through 
tape red  peepholes in  the  end opp o s ite  the p la tfo rm  ( L i t t l e ,
1966, pp. 38-39).

Lambs were lowered through the  ha tch  in  the top of the appara tus  

on to  the  "p la tfo rm "  s e c t i o n  o f  the g la s s  p l a t e .  O rd in a r i ly ,  neonate 

lambs w i l l  i n i t i a l l y  move about f r e e l y  on the g la s s  p l a t e  over the 

v i s u a l  c l i f f ,  ex p lo r in g  the  w a l l s  o f  the  en c lo su re  w ith  no observab le  

reg a rd  fo r  the apparen t drop benea th  them. At the time o f  avoidance 

response  the  lambs, when p laced  on the  g la s s ,  r e fu s e  to  move beyond 

the  edge o f  the p la tfo rm  and they  e x h i b i t  a c h a r a c t e r i s t i c  "back­

p e d a l l in g "  motion w ith  s t i f f  fo re le g s  and curved hind legs  in  an ap­

p a re n t  e f f o r t  to  move f a r t h e r  from th e  edge o f  the  c l i f f .  When a 

lamb remained on the  p la t fo rm  fo r  th r e e  minutes w ith o u t p la c in g  e i t h e r  

o f  i t s  f r o n t  hooves beyond the edge of the  apparen t d rop , i t  was con­

s id e re d  th a t  the c r i t e r i o n  avoidance response  had been a t t a in e d .

The age a t  which th e  c r i t e r i o n  re s p o n s e  was f i r s t  e l i c i t e d  was 

r e c o rd e d  in  terms o f  number o f  t r i a l s  to  c r i t e r i o n .  This  was th e  m easu re ­

ment used  as p a r t  o f  th e  d a ta  f o r  t h i s  s tu d y .

Drugs

Abbott L a b o ra to r ie s ,  North Chicago, I l l i n o i s ,  who manufacture 

magnesium pemoline ( a ls o  i d e n t i f i e d  as C y le r t  and Abbott 30400) su p p lie d  

l i t e r a t u r e  on dosages they  had found e f f e c t i v e  in  r a t s ,  guinea p igs  and 

humans. In a l l  c a se s ,  they  had found doses as low as 10 mg/kg o f  body
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w eight to  be e f f e c t i v e .  However, s in c e  they  a l s o  r e p o r te d  th a t  t r i p l e  

t h a t  amount had produced n e g l ig ib l e  t o x i c i t y  in  r a t s  and s ince  i t  had 

been r e p o r te d  by Baumgold (1967) t h a t  lambs do no t  respond to  some 

drugs as r e a d i l y  as do r a t s ,  i t  was decided to  use an experim ental dose 

o f  15 mg/kg o f  body w eigh t in  t h i s  s tudy .

The dosage used by Schapiro  and Norman (1966) was adopted fo r  

th e  th y ro x in e  group o f  t h i s  s tudy .  Thus the lambs in  the thyroxine 

group re c e iv e d  the  p repared  drug a t  1 ^g /gram  o f  body w eight.

Both drugs were p repared  in  a t r a g a c a n th  suspension  because 

magnesium pemoline does not m a in ta in  suspension  r e a d i l y  in  w ate r .  The 

c o n t ro l  animals in  t h i s  s tudy  were in je c te d  w ith  1 cc of trag acan th  

p e r  th re e  pounds of body w eigh t.  (This i s  the  same volume to body-weight 

r a t i o  used w ith  bo th  drug d o sa g e s .)  A ll  in j e c t i o n s  were done i n t r a -  

p e r i t o n i a l l y  w ith  lOcc sy r in g es  and #20 x 1 1 /2" n eed le s .

Blood P rocess ing  Procedure 

A ll  blood samples c o n s is te d  of 5 ml of blood drawn from the 

long saphenous ve in  a t  the  second j o i n t  of the h ind le g .  The samples 

were drawn w ith  #20 x 1 1 /2"  need les  which, as w e l l  as the  lOcc 

s y r in g e s ,  had been r in s e d  w ith  h e p a r in .  The blood samples were ex­

p re ssed  in to  c e n t r i f u g e  tubes  t h a t  had been s tan d in g  in  beakers of 

w a te r  and cracked i c e .  The c e n t r i f u g e  tubes c o n ta in in g  the blood were 

k ep t in  th e  icew a te r  f o r  f iv e  m inutes. The samples were then put in to  

a c e n t r i f u g e  and spun fo r  15 minutes a t  2 ,500 RPM. The c l e a r  plasma 

was then  drawn from the  c e n t r i f u g e  tubes w ith  a p i p e t t e .  The serum 

was expressed  from th e  p i p e t t e  in to  5cc g la ss  v i a l s  which were p laced



48

in  a beaker of ace tone  and f i n e l y  chipped dry  ice .  This f ro z e  in  the 

v i a l s  alm ost in s ta n ta n e o u s ly .  The v i a l s  were la b e l l e d ,  p laced  in  w ire  

ra c k s ,  and s e t  in  a f r e e z e r  which kep t them a t  a tem pera tu re  o f  zero  

degrees f a h r e n h e i t .

The F luorom etr ic  Assay 

The f lu o ro m e tr ic  assay  fo r  plasma h y d ro c o r t i so n e  was accomplished 

by Dr. B. E. E le f th e r io u  and h i s  a s s i s t a n t s ,  R. L. Norton and M. L. 

P a t t i s o n  in  the la b o r a to r i e s  of the Department of Endocrinology a t  Kansas 

S ta t e  U n iv e r s i ty ,  Manhattan, Kansas. The plasma samples were t r a n s ­

ported  to  Dr. E l e f t h e r i o u 's  la b o ra to ry  by autom obile  in  s tyrofoam  s o f t  

d r in k  co o le r s  packed w ith  f i n e l y  cracked d ry  ic e .  The assay  was a c ­

complished w ith  the  p rocess  d esc r ib e d  by Rudd (1963).

1. P ip e t t e  one ml plasma in to  a 15 ml c e n t r i f u g e  tube . Add
0.1 ml o f  0.25 N NaOH and 5 .0  ml o f  methylene c h lo r id e  and 
shake g e n t ly  fo r  15 sec .  C en tr i fu g e  5 min. a t  1500 g.

2. Remove to p  la y e r ,  t r a n s f e r  4 .0  ml o f  bottom la y e r  to  a
c le a n  c e n t r i f u g e  tube and ev ap o ra te  under N itrogen .

3. Add 0.5 ml EtOH and mix; and 1.5 ml H 0 and remix.

4. E x t ra c t  aqueous phase 2x w ith  10 ml carbon t e t r a c h l o r i d e  
and d is c a rd  the  lower 0014 la y e r .  C en tr ifu g e  a t  1500 g 
fo r  5 min.

5. T ra n s fe r  1.5 ml of the  aqueous phase to a 15 ml c e n t r i f u g e
tu b e .  Add 7 .5  ml methylene c h lo r id e  and shake fo r  15 sec .
C e n tr ifu g e  fo r  5 min. a t  1500 g .

6. T ran sfe r  5 ml o f  the  methylene c h lo r id e  to  a c le a n  15 ml 
c e n t r i f u g e  tube .  Add 1 ml o f  e t h a n o l ic - s u lp h u r ic  ac id  
(reag en t added) and shake f o r  15 sec .

7. L e t  the e x t r a c t  s tand  fo r  1-2 min. to  allow s e p a ra t io n .
The upper methylene c h lo r id e  la y e r  is  removed by s u c t io n .

8. T ran s fe r  to c u v e t ts  and read in  f lu o ro m ete r .
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Samples were read a t  l e a s t  tw ice  (on d i f f e r e n t  occas io n s)  to  a s su re  a c ­

curacy o f  the  f lu o ro m e tr ic  r e a d in g s .  The read ings  (which ranged from 

0.3 to  5 .0 )  were th e n  used to  c a l c u l a t e  a s tandard  curve by means of 

a le a s t - s q u a r e s  r e g re s s io n  l i n e .  The s tandard  curve then was used to 

t r a n s l a t e  the  f lu o ro m e tr ic  read in g s  in to  ^ g  h y d ro co r t iso n e  per  ml plasma.



CHAPTER IV

RESULTS

The f i r s t  hypo thesis  t e s t e d  was th a t  lambs ad m in is te re d  magnesium 

pemoline w i l l  e x h ib i t  avoidance behav io r  on the  v i s u a l  c l i f f  e a r l i e r  In 

l i f e  than  w i l l  c o n t ro l  lambs. Each lamb was p laced on th e  v i s u a l  c l i f f  

app a ra tu s  a t  the nex t scheduled t e s t i n g  p er iod  fo l lo w in g  i t s  b i r t h  

and a l l  lambs were te s te d  every  four hours from t h a t  time u n t i l  the  

c r i t e r i o n  avoidance response  was seen . The means and s ta n d a rd  d ev ia ­

t io n s  based on numbers o f  t r i a l s  r e q u ire d  by the  lambs b e fo re  e x h i b i t ­

ing th e  c r i t e r i o n  response  a re  shown fo r  a l l  groups In Table 1. The 

v a r ia n c e s  In terms o f  numbers o f  t r i a l s  to  c r i t e r i o n  fo r  b o th  drug 

groups and fo r  the  c o n t ro l  group were t e s t e d  by th e  Cochran method de­

s c r ib e d  In Winer (1962, p. 94). Using the  th re e  t re a tm e n t  groups 

(k = 3) and w ith  19 degrees  o f  freedom, a C of .417 was o b ta in ed  In ­

d ic a t in g  th e  v a r ia n ces  to  be homogeneous. Though th e  d a ta  were based 

on equal I n te rv a l s  o f  c lo ck  h o u rs .  I t  was f e l t  t h a t  th e se  I n te r v a l s  

cannot be sa id  to  r e p r e s e n t  equal p e r io d s  of development In  the  animal.

