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ABSTRACT 

SIMPLE AND CONTINGENT CHROMATIC 

AFTEREFFECTS IN PIGEONS 

b y

J e a n  R o b e r t s  A t a k  

U n i v e r s i t y  o f  New H a m p s h i r e ,  D e c e m b e r ,  1981

I n  o r d e r  t o  a s s e s s  w h e t h e r  p i g e o n s  a c q u i r e  s i m p l e  a nd  

c o n t i n g e n t  c h r o m a t i c  a f t e r e f f e c t s ,  f o u r  W h i t e  C a r n e a u x  

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

a c h r o m a t i c  s l i d e s :  R i g h t  a nd  l e f t  k e y - p e c k s  w e r e  r e i n f o r c e d

f o l l o w i n g  e x p o s u r e  t o  c o l o r e d  a nd  a c h r o m a t i c  . s l i d e s ,  

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

d i f f e r e n t  h u e s ,  a d d e d  s e q u e n t i a l l y .  B e h a v i o r  on  t h e  f i r s t  

d a y  e a c h  new c o l o r  was  a d d e d  a nd  o n  two t r a n s f e r  t e s t s  

i n v o l v i n g  n o v e l  s t i m u l i  i n d i c a t e d  t h a t  a ' c h r o m a t i c i t y '  

c o n c e p t  had  b e e n  a c q u i r e d  by  a l l  f o u r  b i r d s .

I n  E x p e r i m e n t  I I ,  a n  a t t e m p t  was  made  t o  d e m o n s t r a t e  

t h e  M c C o l l o u g h  e f f e c t  ( ME ) . I n  f i v e  p r o c e d u r e s ,  v a r i o u s  

c o n d i t i o n s  known t o  p r o d u c e  a m a x i m a l l y  s t r o n g  ME i n  h u m a n s  

w e r e  a r r a n g e d  f o r  t h e  p i g e o n s .  I n  e a c h  c a s e ,  v a r i o u s  

s l i d e s ,  i n c l u d i n g  a c h r o m a t i c  ME t e s t  s t i m u l i ,  w e r e  p r e s e n t e d  

f o l l o w i n g  a d a p t a t i o n .  As c o m p a r e d  w i t h  c o n t r o l  a c h r o m a t i c  

s l i d e s ,  no i n c r e a s e  i n  r i g h t  k e y - p e c k s  f o l l o w i n g  t e s t  

s t i m u l i  was o b s e r v e d .  T h u s ,  no  e v i d e n c e  f o r  t h e  ME was

o b t a i n e d .
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I n  E x p e r i m e n t  I I I ,  e v i d e n c e  o f  s i m p l e  c h r o m a t i c  

a d a p t a i o n  i n  t h e  p i g e o n s  was  o b t a i n e d .  S i x - m i n  c o m p o n e n t s  

a l t e r n a t e d  i n  w h i c h  t h e  e x p e r i m e n t a l  c h a m b e r  w a s  i l l u m i n a t e d  

w i t h  e i t h e r  a g r e e n  f l o o d l a m p  o r  a " w h i t e "  b u l b .  The  

p r o p o r t i o n  o f  r i g h t  k e y - p e c k s  f o l l o w i n g  a c h r o m a t i c  s l i d e s  

was  much h i g h e r  d u r i n g  g r e e n  t h a n  d u r i n g  w h i t e  c o m p o n e n t s ,  

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

c h r o m a t i c  s l i d e s .

B e c a u s e  t h e  c h r o m a t i c  a nd  a c h r o m a t i c  s l i d e s  d i f f e r e d  i n  

f i l m  t y p e  ( K o d a c h r o m e ,  P a n a t o m i c - X ) ,  soma  d i m e n s i o n  o t h e r  

t h a n  t h e  c h r o m a t i c i t y  o f  t h e  o b j e c t  p h o t o g r a p h e d  m i g h t  h a v e  

c o n t r o l l e d  t h e  b i r d s '  b e h a v i o r .  I n  E x p e r i m e n t  I V,  two t e s t s  

s e p a r a t e d  t h e s e  two p o t e n t i a l  s o u r c e s  o f  s t i m u l u s  c o n t r o l  by  

p r e s e n t i n g  " a c h r o m a t i c "  K o d a c h r o m e  s l i d e s  a nd  P a n a t o m i c - X  

s l i d e s  w i t h  s p o t s  o f  c o l o r .  F i l m  t y p e ,  n o t  o b j e c t  

c h r o m a t i c i t y ,  w as  f o u n d  t o  c o n t r o l  t h e  b i r d s '  b e h a v i o r  a t  

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

showed  t h a t  t h e y  d i f f e r e d  c h r o m a t i c a l l y ,  a nd  a f u r t h e r  t e s t  

r e v e a l e d  t h a t  t h i s  d i f f e r e n c e  c o n t r o l l e d  t h e  b i r d s '  

b e h a v i o r :  When c o l o r - c o r r e c t i n g  g r e e n  f i l t e r s  o f  v a r y i n g

s a t u r a t i o n  w e r e  s a n d w i c h e d  w i t h  P a n a t o m i c - X  s l i d e s ,  t h e  

p r o p o r t i o n  o f  r i g h t  k e y - p e c k s  i n c r e a s e d  a s  a f u n c t i o n  o f  

f i l t e r  s a t u r a t i o n .  The  r e s u l t s  o f  t h i s  e x p e r i m e n t  

d e m o n s t r a t e  t h e  d i f f i c u l t y  o f  " c o m m u n i c a t i n g "  w i t h  

n o n - v e r b a l  c r e a t u r e s  and  make t h e  r e s u l t s  o f  E x p e r i m e n t  I I  

d i f f i c u l t  t o  i n t e r p r e t .
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INTRODUCTION

I n  1 9 6 5 ,  C e l e s t e  M c C o l l o u g h  r e p o r t e d  a c h r o m a t i c  

a f t e r e f f e c t  (AE) w h i c h  h a s  s i n c e  b e e n  i n t e n s i v e l y  

i n v e s t i g a t e d  i n  h u m a ns  ( s e e  S k o w b o ,  T i m n e y ,  G e n t r y ,  & 

M o r a n t ,  1 9 7 5 ,  and  S t r o m e y e r ,  1 9 7 8 ,  f o r  r e v i e w s ) .  F o l l o w i n g  

a l t e r n a t i n g  i n s p e c t i o n  o f  v e r t i c a l  and  h o r i z o n t a l  g r i d s  

s u p e r i m p o s e d  upon  b l u e  a nd  o r a n g e  b a c k g r o u n d s ,  r e s p e c t i v e l y ,  

s u b j e c t s  r e p o r t e d  t h a t  a c h r o m a t i c  v e r t i c a l  a nd  h o r i z o n t a l  

g r i d s  a p p e a r e d  c o l o r e d .  The  c h r o m a t i c  AE a s s o c i a t e d  w i t h  

e a c h  s t i m u l u s  o r i e n t a t i o n  was  a p p r o x i m a t e l y  t h e  c o m p l e m e n t  

o f  i t s  b a c k g r o u n d  h u e  d u r i n g  i n s p e c t i o n .  The  m a j o r  g o a l  o f  

t h e  r e s e a r c h  d e s c r i b e d  h e r e i n  was  t o  d e m o n s t r a t e  t h i s  

s o - c a l l e d  M c C o l l o u g h  e f f e c t  (ME) i n  t h e  p i g e o n .