Put d i f f e r e n t l y .  I t  cannot be assumed th a t  th e  animal changes th e  same 

amount from the 4 th  to  th e  8 th  hours o f  l i f e  as I t  d id  from b i r t h  to  

th e  4 th  hour of l i f e .  T h e re fo re ,  the  o b ta ined  d a ta  fo r  t h i s  measure 

are no t based on an e q u a l - I n t e r v a l - s c a l e  and do no t r e p r e s e n t  a normal 

d i s t r i b u t i o n .  For the se  r e a so n s ,  the da ta  were p rocessed  by nonparam etrIc 

methods. A K ruska l-W allls  a n a ly s i s  o f  v a r ia n c e  (S ie g e l ,  1956, pp. 184-94)

50



51

TABLE 1

MEANS AND STANDARD DEVIATIONS BASED ON NUMBERS 
OF TRIALS REQUIRED BY THE LAMBS BEFORE 

EXHIBITING THE CRITERION RESPONSE ON THE VISUAL CLIFF

(N = number o f  lambs per group)

Group N Mean 0“

Mag Pem 20 5.65 4 .31

ThyroxIne 12 9.25 5.45

C ontro l 17 8 .00 4 .7 9

TABLE 2

MEANS AND STANDARD DEVIATION OF MICROGRAMS 
HYDROCORTISONE PER ml OF BLOOD PLASMA FOR EACH 

DRUG GROUP UNDER THE TWO EXPERIMENTAL CONDITIONS

(N = number of lambs in  each group)

Group N
Before

Avoidance
A fte r

Avoidance 0"

Mag Pem 12 1.90 0.85 3.53

Thyroxine 12 2.05 1.06 5.59

Contro l 14 0.83 1.86 2 .68
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was used to  t e s t  fo r  s ig n i f i c a n c e  of v a r ia n c e  d i f f e re n c e s  between 

groups. With t h i s  method, a t  two degrees  of freedom, a ch i  square 

v a lu e  of 6 .85 was ob ta ined  which in d i c a te s  d i f f e r e n c e s  of v a r ia n ce  

w ith  a p r o b a b i l i t y  o f  l e s s  than .05 a lpha e r r o r  (two t a i l e d ) .  Follow­

ing t h i s ,  the  Mann-Whitney-U Test (S ie g e l ,  1956, pp. 116-127) was used 

to  determ ine whether th e re  was a s i g n i f i c a n t  d i f f e r e n c e  between t r i a l s  

to  c r i t e r i o n  fo r  th e  magnesium pemoline group and the  c o n t ro l  group.

With th i s  method, a t  17 and 20 deg rees  o f  freedom, a U o f 101.0 

was ob ta ined  which shows a d i f f e r e n c e  in  the  p re d ic te d  d i r e c t io n  a t  

th e  .025 le v e l  o f  s ig n i f i c a n c e  (one t a i l e d ) .  Thus the  f i r s t  hypo thesis  

was supported , the  group of lambs a d m in is te re d  magnesium pemoline r e ­

q u ired  fewer t r i a l s  (5 .65 )  to  c r i t e r i o n  than  d id  the  lambs in  the con­

t r o l  group (8 .0 0 ) .

The second hyp o th es is  was t h a t  lambs adm in is te red  thyrox ine  

would e x h ib i t  th e  c r i t e r i o n  avoidance response  on the  v i s u a l  c l i f f  in  

fewer t r i a l s  than  c o n t ro l  s u b je c t s .  Table 1 shows th a t  the  mean number 

of t r i a l s  to  c r i t e r i o n  i s  la rg e r  fo r  th e  th y rox ine  group (9 .25 )  than 

fo r  the c o n t ro l  group (8 .0 0 ) .  Using the  Mann-Whitney-U T es t ,  w ith  12 

and 17 degrees o f  freedom, a n o n - s ig n i f i c a n t  U of 90.5 was ob ta ined .

T h is  U s c o r e  i n d i c a t e s  t h a t  th e  d i f f e r e n c e  in  means between th e s e  two 

groups i s  n o t  s i g n i f i c a n t .  Thus th e  second h y p o th e s i s  was n o t  sup ­

p o r te d ,  th e  d i f f e r e n c e  i n  means be tw een  th e  t h y ro x in e  and c o n t r o l  

groups was in  a d i r e c t i o n  opposed to  th e  p r e d i c t e d  one though the 

d i f f e r e n c e  i s  n o t  a t  a s i g n i f i c a n t  l e v e l .

The t h i r d  h y p o th e s i s  was t h a t  lambs would have a h ig h e r  r e l a t i v e  

l e v e l  o f  h y d r o c o r t i s o n e  in  th e  b lo o d  plasm a a f t e r  they  had e x h ib i te d  th e
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c r i t e r i o n  avoidance response  on the v i s u a l  c l i f f  than b e fo re  they  had 

e x h ib i te d  the avoidance response . Table 2 shows the  means and s tandard  

d e v ia t io n s  in  micrograms of h y d ro co r t iso n e  per ml o f  blood plasma for 

each drug group under the two experim en ta l c o n d i t io n s  (befo re  and a f t e r  

c r i t e r i o n  resp o n se ) .  The da ta  fo r  t h i s  p a r t  of the experiment were 

ob ta ined  by convert ing  read ings from the  f luorom eter  to  micrograms o f  

h y d ro co r t iso n e  by means of a l e a s t  squares  r e g re s s io n  curve. Since 

th e se  d a ta  may be considered  to  r e p r e s e n t  an e q u a l - i n t e r v a l - s c a l e  and 

s in c e  they  were taken from c o r r e l a te d  (befo re  and a f t e r )  sam ples, the 

t  ( " S tu d e n t 's " )  s t a t i s t i c  (Winer , 1962, pp. 31-32) was used fo r  d e t e r ­

mining le v e l s  of s ig n i f i c a n c e .  Using th i s  s t a t i s t i c  w ith  the two ex­

p e r im e n ta l  co n d i t io n s  fo r  the c o n t ro l  group, w ith  12 degrees of freedom, 

a t - s c o r e  of 1.62 was ob ta ined  which in d ic a te s  a d i f f e r e n c e  in  means in  

the  p re d ic te d  d i r e c t io n  a t  the  .05 l e v e l  o f  s ig n i f i c a n c e  (one t a i l e d ) .

The same s t a t i s t i c  app lied  to the  two experim enta l co n d i t io n s  fo r  the  

magnesium pemoline group rendered ,  w i th  10 degrees o f  freedom, a t - s c o re  

o f  .38 which is  not s i g n i f i c a n t .  Applied to  th e  two experim en ta l con­

d i t io n s  fo r  the  thyrox ine  group, th e  s t a t i s t i c ,  w ith  9 degrees o f  freedom, 

gave a t - s c o r e  o f  .15 which a lso  in d i c a te s  th e  d i f f e re n c e  to  be below 

a s i g n i f i c a n t  le v e l .  Thus the  t h i r d  hyp o th es is  was p a r t i a l l y  supported  

in  th a t  the  lambs in  the  c o n t ro l  group had s i g n i f i c a n t l y  more hydro­

c o r t i s o n e  in  the  blood a f t e r  e x h ib i t i n g  the avoidance response  than be­

f o re .  However, the lambs in  both  drug groups did no t have s i g n i f i c a n t l y  

d i f f e r e n t  le v e ls  of h y d ro co r t iso n e  in  t h e i r  blood a f t e r  e x h ib i t i n g  the  

c r i t e r i o n  response. From Table 2 i t  may be seen  th a t  the means of m icro­

grams o f  h y d ro co r tiso n e  were lower fo r  bo th  drug groups a f t e r  the  d is p la y
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o f  th e  av o id an ce  r e s p o n s e  th a n  b e f o r e ,  which i s  c o n t r a r y  to  th e  p r e ­

d i c t i o n  made. However, th e  v e ry  l a r g e  v a r i a n c e s  among th e  d rug  group 

blood  sam ples  caused  th e  s t a t i s t i c a l  t r e a tm e n t  to  g iv e  r e s u l t s  below 

s i g n i f i c a n t  l e v e l s .

F u r th e r  c o n s id e r a t io n  o f  th e  d a ta  in  Table 2 shows t h a t  the  mean 

le v e l  o f  h y d ro c o r t i so n e  was c o n s id e ra b ly  h ig h e r  in  bo th  drug groups than 

in  the c o n t ro l  group b e fo re  the  c r i t e r i o n  response  was observed . The 

blood samples from which th e se  d a ta  were taken  were drawn from the  lamb 

during  i t s  f i r s t  hour of l i f e  and w i th in  15 minutes a f t e r  the  adminis­

t r a t i o n  o f  e i t h e r  th e  drug or t r a g a c a n th .  A K ruska l-W allis  a n a ly s is  

of v a r ia n c e  was done on the h y d ro c o r t iso n e  le v e l  d a ta  from samples taken 

be fo re  c r i t e r i o n  re sp o n se  fo r  each group. With t h i s  s t a t i s t i c  from 

these  d a ta ,  a t  two degrees  of freedom, a c h i  square  v a lu e  of .42 was 

ob ta ined .  This is  below s i g n i f i c a n t  l e v e l s .  Table  2 a l so  shows th a t  

the  mean le v e l s  o f  h y d ro c o r t iso n e  were lower f o r  bo th  drug groups than 

fo r  c o n t ro l s  in  th e  samples taken  a f t e r  th e  lambs had e x h ib i te d  the 

c r i t e r i o n  re sp o n se .  A K ru sk a l l-W a ll i s  a n a ly s i s  o f  v a r ia n c e  o f  the  

le v e l s  of h y d ro c o r t i so n e  from samples drawn a f t e r  the  c r i t e r i o n  r é ­

ponse for the  drug and the  c o n t ro l  groups gave, w ith  two degrees  of 

freedom, a c h i  square  v a lu e  o f  .83 which i s  a l so  lower than s i g n i f i c a n t  

l e v e l s .  Though s ig n i f i c a n c e  was no t ob ta ined  in  the  s t a t i s t i c a l  pro­

c e s s in g  of th e  s t e r o i d  d a ta  ac ro s s  drug groups fo r  the  two experim ental 

t re a tm e n ts ,  the  d a ta  sugges t the s t ro n g  p o s s i b i l i t y  of i n t e r a c t i o n  b e ­

tween drugs and th e  age v a r i a b l e .  I t  appears  t h a t  the  a d m in is t r a t io n  

o f  bo th  drugs was fo llow ed w i th in  minutes by an in c re a s e  in  th e  hydro­

c o r t i s o n e  le v e l  in  the b lood. I t  i s  p o s s ib le  th a t  bo th  magnesium
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pemoline and thyrox ine  brought about the e f f e c t  of changing the en­

d o c r in e  ba lan ce  in  the  lambs. I f  th i s  were th e  case , i t  i s  p o s s ib le  

t h a t  the hom eosta tic  mechanisms o f  the  endocrine  system brought about 

th e  lowered le v e l  o f  h y d ro co r t iso n e  found in  the  drug groups a f t e r  they 

had d isp la y ed  the  c r i t e r i o n  v i s u a l  c l i f f  re sp o n se .  I f  th e se  endocrine 

changes had an e f f e c t  on the  tim e a t  which the  lambs showed the  c r i t e r i o n  

c l i f f  response ,  magnesium pemoline a p p a re n t ly  hastened  th e  onset of 

v i s u a l  depth  p e rc e p t io n  b u t th y ro x in e  a p p a re n t ly  did n o t .