The  s t u d y  o f  v i s u a l  AEs h a s  a l o n g  h i s t o r y ,  a n d  h a s  

c o n t r i b u t e d  a g r e a t  d e a l  t o  o u r  u n d e r s t a n d i n g  o f  human 

v i s u a l  p r o c e s s e s .  P e r h a p s  t h e  b e s t - k n o w n  AE i s  t h e  f a m i l i a r  

n e g a t i v e  a f t e r i m a g e  ( e a r l y  s y s t e m a t i c  i n v e s t i g a t i o n s  i n c l u d e  

t h o s e  o f  F e c h n e r ,  1 8 4 0 ,  a nd  H e l m h o l t z ,  1 8 6 6 ) ,  i n  w h i c h  

i n s p e c t i o n  o f  a c o l o r e d  l i g h t  s u b s e q u e n t l y  l e a d s  t o  t h e  

p e r c e p t i o n  o f  i t s  c o m p l e m e n t  u p o n  a n  a c h r o m a t i c  f i e l d .  A 

w i d e  v a r i e t y  o f  o t h e r  v i s u a l  AEs h a s  a l s o  b e e n  r e p o r t e d ,  

s u c h  a s  m o t i o n  AEs ( H u n t e r ,  1 9 1 4 ) ,  t h r e s h o l d  e l e v a t i o n  

( B l a k e m o r e  & C a m p b e l l ,  1 9 6 9 ) ,  s p a t i a l  f r e q u e n c y  s h i f t s  

( B l a k e m o r e  & S u t t o n ,  1 9 6 9 )  , t i l t  AEs ( G i b s o n  & R a d n e r ,  1 9 3 7)



and o t h e r  " f i g u r a l  AEs ” ( Os g oo d  & H e y e r ,  1 9 5 2 ) ,  a nd  d e p t h  

AEs ( B l a k e m o r e  & J u l e s z ,  1 97 1)  . More  r e c e n t l y ,  a c l a s s  o f  

AEs known a s  c o n t i n g e n t  a f t e r e f f e c t s  (CAEs) h a s  b e e n  

r e p o r t e d ;  t h e  ME i s  t h e  m o s t  i n t e n s i v e l y  s t u d i e d  o f  t h i s  

c l a s s .  I n  CAEs,  t h e  AE o c c u r s  o n l y  i n  t h e  p r e s e n c e  o f  a 

s p e c i f i c  v a l u e  a l o n g  some o t h e r  s t i m u l u s  d i m e n s i o n .  I n  t h e  

ME, f o r  e x a m p l e ,  c h r o m a t i c  AEs a r e  c o n t i n g e n t  u p o n  t h e  

o r i e n t a t i o n  o f  t h e  t e s t  l i n e s .  T h u s ,  t h e  ME i s  a n  

o r i e n t a t i o n - c o n t i n g e n t  c o l o r  AE.  O t h e r  CAEs i n c l u d e ,  f o r  

e x a m p l e ,  c o l o r - c o n t i n g e n t  t i l t  AEs a nd  m o t i o n - c o n t i n g e n t  

c o l o r  AEs (Mayhew & A n s t i s ,  1 97 2)  .

The  d e m o n s t r a t i o n  o f  a CAE s u c h  a s  t h e  ME i n  t h e  p i g e o n  

wou l d  be  o f  v a l u e  f o r  s e v e r a l  r e a s o n s .  F i r s t  o f  a l l ,  i t  

w ou l d  add  t o  t h e  g r o w i n g  l i t e r a t u r e  s t u d y i n g  t h e  v i s u a l  

c a p a c i t i e s  and  p r o c e s s e s  o f  t h e  p i g e o n  ( s e e  G r a n d a  & 

M a x w e l l ,  1 9 7 9 ,  f o r  r e p r e s e n t a t i v e  e x a m p l e s ) .  T h i s  

l i t e r a t u r e  i n c l u d e s  b o t h  p h y s i o l o g i c a l  s t u d i e s  ( e . g .  

M a t u r a n a ,  1952)  and  p s y c h o p h y s i c a l  s t u d i e s  ( e . g .  B l o u g h ,  

1 9 5 6 ) .  A s e c o n d  c o n t r i b u t i o n  o f  s u c h  a d e m o n s t r a t i o n  w o u l d  

b e  t o  t h e  f i e l d  o f  c o m p a r a t i v e  p s y c h o l o g y .  B o t h  

p s y c h o p h y s i c a l  a nd  p h y s i o l o g i c a l  c o m p a r i s o n s  h a v e  b e e n  made  

b e t w e e n  t h e  v i s i o n  and  v i s u a l  s y s t e m s  o f  p r i m a t e s  a nd  b i r d s ,  

w h i c h  p o s s e s s  w h a t  may b e  t h e  two m o s t  h i g h l y  d e v e l o p e d  

v i s u a l  s e n s e s  f o u n d  i n  n a t u r e .  Many s i m i l a r i t i e s  b e t w e e n  

t h e  two s y s t e m s  h a v e  b e e n  d e s c r i b e d  ( s e e  C h a p t e r  2 f o r  

e x a m p l e s ) , a n d  a d e m o n s t r a t i o n  o f  t h e  ME i n  p i g e o n s  w o u l d
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add  y e t  a n o t h e r .  F u r t h e r m o r e ,  s u c h  a d e m o n s t r a t i o n  m i g h t  

h a v e  i m p l i c a t i o n s  b e a r i n g  on  t h e  e v o l u t i o n a r y  r e l a t i o n s h i p  

b e t w e e n  t h e  a v i a n  a n d  m a m m a l i a n  n e r v o u s  s y s t e m s  a n d / o r  ( i f  

h o m o l o g u e s  c a n n o t  b e  i d e n t i f i e d )  o n  m e c h a n i s m s  b y  w h i c h  e a c h  

s y s t e m  may h a v e  e v o l v e d  f r o m  t h a t  o f  t h e i r  common r e p t i l i a n  

a n c e s t o r s .  F i n a l l y ,  a d e m o n s t r a t i o n  o f  t h e  ME i n  p i g e o n s  

m i g h t  c o n t r i b u t e  t o  t h e  u n d e r s t a n d i n g  o f  t h e  ME i t s e l f .  

A l t h o u g h  a d e m o n s t r a t i o n  o f  t h e  e f f e c t  i n  p i g e o n s  p r o b a b l y  

wo u l d  n o t  s h e d  l i g h t  u p o n  i t s  m e c h a n i s m  d i r e c t l y ,  f u r t h e r  

s t u d i e s ,  e s p e c i a l l y  o n e s  e m p l o y i n g  p h y s i o l o g i c a l  

m a n i p u l a t i o n s  ( o b v i o u s l y  i m p o s s i b l e  w i t h  human s u b j e c t s )  

w ou ld  be c o m e  f e a s i b l e .  I n d e e d ,  S h u t e  h a s  r e c e n t l y  s u g g e s t e d  

t h a t  s t u d y i n g  t h e  ME i n  " a n  e x p e r i m e n t a l  a n i m a l  w i t h  g o o d  

c o l o u r  v i s i o n  . . .  a n d  . . .  l o o k i n g  f o r  c h a n g e s  i n  t h e  

a c t i v i t y  o f  c o l o u r - c o d e d  c e l l s . . . "  i s  p e r h a p s  t h e  b e s t  

d i r e c t i o n  t o  t a k e  i n  a d v a n c i n g  o u r  u n d e r s t a n d i n g  o f  t h e  ME 

( S h u t e ,  1 9 7 9 ,  p .  1 3 3 ) .

I s  i t  p o s s i b l e  t o  p r e d i c t  w h e t h e r  o r  n o t  t h e  p i g e o n  

s h o u l d  b e  e x p e c t e d  t o  a c q u i r e  t h e  ME? I n  o r d e r  t o  a n s w e r  

t h i s  q u e s t i o n ,  t h e o r i e s  o f  t h e  m e c h a n i s m  a n d  f u n c t i o n a l  

s i g n i f i c a n c e  o f  t h e  ME a r e  f i r s t  r e v i e w e d  i n  C h a p t e r  1 .  I n  

C h a p t e r  2 ,  c u r r e n t  k n o w l e d g e  a b o u t  a v i a n  v i s i o n  a nd  i t s  

n e u r a l  s u b s t r a t e  i s  s u m m a r i z e d  a nd  c o m p a r e d  w i t h  t h a t  o f  t h e  

p r i m a t e .  F i n a l l y ,  i n  C h a p t e r  3 ,  t h e  q u e s t i o n  o f  w h e t h e r  o r  

n o t  t h e  p i g e o n  s h o u l d  b e  e x p e c t e d  t o  a c q u i r e  t h e  ME w i l l  b e  

e v a l u a t e d  i n  t h e  l i g h t  o f  C h a p t e r s  1 a n d  2 .
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C h a p t e r  4 d e s c r i b e s  t h e  g e n e r d  r e s e a r c h  s t r a t e g y  w h i c h  

was  a d o p t e d  i n  a t t e m p t i n g  t o  d e m o n s t r a t e  t h e  ME i n  p i g e o n s .  

The s u b s e q u e n t  f o u r  c h a p t e r s  d e s c r i b e  t h e  r e s e a r c h  w h i c h  was  

p e r f o r m e d :  I n  C h a p t e r  5 ,  a c q u i s i t i o n  o f  t h e  • c h r o m a t i c i t y '

c o n c e p t  i n  p i g e o n s  i s  d e s c r i b e d ;  i n  C h a p t e r  6 ,  a t t e m p t s  t o

d e m o n s t r a t e  t h e  ME i n  p i g e o n s  a r e  d e s c r i b e d ;  i n  C h a p t e r  7 ,

e v i d e n c e  o f  a s i m p l e  c h r o m a t i c  AE i s  p r e s e n t e d ;  a nd  i n

C h a p t e r  8 ,  f u r t h e r  a n a l y s e s  o f  t h e  s t i m u l u s  c o n t r o l  o f  t h e

b i r d s '  b e h a v i o r  a r e  p r e s e n t e d .  I n  C h a p t e r  9 ,  t h e  r e s e a r c h  

i s  s u m m a r i z e d  a nd  i t s  i m p l i c a t i o n s  a r e  d i s c u s s e d .



CHAPTER 1

THEORIES OF THE McCOLLOUGH EFFECT

The c o n t i n g e n t  a f t e r e f f e c t s ,  w h i c h  h a v e  r e c e i v e d  so  

much a t t e n t i o n  i n  t h e  l a s t  15 y e a r s  ( t h e  e x t e n s i v e  

l i t e r a t u r e ,  e s p e c i a l l y  o n  t h e  ME, h a s  b e e n  r e v i e w e d  by 

A n s t i s ,  1 9 7 5 ;  S k o w b o ,  T i m n e y ,  G e n t r y ,  & M o r a n t ,  1 9 7 5 ;  

S t r o m e y e r ,  1 9 7 8 ;  a n d  H a r r i s ,  1 9 3 0 ) ,  h a v e  a c t u a l l y  b e e n  known 

f o r  soma t i m e .  J a m e s  G i b s o n  ( 1 9 3 3 ) ,  f o r  e x a m p l e ,  r e p o r t e d  

t h a t  s t r a i g h t  v e r t i c a l  l i n e s  a p p e a r e d  c u r v e d  a nd  t i n g e d  w i t h  

c o l o r  f o l l o w i n g  t h e  p r o l o n g e d  w e a r i n g  o f  p r i s m s .  B o t h  o f  

t h e s e  a r e  n e g a t i v e  AE s ,  s i n c e  t h e y  a r e  t h e  o p p o s i t e  o f  t h e  

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

f r i n g e s ,  a t  l e a s t ,  a r e  a l s o  c l e a r l y  c o n t i n g e n t  A E s ,  s i n c e  

t h e i r  h u e  d e p e n d s  u p o n  w h e t h e r  a n  e d g e  f a c e s  r i g h t  o r  l e f t .  

T h i s  c o n t i n g e n t  f e a t u r e  o f  many  p r i s m  ( a n d  o t h e r  " g o g g l e " )  

AEs was  p e r h a p s  f i r s t  n o t e d  by  I v o  K f i h l e r  ( 1 9 5 1 / 1 9 6 4 ,  1 9 6 2 ) ,  

who d e s c r i b e d  t h e  c o l o r  f r i n g e  AEs a s  " s i t u a t i o n a l  c o l o r  

a d a p t a t i o n "  ( 1 9 6 2 )  and  s p o k e  o f  t h e  v a r i o u s  AEs a s  

" ' c o n d i t i o n e d '  a f t e r - e f f e c t ( s ) " ( 1 9 5 1 ) .  As H e l d  ( 1 9 3 0 )  h a s  

s u g g e s t e d ,  i t  s e e m s  l i k e l y  t h a t  t h e  " r e d i s c o v e r y "  o f  and  

p r e s e n t  i n t e n s e  i n t e r e s t  i n  t h e s e  CAEs i s  d u e  t o  t h e  

a v a i l a b i l i t y  o f  new f o r m u l a t i o n s  a b o u t  how t h e  n e r v o u s  

s y s t e m  e n c o d e s  and  p r o c e s s e s  s e n s o r y  " f e a t u r e s , "  w h i c h  

s ee me d  t o  be  d i r e c t l y  i n v o l v e d  i n  t h e  CAEs.  T h e s e
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t h e o r e t i c a l  f o r m u l a t i o n s  h a v e  r e s u l t e d  i n  p a r t  f r o m  

r e c e p t i v e  f i e l d  m a p p i n g s  o f  s i n g l e  c e l l s  i n  t h e  v i s u a l  

s y s t e m  ( e . g .  H u b e i  & W i e s e l ,  1 9 5 9 ) ,  w h i c h  h a v e  b e e n  

i n t e r p r e t e d ,  f o r  e x a m p l e ,  a s  " f e a t u r e  d e t e c t o r s . "  C a u t i o n  

i s  o f t e n  p r e s c r i b e d  i n  d r a w i n g  p a r a l l e l s  b e t w e e n  t h e  

n e u r o p h y s i o l o g i c a l  a n d  p s y c h o p h y s i c a l  d a t a  ( e . g .  K e i t h  

W h i t e ,  1 9 7 8 ,  h a s  c a l l e d  t h i s  a p p r o a c h  t o  t h e  s t u d y  o f  

s e n s o r y  c o d i n g  " h e u r i s t i c  n e u r o m y t h o l o g y " ) .  Y e t  t h e  b e l i e f  

t h a t  t h e  two t a k e n  t o g e t h e r  m i g h t  r e v e a l  s o m e t h i n g  i m p o r t a n t  

I a b o u t  how t h e  v i s u a l  w o r l d  i s  p e r c e i v e d  i s  c l e a r l y  t h e  m a j o r

j i m p e t u s  f o r  t h e  s e r i o u s  i n t e r e s t  now t a k e n  i n  CAEs.