Tab le  3 shows the  mean number o f  hours from b i r t h  to avoidance 

of th e  v i s u a l  c l i f f  fo r  a l l  lambs not ad m in is te red  drug or experim ental 

trea tm e n t  in  the  s tu d ie s  o f  P a t t e r s o n  (1965), L i t t l e  (1966), Baumgold 

(1967) and fo r  the  c o n t ro l  group in  the  p re s e n t  s tudy . As n e a r ly  as 

p o s s ib le ,  the lambs and t h e i r  mothers involved w ith  th e se  da ta  were 

t r e a te d  a l i k e  in  a l l  r e s p e c t s .  The mean number o f  hours to  c r i t e r i o n  

is  co n s id e ra b ly  g r e a te r  fo r  th e  p re s e n t  s tudy  than  fo r  any of th e  o th e r  

th r e e  s tu d i e s .  I t  may be th a t  th e re  is  a tren d  toward in c re a s e  of the 

mean in  each succeeding  y e a r .

Table 4 shows the  p e rc e n t  o f  b i r t h s  t h a t  involved m u l t ip le  de­

l i v e r i e s  f o r  the  lambing season o f  each o f  th e  s tu d ie s  c i t e d  in  the 

above paragraph . Though the  lambing fo r  th e  p re sen t  s tu d y  was the only 

one in  which t r i p l e t s  were bo rn ,  th e re  was a sm aller  p e rcen tag e  of 

m u l t ip le  b i r t h s  d u r in g  th e  lambing fo r  th e  p re se n t  s tu d y  than f o r  any 

o f  the  o th e rs  in  t h i s  s e r i e s .
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TABLE 3

MEAN NUMBER OF HOURS TO CRITERION. 
RESPONSE FOR CONTROL GROUPS OF THE 

FOUR STUDIES IN THIS SERIES

Study Number in  Group Mean number of Hours

P a t t e r s o n  (1965) 26 4.77

L i t t l e  (1966) 5 5 .80

Baumgold (1967) 11 7.08

Skinner (1968) 17 32.00

TABLE 4

PERCENTAGE OF BIRTHS INVOLVING 
MULTIPLE DELIVERIES IN THE 

FOUR STUDIES IN THIS SERIES

Study
B ir th s  Involv ing  

T o ta l  B ir th s  Twins or T r ip le t s
Percen t o f  

M u ltip le  B ir ths

P a t te r s o n  (1965) 55 27 49

L i t t l e  (1966) 43 18 42

Baumgold (1967) 41 20 49

Skinner (1968) 49 19 39



CHAPTER V

DISCUSSION

Some o f  the  r e s u l t s  o f  t h i s  s tudy  lend support to  p rev ious  f in d ­

ings ,  p a r t i c u l a r l y  those  showing th a t  drugs can a l t e r  the  time o f  oc- 

curance of c r i t i c a l  periods  and those  p o s tu l a t i n g  a r e l a t i o n s h i p  between 

c r i t i c a l  pe r iods  and emotion. In  a s p e c i f i c  sense  however th i s  s tudy  

was no t a r e p l i c a t i o n  of any known experim ents and i t s  r e s u l t s  a r e  

th e r e f o r e  g e n e ra l iz a b le  to  some new in f e r e n c e s .  Perhaps t h i s  s tu d y ’s 

g r e a t e s t  va lu e  l i e s  no t in  what ideas  i t  d id or d id  no t  support b u t  in  

th e  g r e a t  number of q u es tio n s  t h a t  a r i s e  from o b se rv a t io n s  o f  phenomena 

among the d a ta  - -  phenomena t h a t  were no t expected nor planned fo r  in

th e  o r ig i n a l  des ign .  C e r t a in ly ,  the  s tu d y  r a i s e s  more q u es t io n s  than

i t  answers.

E f fe c ts  o f  Drugs on th e  Sub'jects 

As mentioned e a r l i e r ,  Baumgold's (1967) s tudy  may be th e  only 

one p re d a t in g  th i s  s tudy  in  which the  e f f e c t s  o f  drugs were observed on 

lambs. Berger (1957) and Ross & Carr (1962) have been c i te d  by Baum­

gold (1967, p. 39) as in d ic a t in g  t h a t  s p e c ie s  d i f f e r  c o n s id e ra b ly  in  the

amounts of drugs they  r e q u i r e  fo r  the  p ro d u c t io n  o f  s p e c i f i c  e f f e c t s .  

A lso , the blood chem is try  d i f f e r s  from sp e c ie s  to  s p e c ie s .  This i s  

dem onstrated  by th e  f a c t  t h a t  the  major (most p l e n t i f u l )  plasma 

g lu c o c o r t ic o s te r o id  is  c o r t i s o l  in  th e  h o rse  (Z olovick , Upson, &

57



58

E le f th e r io u ,  1965), c o r t i s o n e  in th e  c a t f i s h  (Boehlke, Church, T iem eier, 

& E le f th e r i o u ,  1965), and c o r t i c o s t e r o n e  in  the  r a t  (Haltmeyer, Denen- 

berg ,  T hatcher,  & Zarrow, 1966). Thus i t  is  ag a in  po in ted  out t h a t  

g e n e r a l i z a t i o n  o f  the  behavior o f  one s p e c ie s  cannot be made beyond 

th a t  p a r t i c u l a r  sp ec ie s  u n t i l  th e  same behav io r  is  observed in  a g r e a t  

number of s p e c ie s .  To th a t  end, i t  is  hoped th a t  th is  s tudy  w i l l  jo in  

t h a t  o f  Baumgold in  expanding th e  g e n e r a l i z a t io n  of s e v e ra l  n o t io n s  

growing from the  v a s t  r e s e a rc h  done w ith  r a t s ,  p a r t i c u l a r l y  in  terms o f  

drug e f f e c t s  (as w e ll  as v i s u a l  p e rc e p t io n  phenomena).

Data from the s u b je c t s  a d m in is te re d  magnesium pem oline .

The f i r s t  h y p o th e s is  o f  t h i s  s tudy  was supported , showing th a t  

lambs adm in is te red  magnesium pemoline reach  a c e r t a in  c r i t i c a l  per iod  

e a r l i e r  than lambs who have not r e c e iv e d  the  drug - -  a c r i t i c a l  period  

d u r in g  which v i s u a l  depth p e r c e p t io n  a p p a re n t ly  begins to  se rv e  the  

anim al in  a l e r t i n g  i t  to  th e  danger o f  h e ig h t s .  Most o f  th e  p rev ious  

s tu d ie s  in v o lv in g  th e  use o f  magnesium pemoline w ith anim als and humans 

were c i t e d  in  the  f i r s t  c h a p te r  o f  t h i s  work. The m a jo r i ty  o f  s tu d ie s  

in v o lv in g  magnesium pemoline have shown th a t  le a rn in g  o r  performance of 

one k ind  or another is  improved by th e  drug. However, the  p h y s io lo g ic a l  

or n e u ro lo g ic a l  means by which th e  drug makes its improvement i n  behav ior  

have been a m a tte r  o f  c o n t ro v e rsy  and s p e c u la t io n .

P lo tn ik o f f  (1966) p o s tu la te d  t h a t  magnesium pemoline may en­

hance le a rn in g  and memory by cau s in g  an increm ent in e i t h e r  th e  le v e ls  

o f  a n x ie ty  o r  the  l e v e l  o f  a l e r t n e s s  experienced  by th e  animal during  a 

performance s i t u a t i o n .  His experim en t,  u s in g  r a t s  as s u b je c t s ,  involved
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bo th  an a c q u i s i t i o n  ta s k  and a memory ta sk .  His r a t s  were p laced  in  a 

box in  which they were given e l e c t r i c  shock through a g r id  f l o o r .  He 

measured th e  time re q u ire d  fo r  them to  le a rn  to  jump out o f  the box to 

avoid the  noxious s t im u lus  and aga in  measured the  time re q u ire d  fo r  them 

to leave the  box 24 hours  l a t e r  when no shock was a p p l ied .  The r a t s  ad­

m in is te re d  magnesium pemoline in  P l o t n i k o f f ' s  s tudy  lea rned  th e  i n i t i a l  

response  and r e t a in e d  th e  le a rn in g  b e t t e r  than  c o n t ro l  an im als .  Thus 

he had observed p o s i t i v e  r e s u l t s  w ith  the  drug on bo th  a le a rn in g  and 

a memory ta sk .

Glasky & Simon (1966) may have shed more l i g h t  on the  n a tu r e  o f  

magnesium pem oline 's  e f f e c t  on the  organism . By means o f  b r a in  t i s s u e  

a s sa y s ,  they  found t h a t  r a t s  a d m in is te re d  th e  drug had much h ig h e r  le v e ls  

of b ra in  n u c le ic  a c id  than did c o n t r o l s .  They a l s o  found th a t  magnesium 

pemoline b r in g s  about th e  s y n th e s is  o f  the  RNA polymerase in  b r a in  t i s s u e  

in  v i t r o .  The f in d in g  th a t  magnesium pemoline b r in g s  about an in c re a s e  

in  RNA le v e ls  i s  im portan t because RNA i s  thought to  b r in g  about p r o te in  

molecules e s s e n t i a l  to  the p rocess  o f  memory.

Beach & Kimble (1967) took a d i f f e r e n t  approach and found th a t  

r a t s  ad m in is te red  magnesium pemoline have a s h o r t e r  la te n c y  in  respond­

ing to  shock than  c o n t r o l s .  They a l s o  found th a t  magnesium pem oline 

ap p a re n t ly  f a c i l i t a t e s  a c t i v i t y  l e v e l s  and pro longs the  a c t i v i t y  r a t s  

d is p la y  in  response  to  a buzze r .  Thus, they  have a p p a re n t ly  dem onstra ted  

th a t  r a t s  a re  more a l e r t  and more re sp o n s iv e  when given th e  drug.

Frey & P o l id o ra  (1966) did a s tudy  s im i la r  to  P lo t n i k o f f ' s  in  

th a t  th e  observed response  was the avoidance of an e l e c t r i c  shock. They 

recognized  the p o s s i b i l i t y  t h a t  magnesium pem oline 's  enhancement o f  t h i s
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t a s k  might be a ccoun ted  fo r  in  terms o f  t h e  d r u g 's  p ro d u c in g  an in c re a s e d  

s e n s i t i v i t y  to  th e  shock . T h a t  i s ,  th e  e f f e c t  o f  the  d rug  would be th e  

same as i n c r e a s i n g  t h e  amount o f  e l e c t r i c  c u r r e n t  to  w hich  th e  an im als  

w ere  exposed .

In  th e  p r e s e n t  s tu d y ,  th e  d ependen t  v a r i a b l e  a s s o c i a t e d  w i th  mag­

nesium  pem oline was th e  t im e  to  developm ent o f  v i s u a l  d e p th  p e r c e p t io n  - -  

a phenomenon t h a t  p resum ab ly  i s  n o t  in v o lv e d  w i th  e i t h e r  l e a r n in g  or 

memory. Th is  does n o t  seem to  r u l e  o u t  any o f  t h e  h y p o t h e t i c a l  e f f e c t s  

o f  magnesium pem oline  p o s t u l a t e d  w i th  th e  p re v io u s  s t u d i e s .  The d e v e lo p ­

m en ta l  change o b se rv e d  seems u n r e l a te d  to  F r e y 's  & P o l i d o r a ' s  n o t io n  

t h a t  th e  d rug  may i n c r e a s e  t h e  a n im a l 's  s e n s i t i v i t y  to  e l e c t r i c  c u r r e n t .  

However, t h e r e  i s  no ground on which o b s e r v a t io n s  from t h e  p r e s e n t  s tu d y  

c o u ld  ta k e  c re d e n c e  from th e  h y p o th e s i s  o f  Frey & P o l id o r a .

In each of th e  s tu d ie s  in the s e r i e s  th a t  led to  the p resen t  

s tu d y ,  the  e a r ly  ex p e r ien ce  o f  the lamb was found to have e s s e n t i a l  

b e a r in g  on the  age a t  which th e  c r i t e r i o n  response was e x h ib i te d  on th e  

v i s u a l  c l i f f .  P a t t e r s o n  (1965) concluded th a t  th e  m other-neonate i n t e r ­

a c t io n  led to  e a r ly  avoidance of th e  c l i f f  and th a t  lambs deprived of 
y'

t h e i r  mothers avoided the c l i f f  a t  a l a t e r  age. L i t t l e  (1966) c a r r ie d  

t h i s  n o t io n  f u r th e r  by showing th a t  b e t t e r  q u a n t i ty  and q u a l i t y  of 

mothering produce lambs who avoid the  c l i f f  r e l a t i v e l y  e a r ly .  Baumgold 

(1967) concluded t h a t  drugs b r in g  about e i t h e r  e a r ly  o r  l a t e  c l i f f  

avoidance by caus ing  th e  m other-neonate i n t e r a c t i o n  to  be r e l a t i v e l y  i n ­

f e r i o r  or s u p e r io r .  I t  fo llow s th a t  the  more p l a u s i b l e  e x p lan a t io n  of 

r e l a t i v e l y  e a r ly  c l i f f  avoidance by lambs adm in is te red  magnesium pemoline 

would be in  terms c o n s i s t e n t  w ith  the  e a r l i e r  lamb s tu d ie s  c i t e d .  Thus,
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r e l a t i v e l y  e a r ly  development o f  v i s u a l  dep th  p e rc e p t io n  a s so c ia te d  w ith  

th e  a d m in is t ra t io n  of magnesium pemoline could  be exp la ined  in  terms 

p o s tu la t in g  th a t  the  drug f a c i l i t a t e s  th e  m other-neonate  i n t e r a c t i o n  or 

th e  lamb's response  to  the  i n t e r a c t i o n .  Follow ing t h i s  reaso n in g ,  a 

reaso n ab le  assumption would be th a t  th e  e a r l y  a d m in is t r a t io n  o f  the drug 

to  th e  newborn lamb b r in g s  about e i t h e r  an in c reased  a c t i v i t y  le v e l  or 

an increased  a l e r tn e s s  in  th e  young anim al or bo th . Thus, the  r e s u l t s  

o f  th e  p re se n t  s tudy reg a rd in g  the  e f f e c t s  o f  magnesium pemoline would 

seem to b e s t  support th e  hypotheses o f  P lo tn i k o f f  ( in c re a sed  a l e r t n e s s )  

and of Beach & Kimble ( in c re a se d  and p ro longed  a c t i v i t y  l e v e l s ) .  Nothing 

can be sa id  from a n a ly s i s  o f  the  p re s e n t  d a ta  e i t h e r  to  support or r e f u te  

the  f ind ings  of Glasky & Simon r e l a t e d  to  magnesium pem oline 's  f a c i l i t a -  . 

t i o n  of the p roduction  of RNA. C onsidering  th e  p re s e n t  f in d in g s  in  

terms o f  inc reased  a l e r tn e s s  and in c re a se d  and prolonged a c t i v i t y  le v e ls  

would seem c o n s i s te n t  w ith  th e  f in d in g  o f  most magnesium pemoline re s e a rc h  

done w ith  humans which tends to  support  the  n o t io n  t h a t  s u s ta in e d  a t ­

t e n t io n  and accuracy o f  performance a re  f a c i l i t a t e d  by th e  drug bu t l e a r n ­

ing and memory a re  not (Burns, House, Fensch, & M i l l e r ,  1967; Smith,

1967; T alland , 1966).

R esu lts  fo l low ing  th e  a d m in is t r a t io n  o f  thy ro x in e  to  lambs. In 

th e  p resen t s tudy ,  lambs adm in is te red  th y ro x in e  a t  b i r t h  f a i l e d  to  d i s ­

p lay  the avoidance c r i t e r i o n  on the  v i s u a l  c l i f f  a t  an age s i g n i f i c a n t l y  

d i f f e r e n t  from c o n t ro l  animals though th e r e  was a s l i g h t  tendency for 

the  th y ro x in e - trea ted - lam b s  to  avoid the  c l i f f  l a t e r  than c o n t ro l s  (con­

t r a r y  to  the  hyp o th es is  based on e a r l i e r  r e s e a r c h ) .  Schapiro  & Norman 

(1966) had observed th a t  the  a d m in is t r a t io n  o f  th y ro x in e  to  newborn r a t s
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w i l l  a c c e le r a te  th e  d e p o s i t io n  of b r a in  c h o l e s t e r o l ,  advance th e  age o f  

eye opening, in c re a s e  th e  spontaneous locomotor a c t i v i t y ,  and (on the 

b e h a v io ra l  l e v e l )  w i l l  advance the  age a t  which the  r a t  w i l l  respond 

b e h a v io ra l ly  to  a c u te  environm ental s t i m u l i  (shock) and in c re a se  the 

r a t ' s  a b i l i t y  to  l e a r n  a cond it ioned -avo idance  re sp o n se .  I t  is  t ru e  

t h a t  none o f  th e  developmental phenomena h e re  l i s t e d  by Schapiro  & Norman 

were d i r e c t l y  observed in  th e  p re se n t  s tu d y .  However, i t  does seem 

s u r p r i s in g  t h a t  the  la rg e  number of p h y s io lo g ic a l  and b e h a v io ra l  changes 

shown to  be f a c i l i t a t e d  by thy rox ine  were not r e f l e c t e d  in  th e  p re s e n t  

s tu d y  by r e l a t i v e l y  e a r ly  avoidance o f  th e  c l i f f .  On c lo s e r  exam ination 

o f  th e  da ta  concerned , s e v e ra l  p o s s ib le  ex p lan a tio n s  occur fo r  the  ap­

p a re n t  d isc rep an cy  between f in d in g s  in  th e  p re sen t  s tudy  r e l a t e d  to  th e  

a d m in is t r a t io n  of th y ro x in e  and th e  r e s u l t s  r e p o r te d  by Schap iro  & Norman.

I t  must be cons idered  again  t h a t  the  development of v i s u a l  depth  

p e rc e p t io n  as measured in  th e  p re s e n t  s tudy  is  no t  a p roduct of l e a r n ­

ing .  Nor i s  i t  known from a v a i la b le  da ta  whether development o f  depth 

p e rc e p t io n  is  a s s o c ia te d  w ith  b ra in  c h o l e s t e r o l ,  m y e l in iz a t io n ,  or 

m a tu ra tio n  of th e  p i t u i t a r y - a d r e n a l  s e c r e t i o n s .  T h e re fo re ,  i t  may be 

t h a t  the  p re s e n t  s tudy  measured a phenomenon no t a s s o c ia te d  w ith  any 

o f  the  phenomena observed by Schapiro  & Norman.

Another p o s s ib le  ex p la n a t io n  fo r  the  d i f f e r e n c e s  in  r e s u l t s  b e ­

tween the  two s tu d ie s  in  q u es tio n  i s  t h a t  Schapiro & Norman a d m in is te re d  

th e  same r e l a t i v e  amounts o f  th y ro x in e  to  t h e i r  r a t s  as were g iven  to  

th e  lambs bu t  Schap iro  & Norman ad m in is te red  the  p r e p a ra t io n  on th re e  

s u c c e s s iv e  days. Thus i t  i s  p o s s ib le  t h a t  the lambs in  the  p re s e n t  s tu d y  

re c e iv e d  too l i t t l e  thy rox ine  to b r in g  about any s i g n i f i c a n t  change in
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th e  age a t  which the  c r i t e r i o n  re sp o n se  was d isp la y e d .  The f a c t  t h a t  

th e  th y ro x in e - in je c te d  lambs in th i s  s tudy  showed a tendency to  avoid

th e  c l i f f  l a t e r  than c o n t ro l s  c a s t s  some doubt on t h i s  ex p lan a tio n  b u t ,

s in c e  s ig n i f i c a n c e  o f  d i f f e r e n c e  was not reached , one cannot be su re .

A t h i r d  p o s s ib le  ex p lan a tio n  fo r  the  lack  o f  p o s i t i v e  r e s u l t s  in

lambs r e c e iv in g  thy rox ine  l i e s  in  th e  t im e - la g  involved  between adm in is­

t r a t i o n  of th e  drug and p h y s io lo g ic a l  or b e h a v io ra l  changes t h a t  might 

be a t t r i b u t e d  to  i t .  Schapiro & Norman (1967) had observed th a t  some 

e f f e c t s  of th y ro x in e  in j e c t io n s  in  r a t s  do no t appear fo r  as long as 

te n  days. Because of the  n a tu re  of th e  p re s e n t  s tu d y ,  most of the  

d a ta  were c o l l e c t e d  b e fo re  the  animal were fo u r  days o ld .  Thus, i t  i s  

p o s s ib le  t h a t  the  thy rox ine  i n j e c t i o n s  given th e  lambs in  t h i s  s tudy  

could  no t have had an e f f e c t  on the  c r i t e r i o n  response  because th e re  

was i n s u f f i c i e n t  time fo r  the  th y ro x in e  to  have i t s  e f f e c t  on the  animal 

b e fo re  the  c l i f f  avoidance was seen.