I R e c e n t l y ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h i s  c l a s s  o f  p h e n o m e n a

j may a l s o  t e l l  u s  s o m e t h i n g  a b o u t  how c r e a t u r e s  l e a r n ,

j I n  t h i s  s e c t i o n ,  we w i l l  f i r s t  s u m m a r i z e  t h e

| t h e o r e t i c a l  m e c h a n i s m s  w h i c h  h a v e  b e e n  p r o p o s e d  a s

] e x p l a n a t i o n s  o f  t h e  ME. S e c o n d ,  p o s s i b l e  f u n c t i o n s  o f  t h e

e f f e c t  w i l l  b e  d i s c u s s e d .

T h e o r e t i c a l  M o d e l s  o f  t h e  M c C o l l o u g h  E f f e c t  

H a r r i s  ( 1 9 8 0 )  h a s  r e c e n t l y  d e l i n e a t e d  two g e n e r a l  

c l a s s e s  o f  m o d e l s  w h i c h  h a v e  b e e n  o f f e r e d  a s  e x p l a n a t i o n s  o f  

t h e  ME: ( a )  a d a p t a t i o n  o r  f a t i g u e  m o d e l s  a nd  (b)

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

j g e n e r a l ,  a l t h o u g h  m o r e  f o r m a l  m o d e l s  o f  t h e  p h e n o m e n o n  h a v e

j  b e g u n  to-  a p p e a r  ( M o n t a l v o ,  1 9 7 6 ;  K r u g e r ,  1 9 7 9 ;  G r o s s b e r g ,

j 1 9 8 0 ) .

i .
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A d a p t a t i o n  M o d e l s

The  s i m p l e s t  ( t h o u g h  n o t  t h e  f i r s t - o f f e r e d )  m o d e l  o f  

t h e  ME i s  t h a t  i t  i s  d u e  t o  s i m p l e  a f t e r i m a g e s .  T h i s  w o u l d  

s e e m t o  b e  r u l e d  o u t  s i n c e  t h e  h u e  o f  t h e  AE d e p e n d s  u p o n  

s p a t i a l  c h a r a c t e r i s t i c s  o f  t h e  p a t t e r n  w h i c h  i s  n o t  t h e  c a s e  

f o r  a f t e r i m a g e s ,  b u t  H a r r i s  a nd  G i b s o n  ( 1 9 6 8 )  p o i n t e d  o u t  

t h a t  i f  s u b j e c t s  t e n d e d  t o  f i x a t e  c o n s i s t e n t l y  u p o n  a n  e d g e  

o f  t h e  a d a p t a t i o n  g r i d s ,  a r e d  and  g r e e n  p l a i d  a f t e r i m a g e

w o u l d  r e s u l t .  I f  t h e  t e s t  g r a t i n g s  w e r e  a l s o  s u b j e c t  t o

b i a s e d  f i x a t i o n ,  o n e  o f  t h e  a f t e r i m a g e  c o l o r s  w o u l d  be  

c o v e r e d  by  e a c h  o f  t h e  v e r t i c a l  a nd  h o r i z o n t a l  b l a c k  t e s t  

g r a t i n g s .  A s s u m i n g  t h a t  t h e  " e d g e s "  o f  t h e  c o l o r e d  

a f t e r i m a g e s  w o u l d  b l u r ,  t h e  t y p i c a l  ME a p p e a r a n c e  w o u l d  t h u s  

o c c u r .  H a r r i s  a n d  G i b s o n  t e s t e d  t h i s  m o d e l  by  

t a c h i s t o s c o p i c a l l y  p r e s e n t i n g  e a c h  a d a p t a t i o n  p a t t e r n  i n  

e a c h  o f  two p o s i t i o n s  1 8 0 ° o u t  o f  p h a s e ,  s u c h  t h a t  a n y  r e d  

and  g r e e n  a f t e r i m a g e s  t h a t  m i g h t  o c c u r  w o u l d  c o m p l e t e l y

c a n c e l  e a c h  o t h e r  o u t .  S i n c e  s u b j e c t s  s t i l l  r e p o r t e d  t h e  

ME, t h e  a f t e r i m a g e  m o d e l  wa s  r u l e d  o u t .  T h e s e  a u t h o r s  

o f f e r e d ,  h o w e v e r ,  w h a t  t h e y  c o n s i d e r e d  t o  b e  t h e  s i m p l e s t  

t y p e  o f  n e u r a l  m e c h a n i s m  w h i c h  c o u l d  a c c o u n t  f o r  t h e  e f f e c t :  

d i p o l e s .  D i p o l e s  a r e  m e c h a n i s m s  w h i c h  r e s p o n d  t o  an

i n t e n s i t y  d i f f e r e n c e  b e t w e e n  two p a r t i c u l a r  r e t i n a l  s i t e s .  

H a r r i s  and  G i b s o n  s u g g e s t e d  t h a t  some o f  t h e s e  w o u l d  r e s p o n d  

and  t h u s  r e d - a d a p t  t o  o n e  g r a t i n g  o r i e n t a t i o n  w h i l e  o t h e r s  

w o u l d  r e s p o n d  a nd  g r e e n - a d a p t  t o  t h e  o t h e r  g r a t i n g
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o r i e n t a t i o n .  When t h e  a c h r o m a t i c  t e s t  g r a t i n g s  a r e  

s u b s e q u e n t l y  p r e s e n t e d ,  t h e y  w o u l d  b e  p r o c e s s e d  by  t h e  

c h r o m a t i c a l l y  a d a p t e d  d i p o l e s :  T h o s e  w h i c h  w e r e  r e d - a d a p t e d

w o u l d  h a v e  r e l a t i v e l y  l e s s  r e d  i n p u t  t h a n  u s u a l  s o  t h a t  t h e  

g r a t i n g  w o u l d  a p p e a r  g r e e n i s h ,  a nd  s i m i l a r l y  f o r  t h e  

g r e e n - a d a p t e d  d i p o l e s .

The  d i p o l e  m o d e l  i s  a c t u a l l y  v e r y  s i m i l a r  t o  t h e  o n e  

o r i g i n a l l y  o f f e r e d  b y  M c C o l l o u g h  ( 1 9 6 5 ) .  M c C o l l o u g h  

p o s t u l a t e d  t h a t  t h e  e f f e c t  w as  d u e  t o  c h r o m a t i c  a d a p t a t i o n  

o f  " e d g e - d e t e c t o r s "  w h i c h  d i f f e r  f r o m  d i p o l e s  o n l y  i n  b e i n g  

m o r e  p a t t e r n  s p e c i f i c .  H a r r i s  ( 1 9 8 0 )  h a s  s u g g e s t e d  t h a t  t h e  

d e g r e e  o f  p a t t e r n - s p e c i f i c i t y  o f  t h e  ME m i g h t  b e  t h e  o n l y  

way t o  d i s t i n g u i s h  b e t w e e n  t h e  d i p o l e  a nd  e d g a - d e t e c t o r  

m o d e l s .  A l t h o u g h  b o t h  f a i r l y  n a r r o w  ( F i d e l l ,  19 7 0 )  a nd  

b r o a d  ( E l l i s ,  1 9 7 7 )  o r i e n t a t i o n  t u n i n g  c u r v e s  h a v e  b e e n  

r e p o r t e d ,  L o v e g r o v e  a nd  O v e r  ( 1 9 7 2 )  h a v e  a r g u e d  t h a t  t h e  

d e g r e e  o f  s p a t i a l  f r e q u e n c y  s p e c i f i c i t y  ( r o u g h l y  a n  o c t a v e )  

w h i c h  t h e y  f o u n d  was  s i m i l a r  t o  t h a t  o f  m o n k e y  a nd  c a t  

c o r t i c a l  e d g e - d e t e c t o r s  m e a s u r e d  t h r o u g h  s i n g l e  c e l l  

r e c o r d i n g  t e c h n i q u e s .  The  l a t t e r  r e s u l t ,  t h e n ,  s u p p o r t s  t h e  

e d g e - d e t e c t o r  m o d e l  o v e r  t h e  d i p o l e  m o d e l .

A v a r i a n t  o f  t h e  a d a p t e d  e d g e - d e t e c t o r  m o d e l  p o s i t e d  

m e c h a n i s m s  t u n e d  n o t  o n l y  t o  s p a t i a l  o r i e n t a t i o n  ( a n d / o r  

f r e q u e n c y )  b u t  a l s o  t o  c o l o r :  s o - c a l l e d  d o u b l e - d u t y

c h a n n e l s .  I n  t h i s  m o d e l ,  f o r  e x a m p l e ,  m e c h a n i s m s  s p e c i f i c  

t o  v e r t i c a l l y  o r i e n t e d  r e d  e d g e s  w o u l d  be  f a t i g u e d  by  t h e
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a d a p t a t i o n  p r o c e d u r e ,  s o  t h a t  v e r t i c a l - g r e e n  d e t e c t o r s  w o u l d  

d o m i n a t e  when t h e  a c h r o m a t i c  t e s t  p a t t e r n  was  s u b s e q u e n t l y  

o b s e r v e d .  T h i s  m o d e l  d o m i n a t e d  t h e  e a r l y  ME l i t e r a t u r e  

( e . g .  F i d e l l ,  1 9 7 0 ;  H e l d  & S h a t t u c k ,  1 9 7 1 ;  B r e i t m e y e r  & 

C o o p e r ,  1 9 7 2 ;  L o v e g r o v e  & O v e r ,  1 9 7 2 ;  May ,  1 9 7 2 ;  C o l t h e a r t ,  

1 9 73 )  . The  n e u r o n s  r e s p o n s i b l e  f o r  t h e  e f f e c t  w e r e  t h o u g h t  

t o  b e  l o c a t e d  a t  a n  e a r l y  c o r t i c a l  l e v e l :  c o r t i c a l  b e c a u s e

o f  t h e  s p a t i a l  s p e c i f i c i t y  a nd  e a r l y  c o r t i c a l  b e c a u s e  o f  t h e  

c o l o r  s p e c i f i c i t y  a n d  t h e  m o n o c u l a r i t y  i m p l i e d  by  t h e  l a c k  

o f  i n t e r o c u l a r  t r a n s f e r  f i r s t  n o t e d  by  M c C o l l o u g h .  H a r r i s  

( 1 9 8 0 )  c l a i m s  t h a t  r e c e n t  n e u r o p h y s i o l o g i c a l  f i n d i n g s  a r e  

m o r e  i n  l i n e  w i t h  t h e  d o u b l e - d u t y  t h a n  t h e  s i n g l e - d u t y  

( c h r o m a t i c  a d a p t a t i o n  o f  e d g e  d e t e c t o r )  m o d e l ,  b u t  i t  i s  n o t  

c l e a r  t h a t  t h e s e  f i n d i n g s  a r e  e s t a b l i s h e d  w e l l  e n o u g h  t o  

s u p p o r t  o n e  v i e w  o v e r  t h e  o t h e r :  B o t h  g e n e r a l  t y p e s  o f  

n e u r o n s  h a v e  b e e n  d e s c r i b e d ,  a nd  t h e r e  i s  a f a i r  a m o u n t  o f  

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

S h a r p e  and  T e e s  ( 1 9 7 8 ) ,  f o r  e x a m p l e ,  h a v e  n o t e d  t h a t  t h e  

v e r y  s am e  n e u r o p h y s i o l o g i c a l  d a t a  h a v e  b e e n  i n t e r p r e t e d  a s  

s u p p o r t i v e  o f  e a c h  o f  two p a r t i c u l a r  c o m p e t i n g  m o d e l s  b y  

d i f f e r e n t  e x p e r i m e n t e r s !

A f i n a l  a d a p t a t i o n - t y p e  m o d e l  w h i c h  h a s  b e e n  p r o p o s e d  

( H i r s c h  & M u r c h ,  1 9 7 2 ;  M u r c h ,  1 9 7 2 ;  S h a t t u c k  & H e l d ,  1 9 7 5 ;  

A m b l e r  & F o r e i t ,  1 9 7 8 )  s u g g e s t s  t h a t  t h e  e f f e c t  o c c u r s  i n  

two s t a g e s ,  w i t h  a c o l o r  s t a g e  ( a t  t h e  LGN?) " f e e d i n g  i n t o "  

a ( c o r t i c a l )  l e v e l  w h i c h  i s  s p e c i f i c  t o  s p a t i a l  a s p e c t s  o f
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t h e  p a t t e r n .  An e x a m p l e  o f  a f i n d i n g  u s e d  a s  e v i d e n c e  f o r  

s u c h  a v i e w  i s  t h e  i n d e p e n d e n c e  o f  t h e  s i m p l e  s p a t i a l  

f r e q u e n c y  s h i f t  a n d  s p a t i a l  f r e q u e n c y  c o n t i n g e n t  c h r o m a t i c  

AE r e s u l t i n g  f r o m  t h e  s ame  a d a p t a t i o n  c o n d i t i o n s  ( M u r c h ,

1 9 7 2 ) .  S p e c i f i c a l l y ,  t h e  f o r m e r  e f f e c t  d e c a y s  m o r e  r a p i d l y  

t h a n  t h e  l a t t e r  a nd  o n l y  t h e  f o r m e r  s h o w s  i n t e r o c u l a r  

t r a n s f e r .  The  s u g g e s t i o n  i s  t h a t  t h e  c o l o r  i n f o r m a t i o n  i s  

p r o c e s s e d  a t  a  l o w e r  l e v e l  ( a n d  t h u s  d o e s  n o t  t r a n s f e r  

i n t e r o c u l a r l y )  a n d  t h e n  " f e e d s  i n t o "  h i g h e r  l e v e l  m e c h a n i s m s  

p r o c e s s i n g  s p a t i a l  i n f o r m a t i o n .  R i g g s ,  W h i t e ,  a nd  E i m as  

( 1 9 7 4 )  a l s o  c l a i m  t h a t  t h e  c o m p l e x  f o r m  o f  t h e  MS 

a c q u i s i t i o n  and  d e c a y  f u n c t i o n s  f a v o r  a t  l e a s t  a t w o - s t a g e  

m o d e l .