A fo u r th  e x p lan a t io n  f o r  the  lack  o f  suppo rt  fo r  th e  thy ro x in e

h y p o th e s is  i s  perhaps the  s t r o n g e s t  e x p la n a t io n  o f  a l l .  Levine &

M ullins  (1966) have exp la ined  as fo llo w s :

There i s  r e c e n t  evidence t h a t  a d m in is t r a t io n  of th y ro id  hormone, 
th y ro x in e ,  to  a newborn r a t  w i l l  cause permanent hypothyro id ism  
in  the  an im al. I t  is  no t known whether t h i s  i s  a r e s u l t  o f  damage 
to  the th y ro id  i t s e l f  or o f  an a l t e r a t i o n  in  the  c e n t ra l -n e rv o u s  
system c o n t ro l  mechanisms, bu t  d i s r u p t i o n  o f  the  'h o rm o n o s ta t ' i s  
in d ic a te d  by the f a c t  t h a t  p i t u i t a r y  and blood c o n c e n tra t io n s  of 
th y r o id - s t im u la t in g  hormone a re  c o n s i s t e n t ly  low even though th e re  
is  a d e f i c i t  o f  thy rox ine .  As i s  the c a se  in  anim als su b je c te d  to  
thyroidectom y s h o r t ly  a f t e r  b i r t h ,  th e re  i s  an impairment in  both  
body growth and thy ro id  g o i t e r  responses  in  th e se  r a t s  which r e ­
ceived th y ro x in e  in  in fancy  [p .  1588].

R e la te d  to  t h i s  s ta te m e n t  by L ev in e  and M ull in s  a r e  t h e  f in d i n g s  o f  S t e i n e t z

6e Beach (1963) in  which da ta  were ob ta ined  showing th a t  h y p e r th y ro id ism  in
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r a t s  (induced by th y rox ine  a d m in is t r a t io n )  d ec rease s  the d i s t r i b u t i o n  

o f  c o r t i c o s te r o n e  and l i k e ly  d i s ru p ts  the  hypophys ea l ACTH r e le a s e  mechan­

ism. I t  thus appears th a t  the  i n j e c t i n g  o f  thyrox ine  in  animals can 

u p s e t  the  e n d o c r in a l  hom eosta tic  mechanisms in  such a way as to  cause 

an enduring  c o n d i t io n  of thy ro id  d e f ic ie n c y .  S ta te d  d i f f e r e n t l y ,  very  

e a r l y  i n j e c t i o n s  o f  thy ro id  hormone may b r in g  about subsequent th y ro id  

d e f ic ie n c y  w ith  a l l  the p h y s io lo g ic a l  and b e h a v io ra l  anomalies c o n s i s t e n t  

w i th  such a d e f ic ie n c y .  These anom alies inc lu d e  c re t in is m ,  re ta rd e d  

m a tu ra t io n  o f  many r e f l e x  a c t i v i t i e s ,  delayed m y e lin a t io n ,  l e s s - th a n -  

normal b ranch ing  o f  the  c e l l  p rocesses  in  th e  c o r te x ,  and impaired p ro ­

t e i n  s y n th e s i s .  Thus the s l i g h t  tendency f o r  the  th y ro x in e - in je c te d  

lambs in  t h i s  s tudy  to y ie ld  data  opposing the hypothesis  seems b e s t  

ex p la in ed  by th e  p o s s i b i l i t y  th a t  th e  r e s u l t s  o f  a d m in is te r in g  th y rox ine  

to  th e  lamb may be th a t  the lamb e v e n tu a l ly  becomes th y ro x in e -d e f ic i e n t .

In fe rences  Derived from S te ro id  Measures 

The t h i r d  h y po thes is  of t h i s  study was th a t  h y d ro co r t iso n e  le v e ls  

would be h ig h e r  in  lambs immediately a f t e r  they had ex h ib i ted  th e  avo id ­

ance c r i t e r i o n  on th e  v i s u a l  c l i f f  th an  befo re  they had avoided the  c l i f f .  

Among the  14 lambs in  the  c o n t ro l  group, th e  number of micrograms of 

h y d ro c o r t i so n e  per each ml o f  blood plasma gave a mean o f  .83 b e fo re  the 

c r i t e r i o n  response  and 1.86 a f t e r  c r i t e r i o n .  S t a t i s t i c a l l y  the  data 

shows a d i f f e r e n c e  th a t  i s  s i g n i f i c a n t  beyond the  .05 le v e l  and supports  

th e  h y p o th e s is .  I t  has long been known t h a t  a d re n o c o r t ic a l  hormones i n ­

c r e a s e  in  th e  blood of both animals and humans concommitant w i th  the 

s u b j e c t ' s  e x p e r ien c in g  f e a r .  Lev ine , Denenberg, E le f th e r io u ,  and o th e rs
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w ere c i t e d  in  th e  f i r s t  c h a p te r  in  showing t h a t  th ey  i n f e r  e m o t io n a l i t y  

from r e l a t i v e l y  h igh  l e v e l s  o f  a d r e n o c o r t i c a l  hormones in  the  b lo o d .  I t  

can  thus  be r e a s o n a b ly  i n f e r r e d  t h a t  lambs e x p e r ie n c e  more f e a r  im m edia te ly  

a f t e r  h a v in g  p e rc e iv e d  t h e  a p p a re n t  d rop  on t h e  v i s u a l  c l i f f  th an  th ey  

e x p e r ie n c e d  b e fo re  th e y  were a b le  to  p e r c e iv e  th e  a p p a re n t  drop .

The s tu d ie s  o f  P a t t e r s o n ,  Lemmon & P a t t e r s o n ,  L i t t l e ,  and Baum­

gold as w e l l  as the  e a r l i e r  s tu d ie s  o f  Gibson & Walk have each shown 

th a t  the  v i s u a l  c l i f f  phenomenon occurs a t  a c r i t i c a l  period  and i s  i r ­

r e v e r s i b l e  once th e  avoidance behav io r  has been e l i c i t e d .  By combining 

th e  f in d in g  th a t  v i s u a l  depth  p e rc e p t io n  develops  a t  a c r i t i c a l  period  

and the  f in d in g  th a t  th e  development o f  dep th  p e rc e p t io n  is  immediately 

succeeded by the  on se t  o f  f e a r ,  support seems to  be g iven  to  the  o b s e r ­

v a t io n s  of bo th  Hess (1959b) and S c o t t  (1962b). Hess and S c o t t ,  working 

s e p a r a t e ly  have both  observed th a t  the  c r i t i c a l  period  fo r  im prin ting  

i s  te rm ina ted  w ith  th e  onse t of f e a r .  The in fe re n c e  can now be taken 

f u r t h e r  by p o s tu la t in g  th a t  th e  on se t  o f  th e  a b i l i t y  to  pe rce ive  v i s u a l  

dep th  has an analog in  th e  im p r in t in g  phenomenon. F u r th e r  s tu d ie s  might 

suppo rt  the  analog and a f fo rd  w ider p o s s i b i l i t i e s  fo r  g e n e ra l iz a t io n  of 

in fe re n c e s  from one phenomenon to  the  o th e r .

S c o tt  (1958, 1962a) was c i t e d  in  th e  f i r s t  ch ap te r  as having de­

sc r ib e d  d e f i n i t e  and i d e n t i f i a b l e  s ta g e s  in  th e  growth o f  anim als. His 

s ta g e s  a re  named: n e o n a ta l ,  t r a n s i t i o n ,  s o c i a l i z a t i o n ,  ju v e n i le ,  p u b e r ta l ,  

and p a r e n ta l .  S co tt  & Marston (1950) p o in te d  o u t t h a t  the  lamb is  born 

w ith  a d u l t  motor and sensory  c a p a c i t i e s  and i s  thus a l re ad y  in  the t r a n ­

s i t i o n a l  s ta g e  a t  b i r t h .  S ince he d e s c r ib e s  th e  t r a n s i t i o n a l  s tag e  

a s  one in  which senso ry  and motor c a p a c i t i e s  a r e  developed, p re se n t  ob­
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s e r v a t i o n s  s u p p o r t  h i s  c o n te n t io n  s i n c e  lambs c e r t a i n l y  d e v e lo p  s e n s o ry  

and motor c a p a c i t i e s  d u r in g  th e  f i r s t  days o f  l i f e .  However, lambs do 

n o t  e n t i r e l y  c irc u m v e n t  th e  n e o n a ta l  s t a g e  ( i n  which th e  n u r s in g  p ro c e s s  

i s  d e v e lo p e d ) .  O b se rv a t io n s  from t h e  p r e s e n t  s tu d y  and th e  s e r i e s  o f  

lamb s t u d i e s  l e a d in g  up to  i t  s u g g e s t  t h a t  i t  would be  more a c c u r a te  to  

say  t h a t  lambs p ass  th rough  th e  n e o n a ta l  s t a g e  v e ry  q u ic k ly  or t h a t  they  

b e g in  th e  t r a n s i t i o n  s ta g e  v e ry  e a r l y .  I t  seems l i k e l y  t h a t  lambs spend 

a c o n s id e r a b l e  p e r io d  in  which th e y  a r e  in  b o th  th e  n e o n a ta l  and th e  

t r a n s i t i o n a l  s t a g e s  s im u l ta n e o u s ly .

In th e  f i r s t  c h ap te r ,  i t  was noted th a t  th e re  is  a s i m i l a r i t y  

between S c o t t ' s  d e s c r ip t io n  o f  s ta g e s  in animal development and c e r t a i n  

d e s c r ip t io n s  o f  s ta g e s  in  human development. The s i m i l a r i t y  seems p a r ­

t i c u l a r l y  c l e a r  in  comparing S c o t t ' s  n o t io n  w ith  th a t  o f  P ia g e t .  S p itz  

(1965) has s a id  th a t  P iage t conceived developmental s tag es  as be ing  "sharp  

d iv i s io n s  o f  psych ic  un fo ld ing  in t o  d i s t i n c t  ep iso d es" .  P i a g e t ' s  sen­

so r im o to r  phase seems, f o r  example, ve ry  l i k e  S c o t t ' s  t r a n s i t i o n a l  s t a g e . 

In b o th ,  th e  organism becomes a b le  to  re c e iv e  environm ental s t im u l i  and 

to  a c t  upon them w ith  a p p ro p r ia te  beh av io r  - -  behavior t h a t  may be im­

p o r ta n t  fo r  th e  organism s' s u r v iv a l .

I t  was obse rved  in  t h e  p r e s e n t  s tu d y  t h a t  t h e  o n s e t  o f  v i s u a l  

d e p th  p e r c e p t i o n  i s  fo llow ed  by t h e  a b i l i t y  o f  th e  an im al t o  e x p e r ie n c e  

f e a r .  I f  i t  i s  assumed t h a t  t h i s  o b se rv ed  sequence  o f  e v e n ts  i s  i n v a r i ­

a b l e  among lam bs, th en  a n o th e r  o f  P i a g e t ' s  p o s t u l a t e s  may b e  s e e n  as  an

analog . P ia g e t ,  accord ing  to  F l a v e l l  (1963), f e e ls  th a t  c e r t a i n  develop-
/

m enta l  s t a g e s  u n fo ld  in  an u n chang ing  and c o n s ta n t  o n to g e n e t i c  s eq u en ce .  