A s s o c i a t i o n  M o d e l s

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

b e e n  p e r c e i v e d  a s  i n a d e q u a t e ;  i n  t h e i r  p l a c e  l e a r n i n g  o r  

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

a r g u m e n t s  a g a i n s t  a s i m p l e  f a t i g u e  o r  a d a p t a t i o n  m o d e l  

c o n c e r n  t h e  d e c a y  o f  t h e  ME.

F i r s t  o f  a l l ,  t h e  d e c a y  o f  t h e  ME h a s  a n  e x t r e m e l y  l o n g  

t i m e  c o u r s e .  J o n e s  a nd  H o l d i n g  ( 1 9 7 5 ) ,  f o r  e x a m p l e ,  

r e p o r t e d  a m e a s u r a b l e  e f f e c t  a t  up  t o  t h r e e  m o n t h s  f o l l o w i n g  

a d a p t a t i o n  and  t h e i r  d e c a y  c u r v e  e x t r a p o l a t e d  t o  z e r o  a t  s i x  

t o  n i n e  m o n t h s .  S u c h  a l o n g - l a s t i n g  e f f e c t  s e e m s  

i n c o m p a t i b l e  w i t h  f a t i g u e  m o d e l s ;  m o s t  s i m p l e  AEs d e c a y
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w i t h i n  m i n u t e s .  S e c o n d ,  t h e  c o u r s e  o f  d e c a y  h a s  b e e n  shown  

t o  d e p e n d  u p o n  t h e  t y p e  o f  v i s u a l  s t i m u l a t i o n  i n t e r v e n i n g  

b e t w e e n  a d a p t a t i o n  a n d  t e s t .  F o r  e x a m p l e ,  v i e w i n g  

a c h r o m a t i c  g r a t i n g s  h a s t e n s  d e c a y  ( R i g g s  e t  a l . ,  1 9 7 4 ;  

H o l d i n g  & J o n e s ,  1 9 7 6 ;  Skowbo & C l y n e s ,  1977 )  w h i l e  s l e e p  o r  

d a r k n e s s  a r r e s t s  i t  (D.  M. MacKay & MacKay,  1 9 7 5 b ) . A g a i n ,  

t h e s e  r e s u l t s  a r e  i n c o m p a t i b l e  w i t h  a s i m p l e  f a t i g u e  m o d e l .

The  s e c o n d  m o s t  c om m o nl y  c i t e d  c r i t i c i s m  o f  t h e  

a d a p t a t i o n  m o d e l s  i s  t h a t  t h e y  l a c k  p a r s i m o n y  ( e . g .  Le pp ma n ,  

1 9 7 3 ;  M u r c h ,  1 9 7 4 ;  H a r r i s ,  1 98 0)  . An a d a p t a t i o n  m o d e l  w o u l d  

n e c e s s i t a t e  t h e  p o s i t i n g  o f  a n o t h e r  t y p e  o f  d o u b l e - d u t y  

m e c h a n i s m  ( e . g .  s e n s i t i v e  t o  d i r e c t i o n  o f  m o t i o n  and  s p a t i a l  

f r e q u e n c y ,  o r  t o  b i n o c u l a r  d i s p a r i t y  a nd  c o l o r )  f o r  e a c h  new 

CAE d e m o n s t r a t e d ,  a n d  a d d i t i o n a l  CAEs s e e m e d  t o  b e  r e p o r t e d  

w i t h  a l a r m i n g  f r e q u e n c y  ( s e e  Mayhew & A n s t i s ,  1 9 7 2 ;  W y a t t ,  

1 9 7 4 ;  Skowbo e t  a l . ,  1 9 7 5 ;  S t r o m e y a r ,  1 9 7 8 ) .  W h i l e  t h i s  i s

a  common c r i t i c i s m  o f  t h e  a d a p t a t i o n  m o d e l s ,  i t  i s  a r a t h e r  

weak  a r g u m e n t  g i v e n  t h e  c o m p l e x i t y  o f  t h e  n e r v o u s  s y s t e m ,  

a nd  many  r e s e a r c h e r s  do  n o t  s eem t o  f i n d  s u c h  c o m p l e x i t y  

d i s t u r b i n g  ( e . g .  R.  A. S m i t h ,  1 9 7 6 ;  V i r s u  & H a a p a s a l o ,

1 9 7 3 ) .

M o s t  a s s o c i a t i o n  m o d e l s  w h i c h  h a v e  b e e n  p r o p o s e d  h a v e  

b e e n  f a i r l y  g e n e r a l ,  s u g g e s t i n g  some s o r t  o f  a s s o c i a t i o n  

p r o c e s s  b e t w e e n  s p a t i a l  a nd  c o l o r  a s p e s c t s  o f  a  s t i m u l u s .  

F o r  e x a m p l e ,  C r e u t z f e l d t  ( 1 9 7 3 )  s u g g e s t e d  t h a t  t h e  e f f e c t  

m i g h t  be  d u e  t o  " . . . s e l e c t i v e  f u n c t i o n a l  c o n n e c t i o n s  b e t w e e n



12

c o l o r  s e n s i t i v e  c e l l s  a nd  a c h r o m a t i c  e d g e  d e t e c t o r s  w i t h i n  

c o r t i c a l  c o l u m n s " ;  Leppman  ( 1 9 7 3 )  p r o p o s e d  i t  was  d u e  t o  a n  

a s s o c i a t i o n  " b e t w e e n  s p a t i a l  a s p e c t s  and  a n  o p p o n e n t  c o l o u r  

r e s p o n s e "  i n  a p r o c e s s  " a n a l o g o u s  t o  c l a s s i c a l  

c o n d i t i o n i n g " ;  D.  M. MacKay a n d  MacKay s u g g e s t e d  

" . . . c o o p e r a t i v e  c h a n g e s  a t  a s y n a p t i c  o r  s u b s y n a p t i c  l e v e l  

t h r o u g h o u t  a n  ' a s s o c i a t i o n  n e t w o r k ' . . . "  ( 1 9 7 4 )  o r  

" . . . s o m e t h i n g  l i k e  a s s o c i a t i v e  h a b i t u a t i o n  o f  s y n a p t i c  

c o u p l i n g s . . . "  ( 1 9 7 5 b ) .  S h u t e  ( 1 9 7 9 )  a l s o  f a v o r s  a n  

a s s o c i a t i o n  m o d e l ,  p e r v e r s e l y  c a l l i n g  t h e  m e c h a n i s m  a 

" f o r g e t t i n g "  p r o c e s s .

A c l a s s i c a l  c o n d i t i o n i n g  m o d e l ,  w h e r e  t h e  g r a t i n g  

s e r v e s  a s  c o n d i t i o n a l  s t i m u l u s  ( C S ) , c o l o r  a s  u n c o n d i t i o n a l  

s t i m u l u s  (US) , a nd  t h e  u n c o n d i t i o n a l  (UR) a nd  c o n d i t i o n a l  

r e s p o n s e  (CR) i s  a  c h a n g e  i n  s p e c t r a l  s e n s i t i v i t y ,  h a s  b e e n  

p r o p o s e d  b y  Mur ch  ( 1 9 7 6 ,  1 97 7)  . The  m o s t  f r e q u e n t l y

m e n t i o n e d  s i m i l a r i t y  b e t w e e n  t h e  ME a n d  c l a s s i c a l  

c o n d i t i o n i n g  i s  t h e  f a c t  t h a t  r e p e a t e d  e x p o s u r e  t o  

a c h r o m a t i c  g r i d s  p r o d u c e s  f a s t e r  ME d e c a y ,  j u s t  a s  r e p e a t e d  

e x p o s u r e  t o  a CS p r o d u c e s  e x t i n c t i o n  o f  a CR i n  c l a s s i c a l  

c o n d i t i o n i n g .  O t h e r  s i m i l a r i t i e s  i n c l u d e  t h e  f o l l o w i n g :  

( a )  An i n c r e a s e  i n  ME s t r e n g t h  b e t w e e n  two t e m p o r a l l y  s p a c e d  

t e s t i n g s  i s  s o m e t i m e s  r e p o r t e d  (Mayhew & A n s t i s ,  1 9 7 2 ;  

Skowbo & C l y n e s ,  1 9 7 7 ) ,  j u s t  a s  " s p o n t a n e o u s  r e c o v e r y "  o f  a 

CR o c c u r s  i f  a d e l a y  f o l l o w s  e x t i n c t i o n  ( P a v l o v ,  1 9 2 7 ) .  (b)

U s i n g  two p a t t e r n - c o l o r  p a i r i n g s  r a t h e r  o n e  p r o d u c e s
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n a r r o w e r  " t u n i n g  c u r v e s "  ( W y a t t ,  1 9 7 4 ;  M u r c h ,  1 9 7 6 ;  V.  

MacKay & MacKay ,  1 9 7 7 ) ,  j u s t  a s  d i s c r i m i n a t i o n  t r a i n i n g  

l e a d s  t o  s t e e p e r  g e n e r a l i z a t i o n  g r a d i e n t s  ( L i u ,  1 9 7 1 ;  T o m i e ,  

D a v i t t ,  & E n g b e r g ,  1 9 7 6 ) .  ( c )  A ME c a n  b e  p r o d u c e d  when  t h e

p a t t e r n  and  c o l o r  a r e  t e m p o r a l l y  ( M u r c h ,  1 9 7 6 ;  S c h m i d t ,  

P i n e t t e ,  & F i n k e ,  1 9 78 )  o r  s p a t i a l l y  ( S c h m i d t  e t  a l . ,  1978)  

s e p a r a t e d ,  j u s t  a s  i s  t y p i c a l l y  t h e  c a s e  o f  t h e  CS a n d  US i n  

c l a s s i c a l  c o n d i t i o n i n g .  (d)  As a c q u i s i t i o n  o f  t h e  ME i s  

r e p e a t e d ,  f e w e r  t r i a l s  a r e  n e c e s s a r y  t o  p r o d u c e  a g i v e n  

l e v e l  o f  s t r e n g t h  ( S c h m i d t ,  e t  a l . ,  1 9 7 8 ) ,  j u s t  a s  t h e

r e a c q u i s i t i o n  o f  a CR a f t e r  i t s  p r i o r  e x t i n c t i o n  i s  r a p i d ,  

(e )  I n s p e c t i n g  a c h r o m a t i c  g r i d s  b e f o r e  ME a d a p t a t i o n  r e d u c e s  

s u b s e q u e n t  ME s t r e n g t h  ( W h i t e  & G r a v e s ,  1 9 7 6 ,  c i t e d  by 

Skowbo & C l y n e s ,  1 97 7)  j u s t  a s  p r i o r  e x p o s u r e  t o  a CS a l o n e  

i m p e d e s  a c q u i s i t i o n  o f  a CR when  t h e  CS i s  l a t e r  p a i r e d  w i t h  

a US,  a p h e n o m e n o n  known a s  " l a t e n t  i n h i b i t i o n "  ( e . g .  Lubow 

& M o o r e , 1 9 59 )  .

To t h e  a b o v e  l i s t  o f  s i m i l a r i t i e s  w h i c h  h a v e  b e e n  n o t e d  

b e t w e e n  c l a s s i c a l  c o n d i t i o n i n g  a nd  t h e  ME, I  w o u l d  add  t h e  

f o l l o w i n g  f o u r  p o i n t s :  F i r s t ,  o t h e r  c a s e s  o f  c o n d i t i o n e d

p e r c e p t u a l  r e s p o n s e s  h a v e  b e e n  r e p o r t e d ,  i n c l u d i n g  

c o n d i t i o n e d  a f t e r i m a g e s  w i t h  a t o n e  a s  CS ( D a v i e s ,  1 9 7 6 ) .  

D i s p l a c e m e n t  a f t e r e f f e c t s  f o l l o w i n g  a d a p t a t i o n  t o  p r i s m s  

h a v  _* a l s o  b e e n  i n t e r p r e t e d  a s  c a s e s  o f  c l a s s i c a l
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c o n d i t i o n i n g ,  f o l l o w i n g  T a y l o r ' s  ( 1 9 5 2 )  w o r k . ’1" T a y l o r

d e v e l o p e d  w h a t  a m o u n t s  t o  a d i s c r i m i n a t i o n  p r o c e d u r e  i n  

w h i c h  t h e  AE c a n  b e  ma de  c o n t i n g e n t  u p o n  g o g g l e - w e a r i n g  

( K r a v i t z ,  1 9 7 2 )  o r  e v e n  t h e  o c c u r r e n c e  o f  a t o n e  ( K r a v i t z  & 

Y a f f e ,  1 9 7 2 ) .  S e c o n d ,  i f  two o r i e n t a t i o n s  (V.  MacKay & 

MacKay,  1 9 7 7 )  o r  two s p a t i a l  f r e q u e n c i e s  ( L o v e g r o v e  & O v e r ,  