F u r th e r  s t u d i e s  may show t h a t  th e  above  sequence  (developm ent o f  d ep th
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p e rc e p t io n  followed by the  o n se t  o f  f e a r )  i s  on ly  one of many s e t s  of 

phenomenal changes t h a t  occur in  a f ixed  o rder  in  anim als .

As exp la ined  in  Chapter I I I ,  blood samples were taken  from the  

lambs both befo re  and a f t e r  the  c r i t e r i o n  re sponse  was d isp la y e d .  In 

o rder  to make c e r t a i n  th a t  one blood sample was obta ined  from each lamb 

b e fo re  the  lamb avoided the  c l i f f ,  t h a t  sample was taken very  e a r ly  in  

the  lam b's  l i f e .  The planned experim enta l p rocedure  was to  ta k e  the 

f i r s t  blood sample when or b e fo re  the  lamb was one hour o ld .  Because 

of experim ental procedures p reced ing  the  ta k in g  of the  blood sample, the  

drug (or t r a g a c a n th )  i n j e c t i o n s  preceded th e  ta k in g  o f  the  blood sample 

by on ly  15 minutes (approx im ate ly ) .

F lu o ro m e tr ic  assays  o f  the  i n i t i a l  blood samples show a d i s t i n c t  

tendency (though no t  a t  s i g n i f i c a n t  l e v e l s )  for the  lambs from both  the 

drug groups to  have h igher  l e v e ls  of h y d ro c o r t iso n e  than lambs from the 

c o n t ro l  group. Means o f  micrograms h y d ro c o r t i so n e  per ml of plasma fo r  

th e  drug groups were: 1.90 fo r  th e  magnesium pemoline group, 2 .05 fo r  

the  thy rox ine  group, and only .83 fo r  the  c o n t ro l  group. Though th i s  

could have been chance occurance, th e se  f in d in g s  s t ro n g ly  suggest th a t  

the  a d m in is t r a t io n  of both magnesium pemoline and thyroxine brought 

about a v e ry  ra p id  in c re a se  in  th e  h y d ro c o r t i so n e  le v e l .  I t  i s  l i k e ly  

th a t  a much g r e a t e r  d i f f e r e n c e  in  h y d ro co r t iso n e  le v e ls  between the 

drug and the c o n t ro l  groups would have been seen i f  the  blood sample 

had been taken one or two hours a f t e r  the  i n j e c t i o n  o f  the  drugs.

F u r t h e r  s tu d y  may h e l p  t o  e x p l a i n  t h e  o b s e r v a t i o n s  o f  t h e  above 

p a r a g r a p h .  However, some c o n s i d e r a t i o n  can be t ake n  a t  t h i s  t ime of  

p o s s i b l e  e x p l a n a t i o n s  f o r  the  r a p i d  a p p a r e n t  r i s e  in  s t e r o i d  l e v e l s  in
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the  groups r e c e iv in g  drugs. Eayrs (1961) found th a t  impairments in  the  

a d u l t  r a t  w i l l  be more severe  in  a r a t i o  to the  e a r l in e s s  o f  thy ro id  

d e p r iv a t io n .  In h i s  s tu d y ,  even tua l impairment seemed to  become g r e a te r  

as th e  time o f  thyroidectom y occurred e a r l i e r  in  l i f e  and th e  c o r r e l a t i o n  

con tinued  a l l  the  way to  a n im a l 's  having thyroidectom y a t  b i r t h .  Those 

opera ted  a t  b i r t h  had th e  g r e a t e s t  impairment as a d u l t s .  In  view of 

th e se  f in d in g s ,  i t  is  no t  s u r p r i s in g  th a t  lambs in  th e  p re se n t  study 

showed an apparen t en d o c r in o lo g ic a l  response  a t  one hour of age. Also, 

Levine & M ullins (1966) and Whalen (1967) have noted t h a t  any change 

induced in  the  endocrine  system b r in g s  about a t o t a l  change in  the  ba lance  

o f  a l l  hormones. The com plexity  of such a r e a c t io n  has f a r  reach ing  e f ­

f e c t s  on the  animal and could account fo r  th e  sudden r i s e  in  hydro­

c o r t i s o n e  in  lambs ; e s p e c i a l l y  those in je c te d  w ith  thy ro x in e .

Data from the  p re s e n t  s tudy a lso  show th a t  th e  h y d ro co r t iso n e

le v e ls  had a tendency (again  below s i g n i f i c a n t  l e v e l s )  to f a l l  in  both

drug groups a f t e r  the  animals had avoided the  v i s u a l  c l i f f .  The magnesium

pemoline group had a mean le v e l  of h y d ro co r t iso n e  ( .85 micrograms per ml

o f  plasma) b a re ly  h ig h e r  a t  th e  time of c l i f f  avoidance than the  c o n t ro l

group had a t  time o f  b i r t h  (.83 micrograms per ml o f  p lasm a). A p o ss ib le

ex p la n a t io n  fo r  the se  f in d in g s  may be given by S te in e tz  & Beach (1963).

These au th o rs  no te  t h a t :

H yperthyroidism  was found to  decrease  th e  volujne o f  d i s t r i b u t i o n  
o f  c o r t i c o s te r o n e ,  su g g es tin g  th e  o p e ra t io n  o f  a hom eosta tic  
mechanism to  p reven t concom itant h y p e rc o r t ic o id ism  [p. 4 6 ] .

These f in d in g s  o f  S te in e tz  & Beach a re  s im i la r  to the  ones noted by Levine

& M ullins (1966) in  which the  "hormonostat" seemed to  m alfunction  in  the

r a t s  who had rece iv ed  e a r ly  doses of thy ro x in e .  The f in d in g s  o f  both



69

S t e i n e t z  & Beach and L ev ine  & M u l l in s  s u g g e s t  a p o s s i b l e  e x p l a n a t i o n  of  

t h e  sudden r i s e  and e v e n tu a l  f a l l  o f  h y d r o c o r t i s o n e  l e v e l s  i n  t h e  drugged 

lambs i n  the  p r e s e n t  s t u d y .  No d a ta  a r e  y e t  a v a i l a b l e  which would a f ­

fo rd  s i m i l a r  e x p l a n a t i o n s  f o r  t h e  l a m b ' s  hormonal  r e a c t i o n  to  magnesium 

peoml ine .  However, t h e  n o t ed  co n c ep t  o f  g e n e r a l  change t h ro u g h o u t  t h e  

e n d o c r in e  sys tem  i n  r e s p o n s e  to  any hormonal  d i s t u r b a n c e  may be  d i r e c t l y  

or  i n d i r e c t l y  r e l a t e d  to  the  p a r a l l e l  e f f e c t  s een  in  t h e ^magnesium pemo­

l i n e  g roup .

I t  i s  p o s s i b l e  t h a t  magnesium pemol ine  has  h o r m o n e - l i k e  e f f e c t s  

on the  a n im a l .  I f  t h i s  were  the  c a s e ,  t h e n  th e  a d m i n i s t r a t i o n  o f  mag­

nesium pemol ine  may, as  hormones do, b r i n g  abou t  r a p i d  changes i n  the  

e n d o c r i n e  b a l a n c e .  I t  i s  r e a s o n a b l e  t o  p o s t u l a t e  t h a t  magnesium pemo­

l i n e  may a l s o  b r i n g  abou t  t h e  a f o r e m e n t io n e d  h o m e o s t a t i c  l o w e r in g  of  

a d r e n a l  o u t p u t .  These  p o s s i b i l i t i e s  o f f e r  one p o s s i b l e  e x p l a n a t i o n  f o r  

t h e  o bse rve d  p a r a l l e l i s m  between  t h e  e f f e c t s  of  magnesium pemol in e  and 

t h y r o x i n e  on t h e  h y d r o c o r t i s o n e  l e v e l s  o f  t h e  lambs b o th  b e f o r e  and 

a f t e r  t h e y  had e x h i b i t e d  v i s u a l  d e p th  p e r c e p t i o n .

Other  C o n s i d e r a t i o n s

A compar ison  o f  t h e  d a t a  f rom t h e  p r e s e n t  s tu d y  w i t h  t h a t  of  

the  t h r e e  s t u d i e s  l e a d i n g  up t o  t h e  p r e s e n t  one ( P a t t e r s o n ,  L i t t l e ,  

and Baumgold) , shows t h a t  lambs r e c e i v i n g  no s p e c i a l  e x p e r i m e n t a l  t r e a t ­

ment r e q u i r e d  a mean number of  hours  t o  v i s u a l  c l i f f  c r i t e r i o n  t h a t  was 

f i v e  t o  s i x  t imes g r e a t e r  i n  t h e  p r e s e n t  s tu d y  than  i n  t h e  e a r l i e r  

s t u d i e s .  A s l i g h t  t r e n d  toward an i n c r e a s e  i n  mean number o f  ho u r s  

to  c r i t e r i o n  i s  seen  in t h e  e a r l i e r  s t u d i e s  as  t h e  mean i n c r e a s e d  from
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one to  two hours in  each succeeding  y e a r .  These d i f f e r e n c e s  a re  no t 

g r e a t  and may be p o s s ib ly  a t t r i b u t e d  to  aging o f  th e  p a re n t  an im als . 

However, the  d i f f e r e n c e  in  number of hours to  c r i t e r i o n  f o r  th e  p re se n t  

s tudy  i s  a c o n s id e ra b le  one.

F u r th e r  comparisons o f  th e  d a ta  from the  four s tu d ie s  show th a t  

th e re  were s l i g h t l y  fewer m u l t ip le  b i r t h s  during  th ç  lambing fo r  the  

p re s e n t  s tudy than i n  any of the  s tu d ie s  p reced ing  i t .  The d i f f e r e n c e  

(49% m u l t ip le  b i r t h s  vs 39%) is  s u b s t a n t i a l  when a comparison o f  the  

da ta  from th e  p re se n t  s tudy  i s  made w ith  t h a t  from th e  s tu d ie s  o f  P a t­

te rso n  and Baumgold,

A ll four s tu d ie s  were made w ith  lambs from th e  same f lo c k ,  

c a r r i e d  out a t  the same lo c a t io n ,  and done a t  the  same tim e o f  year 

w ith  v e ry  s im i la r  w eather c o n d i t io n s  p r e v a i l in g .  However, the  animals 

in  th e  p re s e n t  study were t r e a te d  d i f f e r e n t l y  in  two ways from the 

animals in  the  p reced ing  s tu d ie s .  F i r s t ,  the lambs in  th e  p re s e n t  

s tudy  had blood samples taken  from them during  the  f i r s t  hour o f  l i f e  

and immediately a f t e r  they  had e x h ib i te d  c r i t e r i o n  avoidance behav io r  

on th e  v i s u a l  c l i f f .  This p a r t i c u l a r  experim en ta l p rocedure  had not 

been done w i th  the th r e e  e a r l i e r  s t u d i e s .  Secondly, th e  ewes in  the  

f lock  were fed  a k ind of verm ifuge du r in g  t h e i r  pregnancy b e fo re  the 

p re s e n t  s tudy  --  a verm ifuge th a t  was n o t  th e  same as t h a t  used b e fo re  

the  o th e r  th r e e  experim ents .

The tak in g  o f  blood samples was found to be a d i f f i c u l t  ta sk .

A ll persons involved in  ta k in g  the  samples p r a c t ic e d  th e  blood sampling 

techn ique  under the  h e lp  o f  a person  s k i l l e d  in  th e  p ro cess  b u t  the  

ta sk  remained a r a th e r  involved one. In the  sam pling, the  lambs f i r s t
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had t h e i r  h ind  le g s  shaved w ith  a v e t e r i n a r i a n ' s  c l ip p e r .  This in ­

s trum en t made a f a i r l y  loud humming sound and imparted a d i s t i n c t  

v ib r a t o r y  t a c t i l e  s e n s a t io n  when touched to  the  sk in  When th e  

shav ing  had been completed, th e  lamb was held  in  a trough-shaped wooden 

c r a d le  w h ile  an experim enter punctured  the saphenous v e in  and withdrew 

th e  blood. This p rocess  may have s t r e s s e d  the  lambs in  such a way th a t  

the  development o f  depth p e rc e p t io n  was r e ta r d e d .  This h y p o th e s is  is  

n o t  c o n s i s t e n t  w i th  f in d in g  no ted  by Baumgold [1967]:

I t  was noted  . . .  t h a t  f iv e  lambs were r e je c te d  by t h e i r  
m others. That i s ,  the  mother d id  not perm it the lamb to  nurse  
or even to  approach h e r .  She b u t te d  them away f r e q u e n t ly  and 
sav ag e ly ,  a p p a re n t ly  n o t  be ing  a b le  to  t o l e r a t e  t h e i r  mere 
p resence .  These lambs were p laced  in  sm all in d iv id u a l  pens 
w ith  t h e i r  r e j e c t i n g  m others ,  and were t e s t e d  on th e  v i s u a l  
c l i f f  app ara tu s  a t  r e g u la r  i n t e r v a l s .  Three of these  f i v e  r e ­
je c te d  lambs d isp la y ed  v i s u a l  dep th  p e rc e p t io n  at an age 
comparable to  norm ally  mothered lambs. Yet, a l l  o f  th e s e  
in f a n t s  had to  be removed from t h e i r  mothers because o f  the  
v ig o r  o f  her a t ta c k s  upon them. On th e  b a s i s  of t h i s  ob­
s e r v a t io n ,  i t  seems th a t  p e rc e p t io n  fo r  some of th e se  r e ­
je c te d  in f a n t s  was in te g r a te d  in  terms o f  th e  nega tive  (and 
a t  tim es to x i c )  s t im u l i  from the  mother. I t  might be th e  
case  th e r e f o r e  t h a t  any c o n s i s t e n t  p a t t e r n  o f  s t im u la t io n  
emanating from the  mother is  s u f f i c i e n t  f o r  the p e rc e p tu a l  
i n t e g r a t i o n  o f  the  i n f a n t .  The s t im u la t io n ,  ap p aren tly ,  does 
no t have to be p o s i t i v e  o r  even benign  [pp. 57-58].

However, th e re  i s  one im portan t d i f f e r e n c e  between the kind o f  s t r e s s i n g

e x p la in ed  by Baumgold and th e  s t r e s s i n g  th a t  might have been experienced

by the lambs in  th e  p re se n t  s tu d y .  Namely, Baumgold's lambs were being

s t r e s s e d  by t h e i r  own mothers w h ile  the  lambs in  our s tu d y  were being

s u b je c te d  to  machinery and humans - -  e n t i t i e s  f a r  more fo re ig n  to  the

lam b 's  o rd in a ry  environm ent. Thus, s t r e s s f u l  fac to rs  in the  blood

sam pling p rocedure  must be co n s id e red  as only one p o ss ib le  rea so n  fo r

t h e  f in d in g  th a t  lambs in  th e  p re s e n t  s tudy  req u ired  a . g r e a t e r  mean time

to  c r i t e r i o n  v i s u a l  c l i f f  re sp o n se  than  did lambs in the  p rev ious  s tu d ie s
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of  the  s e r i e s  though grooming and o th e r  kinds o f  ca re  were the  same in  

a l l  fou r s tu d ie s .

A second c o n s id e ra t io n  in  terms o f  d i f f e re n c e s  in  trea tm e n t  may 

be im portan t in  ex p la in in g  bo th  the  d i f fe re n c e s  in  time to c r i t e r i o n  and 

in  numbers of m u l t ip le  b i r t h s  between the  p re sen t  s tudy and i t s  e a r l i e r  

c o u n te r p a r t s .  During t h e i r  p er iods  of pregnancy, the ewes fo r  the  th ree  

p rev ious  s tu d ie s  were g iven  r e g u la r  doses of phen o th iaz in e ,  a common 

p r a c t i c e  among sheep growers. This drug o r  a s im i la r  p re p a ra t io n  is  

n e c e ssa ry  for th e  c o n t ro l  of growth o f  p a r a s i t i c  worms in  th e  a d u l t  

an im als .  However, during  the  pregnancy pe r iod  of the ewes whose lambs 

were used in th e  p re s e n t  s tu d y ,  th e  ewes were fed an organophosphate- 

based verm ifuge. The p r e p a ra t io n  used co n s is te d  of a s tandard  feed-meal 

mixed w ith  Tro lene FM which Is  manufactured by the Dow Chemical Company. 

The Dow Company s t a t e s  (ACD Inform ation  B u l l e t i n  No. 118, Dow Chemical 

Company, Midland, M ichigan, 1961, pp. 7-10) t h a t  Tro lene FM con ta in s  

40 p e rc e n t  of th e  a c t iv e  chem ical ro n n e l ,  one of the  c l a s s  of organo- 

phosphates having the s p e c i f i c  c l a s s i f i c a t i o n :  0 ,0 -d im ethy l 0 -2 ,4 ,5 -  

t r i c h lo ro p h e n y l  phosphoro th ioa te .  This a n th e lm in t ic  agent was fed  to  

the  ewes on a l t e r n a t e  days beginning  a t  the  time o f  im pregnation and 

ending a week b e fo re  th e  f i r s t  lamb was born. Dosage was kep t w e ll  

w i th in  l im i t s  recommended by the  Dow Company and no ty p i c a l  to x ic  r e ­

a c t io n s  (such as p u p i l l a r y  m io s is ,  la c h r im a tio n ,  s a l i v a t i o n ,  or muscular 

weakness) were observed in  e i t h e r  ewes or lambs.

Organophosphates  a r e  a n t i c h o l i n e s t e r a s e  a g e n t s .  Thus t h e y  b r i n g  

a bou t  an accum ula t ion  o f  a c e t y l c h o l i n e  and a r e  p o t e n t i a l l y  c a p ab le  of  

p r o d u c in g  e f f e c t s  e q u i v a l e n t  to  con t inuous  s t i m u l a t i o n  o f  c h o l i n e r g i c
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f ib e r s  in  the  c e n t r a l  and p e r ip h e r a l  nervous system s. F u r th e r ,  the  

organophosphates a re  known to  have a longer l a s t i n g  e f f e c t  th an  o th e r  

a n t i c h o l i n e s t e r a s e  (an ti-C hE ) agen ts  and have been d esc r ib ed  as " i r ­

r e v e r s i b l e "  fo r  th a t  re a so n .  There seems l i t t l e  reason  to  doubt th a t  

ronne l could reach  the  f e tu s  in  u te ro  v ia  the " p la c e n ta l  b a r r i e r " ,  

e s p e c i a l l y  s in c e  organophosphates a re  known to  have high l i p i d  s o lu ­

b i l i t y  (which may a lso  f a c i l i t a t e  t h e i r  p e n e t r a t io n  o f  the  c e n t r a l  

nervous system ). Thus, the p o s s i b i l i t y  o f  p la c e n ta l  p e n e t r a t io n  and 

long l a s t i n g  e f f e c t s  of th e  chemical sugges t t h a t  the lambs in  the  

p re s e n t  s tudy  could have been a f f e c t e d  by i t  bo th  b e fo re  and fo r  a con­

s id e r a b le  tim e a f t e r  b i r t h .

K o e l le  (1965) no te s  t h a t  " . . .  s e v e ra l  organophosphorus com­

pounds can produce a p e c u l ia r  syndrome o f  n e u ra l  d e g e n e ra t io n ,  a s ­

s o c ia te d  w ith  de raye lina t ion ,  fo llow ing  ch ron ic  exposure" [p . 452 ] .  I t  

then fo llow s th a t  th e  normal p rocess  o f  m y e lin a t io n  of th e  lambs in  

t h i s  s tudy  could have been d is tu rb e d  and th a t  t h i s  could p o s s ib ly  ac ­

count fo r  th e  r e l a t i v e  la t e n e s s  of avoidance response  in  th e  lambs.

A co nnec tion  between ro n n e l  and the  observed decrease  in  numbers 

of m u l t ip le  b i r t h s  in  the  p r e s e n t  s tudy  might a l s o  be p o s tu la te d  though 

an e x p la n a t io n  of the  p rocess  involved would r e q u i r e  s p e c ia l  r e s e a rc h .

Suggestions  fo r  F u r th e r  Study 

The r e s u l t s  o f  the  p o r t io n  o f  th i s  s tudy  having to  do w ith  

magnesium pemoline support most of the  f in d in g s  o f  o th e r  experim ents 

done w ith  t h a t  drug b u t  employing o th e r  animals (or humans) and w ith  

o th e r  ta sk s  (such as le a rn in g  and memory t a s k s ) .  Research i s  needed
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to le a rn  what e f f e c t s  th e  drug may have through th e  f a c i l i t a t i o n  of 

RNA p ro d u c t io n .  Glasky & Simon (1966) have noted such a need. Fur­

th e r  s tudy  w ith  magnesium pemoline might a l s o  shed l i g h t  on the d ru g 's  

a f f e c t  on th e  o rgan ism 's  s e n s i t i v i t y  to  s t im u l i .  This q u e s t io n  was 

opened when Frey & P o lid o ra  (1966) p o s tu la te d  th a t  th e  drug may have 

made t h e i r  animals more re sp o n s iv e  to  e l e c t r i c  shock.

A s tu d y  designed  to  le a rn  why th e re  were d i s c r e p a n t  r e s u l t s  be ­

tween th e  th y ro x in e - in je c te d  lambs in  th i s  s tudy  and the  th y ro x in e - in je c te d  

r a t s  in  th e  s tudy  o f  Schap iro  & Norman might c l a r i f y  t h a t  problem. I t  

might be lea rned  th a t  v i s u a l  c l i f f  a c t i v i t y  o f  the  k ind  observed in  t h i s  

and i t s  p reced ing  s tu d ie s  is  sim ply a d i f f e r e n t  p ro cess  than  the l e a r n ­

ing phenomena observed by Schapiro  & Norman. I t  might a l s o  be found 

th a t  an in c re a s e  in  th e  dosage o f  thy rox ine  would b r in g  about an e a r l i e r  

avoidance o f  the v i s u a l  c l i f f .  A c a r e fu l  measure o f  th y ro id  hormone 

le v e l s  o f  lambs g iven  th y ro x in e  might r e v e a l  (as Levine & M ullins have 

sugges ted )  t h a t  the  drug b r in g s  about an enduring  d e f i c i t  in  th y ro id  

hormone l e v e l s  w ith  th e  a s s o c ia te d  impairments o f  fu n c t io n in g .

The r a p id  r i s e  i n  h y d ro c o r t iso n e  le v e l s  in  lambs given drugs in  

t h i s  s tu d y  could be ex p lo re d .  This drug i n t e r a c t i o n  goes even fu r th e r  

fo r  i t  was found th a t  h y d ro c o r t iso n e  le v e l s  d id  n o t  r i s e  a t  the  time of 

c l i f f  avo idance in  th e  drug groups as in  th e  c o n t ro l  group. I t  i s  even 

suggested  t h a t  the  h y d ro c o r t i so n e  le v e ls  in  the  drugged animals was lower 

a f t e r  c l i f f  avoidance than b e fo re .  These f in d in g s  were seen  in  terms 

of t re n d s  t h a t  a re  below s i g n i f i c a n t  l e v e l s .  R e p l ic a t io n  o f  t h i s  p a r t  

o f  the  s tu d y  bu t w ith  la rg e r  groups o f  animals might show s i g n i f i c a n t  

and c o n c lu s iv e  r e s u l t s .
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F in a l ly ,  i t  was noted th a t  r e s u l t s  from the  p re se n t  s tudy  were 

d i f f e r e n t  from th o se  of th e  s tu d ie s  in  the  same s e r i e s  in  ways t h a t  can­

n o t be e a s i l y  ex p la in ed .  The p o s s i b i l i t y  th a t  the  r e s u l t s  i n  th e  p r e s e n t  

s tu d y  were in f lu en ced  by the  s t r e s s i n g  of the lambs by the  p rocess  of 

e x t r a c t in g  blood samples could be examined. For example, i t  may be 

p o s s ib le  t h a t  hormonal measures can be taken  from th e  u r in e  o f  the  lambs. 

I f  so, a method might be devised  in  which u r in e  could  be c o l le c te d  in 

a p p ro p r ia te  samples fo r  hormone measures such th a t  the  process  might not 

be s t r e s s f u l  to th e  lambs. A r e p l i c a t i o n  of the  p a r t s  of th i s  s tudy 

having to  do w ith  s t e r o id s  might show d i f f e r e n t  r e s u l t  i f  the u r in e  a n a l ­

y s i s  were used in s te a d  o f  the  blood a n a ly s i s .  Also, a study  w ith  lambs 

in  which some mothers were given ro n n e l  and a c o n t ro l  group was g iven  

pheno th iaz ine  would perhaps suppo rt  or r e f u te  the p o s tu la te d  e f f e c t s  

o f  ronne l on the  animals o f  th e  p r e s e n t  study.



CHAPTER VI

SUMMARY

The n a t u r e  o f  the  p h y s i o l o g i c a l  and p s y c h o l o g i c a l  changes i n ­

vo lved  w i t h  c r i t i c a l  p e r i o d s  and deve lopm enta l  s t a g e s  has  long been a 

s u b j e c t  f o r  much t h e o r i z i n g .  C o n s id e ra b l e  e v id e n c e  has  shown t h a t  

ph a rm a c o lo g ic a l  and b e h a v i o r a l  m a n ip u la t io n  o f  t h e  n e o n a te  organ ism 

can r e s u l t  i n  d i s r u p t i o n  o f  t h e  n a t u r a l  ch ro no logy  o f  deve lopm enta l  

e v e n t s .  Most o f  t h e  a p p r o p r i a t e  l i t e r a t u r e  s u g g e s t s  t h a t  a c a u s a l  

f a c t o r  e x i s t s  be tween  m o th e r -n e o n a te  r e l a t i o n s  and t h e  i n f a n t ' s  p a t t e r n  

o f  development  and t h a t  m a n i p u la t i o n s  of  e i t h e r  i n f a n t  o r  mother  may 

a f f e c t  t h e  i n f a n t ' s  growth by means o f  changes  b r o u g h t  abou t  i n  t h e  

m o th e r -n e o n a te  r e l a t i o n s h i p .

This s tudy  had a b i - d i m e n s i o n a l  d e s ig n  i n  which  pha rm aco log ica l  

a g e n t s  were t e s t e d  f o r  t h e i r  e f f e c t s  on t h e  d e ve lopm en ta l  t im in g  o f  i n ­

f a n t  animals  and i n  which b lood  plasma a s s a y s  s e r v e d  as  measures  of  en­

d o c r i n o l o g i c a l  changes a s s o c i a t e d  w i t h  d e v e lopm en ta l  cha nges .  Lambs in 

a l l  groups were t e s t e d  fo r  t h e i r  c a p a c i t y  t o  r e a c t  a d a p t i v e l y  t o  t h e  

s t i m u lu s  o f  depth on a v i s u a l  c l i f f .  Magnesium pemoline  appeared  to  

a c c e l e r a t e  t h e  development  o f  v i s u a l  dep th p e r c e p t i o n  and t h y ro x i n e  ap­

p a r e n t l y  b rought  abou t  no s i g n i f i c a n t  e f f e c t .  The h y d r o c o r t i s o n e  l e v e l  

o f  lambs was h i g h e r  a t  t h e  t im e  o f  t h e  deve lopment  o f  v i s u a l  dep th  

p e r c e p t i o n  th an  i t  had been e a r l i e r  in  t h e  l i v e s  o f  t h e  a n im a ls .  How­

e v e r ,  t h e  e x p e r i m e n t a l  drugs  a p p a r e n t l y  caused an i n t e r a c t i o n  e f f e c t
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such t h a t  th e  drugged animals showed a tren d  toward having an e a r ly  

hormonal r e a c t io n  followed by a lowered r e a c t io n  a t  th e  tim e o f  develop­

ment o f  depth  p e rc e p t io n .

The ex p lan a tio n  o f fe re d  fo r  the  e f f e c t  o f  magnesium pemoline is  

th a t  th e  drug in c re a s e s  th e  a l e r t n e s s  and motor a c t i v i t y  l e v e ls  o f  the 

young animal which, in  tu rn ,  in c re a s e s  i t s  re sp o n se  to  th e  m other-neonate  

i n t e r a c t i o n  which has ten s  developm ental growth. The observed r e a c t io n  

to  th y ro x in e  was exp la ined  as a de lay  in  development b rought about by 

d i s r u p t i o n  o f  th e  normal hom eosta tic  b a lan ce  of th e  endocrine  system.

The a d r e n o c o r t ic a l  da ta  supported  the  t h e s i s  th a t  th e  c r i t i c a l  period  

a s s o c ia te d  w ith  the  development o f  dep th  p e rc e p t io n  i s  s im i l a r  to or 

i d e n t i c a l  w ith  th e  c r i t i c a l  pe r iod  a s s o c ia te d  w ith  im p r in t in g ,  a t  l e a s t  

i n  c h ro n o lo g ic a l ,  b e h a v io ra l ,  and hormonal r e s p e c t s .
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APPENDIX I

AGES AND NUMBER OF VISUAL CLIFF TRIALS AT THE 
TIME OF CRITERION AVOIDANCE RESPONSE 

FOR EACH DRUG GROUP

Magnesium Pemoline Group

Lamb Age ( h r s . )  T r i a l s

3 5.75 2
4 65.00 16
5 16.00 4
6 2 4 .00 6
7 4 .5 0 1
8 11.33 3
9 11.00 3

10 5.75 2
11 (anomalous an im al)
12 7.75 2
13 23 .00 6
14 8.50 3
15A 20 .00 5
15B 3.25 1
16 78 .50 17
17 28 .00 7
36 8 .50 2
37 (anomalous an im al)
38 18.42 5
40 10.25 3
41 12.75 4
42 7.75 2
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Thyroxine Group

Lamb Age ( h r s . ) T r i a l s

18 29 .00 8
19A 11:50 3
19B 58.00 15
20 9.25 3
22 2 3 .50 6
23B 41.25 11
24A 62.58 16
24B 9.75 3
26 12 .00 3
27A 18.50 5
30 25 .50 7
32 74.25 19

C ontro l Group

Lamb Age ( h r s . ) T r i a l s

lA 6 .5 0 2
IB 14 .50 4
2 13 .50 3

21 (anomalous a n im a l)
23A 5.58 2
25 17 .50 5
27B 10.25 3
28 4 1 .0 0 11
29A 17.33 5
29B 17.17 5
31 42 .75 11
33A 18.75 5
33B 26.42 7
34A 28 .50 5
34B 27 .5 0 7
34C 22 .50 7
35 63 .00 16
39 77 .50 20



APPENDIX I I

MICROGRAMS HYDROCORTISONE PER ml OF BLOOD PLASMA FOR EACH 
DRUG GROUP UNDER THE TWO EXPERIMENTAL CONDITIONS

Magnesium Pemoline  Group

Lamb Before
Avoidance

A f te r
Avoidance

12 0 .0 0 .0
13 0.1 4 .6
14 4.34 0 .0
15A .21 0.1
16 6.62 1.03
17 0 .0 1.03
36 7.85 0 .0
38 0 .0 1.77
40 0 .0 .42
41 ' 0 .0 0 .0
42 3.72 .83

Thyroxine Group

Before A fte r
Lamb Avoidance Avoidance

18 0.1 0.1
19A 0.1 3 .1
19B 1.24 0 .0
20 0 .0 1.01
22 0 .0 .83
23B (anomalous d a ta )
24A 6.5 0 .0
26 1.77 1.03
27A 14.9 .21
30 0 .0 6.4
32 0 .0 0 .0
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C ontro l Group

Lamb B e fo re  A f t e r
Avoidance  Avoidance

23A 3 .1 0.0
25 .83 .10
27B .83 0.0
28 4 .75 8.89
29A 0 .0 0 .0
29B 0 .0 0.0
31 0 .0 1.86
33A 0 .0 5.78
33B 0 .0 0 .0
34A (anomalous anim al)
34B .62 5.75
34C 0 .0 0 .0
35 1.55 0.0
39 0 .0 4 .75