19 72 )  a r e  u s e d  a s  t h e  a d a p t a t i o n / t e s t  g r a t i n g s ,  t h e  

s t r o n g e s t  ME may o c c u r  a t  a n  o r i e n t a t i o n  o r  s p a t i a l  

f r e q u e n c y  w h i c h  i s  d i f f e r e n t  f r o m  t h e  a d a p t a t i o n  v a l u e ,  

s h i f t e d  i n  a  d i r e c t i o n  a way  f r o m  t h e  o t h e r  v a l u e ,  a n d  t h e  

d e g r e e  o f  t h i s  " p e a k  s h i f t "  i n c r e a s e s  a s  t h e  two a d a p t a t i o n  

s t i m u l i  a r e  m o r e  s i m i l a r  t o  e a c h  o t h e r  (V.  MacKay & MacKay,  

1977)  . An a n a l o g o u s  p h e n o m e n o n ,  known a s  t h e  " p e a k  s h i f t , "

^ T a y l o r ' s  m o d e l  i s  a c t u a l l y  m o r e  a n  o p e r a n t  c o n d i t i o n i n g  
m o d e l ,  b u t  s u b s e q u e n t  i n v e s t i g a t o r s  h a v e  l a r g e l y  d e s c r i b e d  
t h e  p r i s m  s i t u a t i o n  i n  P a v l o v i a n  t e r m s  i n  c a s e s  w h e r e  t h e  
d i s t i n c t i o n  i s  m a d e .
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a l s o  o c c u r s  i n  c l a s s i c a l  c o n d i t i o n i n g ' * '  ( H u p k a ,  L i u ,  & 

M o o r e ,  1 9 6 9 ;  M o o r e ,  1 9 7 2 ;  B u s h n e l l  & W e i s s ,  1 9 8 0 )  w i t h  

g e n e r a l i z a t i o n  t e s t i n g  f o l l o w i n g  d i s c r i m i n a t i o n  t r a i n i n g  on  

t wo C S ' s  d i f f e r i n g  a l o n g  some s t i m u l u s  d i m e n s i o n  ( w h e r e  o n e  

CS i s  p a i r e d  w i t h  t h e  US a n d  t h e  o t h e r  i s  n o t ) .  T h i r d ,  

S h u t e  ( 1 9 7 9 )  h a s  r e p o r t e d  a f i n d i n g  w h i c h  i s  c o n s i s t e n t  w i t h  

t h e  c o n d i t i o n i n g  l i t e r a t u r e .  S p e c i f i c a l l y ,  t h e  u s u a l  ME was  

b u i l t  up  w i t h  r e d  a n d  g r e e n  p a i r e d  w i t h  v e r t i c a l  and  

h o r i z o n t a l  g r a t i n g s ,  r e s p e c t i v e l y ,  a n d  t h e  s u b j e c t  t h e n  w o r e  

a r e d  f i l t e r  f o r  36 m i n u t e s  f o l l o w i n g  a s i n g l e  t e s t  

m e a s u r i n g  t h e  s t r e n g t h  o f  t h e  ME. Upon r e m o v a l  o f  t h e  r e d  

f i l t e r  i t  w as  f o u n d  t h a t  t h e  r e d  c o m p o n e n t  o f  t h e  ME wa s  

s l i g h t l y  h i g h e r  t h a n  i m m e d i a t e l y  a f t e r  a d a p t a t i o n  b u t  

d e c a y e d  f a s t e r  t h a n  u s u a l ,  w h i l e  t h e  g r e e n  c o m p o n e n t  was

AThe  p e a k  s h i f t  i s  
c l a s s i c a l  c o n d i t i o n i n g  
( e . g .  S p e n c e ,  1 9 3 7 ;  
( 1 9 8 0 ) ,  f o r  e x a m p l e ,  
a u t o s h p a i n g  i n  o n l y  
n i c t i t a t i n g  m e m b r a n e  
a u d i t o r y  s t i m u l i  o n l y  
t h a n  t h e  CS+ ( H u p k a ,

n o t  n e a r l y  s o  
a s  i t  i s  f o r  

H a n s o n ,  1 9 5 9 )  . 
d e m o n s t r a t e d

1 / 6  b i r d s ,  
r e s p o n s e  i t  
when  t h e  CS-  

L i u ,  & M o o r e ,

r o b u s t  a f i n d i n g  f o r  
o p e r a n t  c o n d i t i o n i n g  

B u s h n e l l  a nd  W e i s s  
t h e  p h e n o m e n o n  w i t h

and  f o r  t h e  r a b b i t ' s  
h a s  b e e n  o b s e r v e d  w i t h  
i s  h i g h e r  i n  f r e q u e n c y  
1 9 6 9 ;  L i u ,  1 9 7 1 ;  M o o r e ,  

1 9 7 2 ) .  I n  a l l  o f  t h e  a b o v e  c a s e s ,  h o w e v e r ,  a n  a r e a  s h i f t  
was  d e m o n s t r a t e d ,  w h i c h  s u g g e s t s  t h a t  i n h i b i t i o n  d u e  t o  t h e  
CS-  i s  p r e s e n t  b u t  n o t  a l w a y s  l a r g e  e n o u g h  t o  p r o d u c e  a  p e a k  
s h i f t .  I t  s h o u l d  b e  n o t e d  t h a t  i n  t h e  t y p i c a l  ME p r o c e d u r e

a s s o c i a t e d  w i t h  e x t i n c t i o n  ( a b s e n c e  o f  US) 
d i s c r i m i n a t i o n  p r o c e d u r e ,  b u t  w i t h  a n o t h e r  
a UR ( s a y ,  g r e e n  AE) i n c o m p a t i b l e  w i t h  and  
o t h e r  UR ( s a y ,  r e d  A E ) . One w o u l d  e x p e c t ,  
much l a r g e r  " i n h i b i t o r y "  i n f l u e n c e  and  t h u s  

a g r e a t e r  p e a k  s h i f t .  I t  w o u l d  b e  i n t e r e s t i n g  t o  l o o k  f o r  a 
p e a k  s h i f t  w i t h  t h e  d i r e c t  a n a l o g u e  o f  t h e  d i s c r i m i n a t i o n  
p r o c e d u r e  ( e . g .  o n e  o r i e n t a t i o n  p a r i e d  w i t h  r e d  a nd  a n o t h e r  
w i t h  w h i t e ) .

t h e  " C S - "  i s  n o t  
a s  i n  t h e  u s u a l  
US w h i c h  e l i c i t s  
o p p o s i t e  t o  t h e  
i n  t h i s  c a s e ,  a
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m a i n t a i n e d  a t  r o u g h l y  t h e  same  l e v e l  a nd  d e c a y e d  a t  t h e

u s u a l  r a t e . "*"  S h u t e  e x p l a i n e d  t h e s e  r e s u l t s  i n  t e r m s  o f

i n h i b i t o r y  e f f e c t s  o f  o p p o n e n t  c o l o r  m e c h a n i s m s ,  b u t  i t

m i g h t  a l s o  b e  c o n s i d e r e d  i n  t h e  l i g h t  o f  t h e  c o n d i t i o n i n g

m o d e l .  I f  c o l o r s  s e r v e  a s  U S ' s  (US-R a n d  US-G) a n d  g r i d

o r i e n t a t i o n  a s  C S ' s  (CS-V a n d  C S - H ) , S h u t e ' s  e x p e r i m e n t

w o u l d  b e  e q u i v a l e n t  t o  r e m o v i n g  t h e  c o n t i n g e n c y  i n  o n e  CS/US 
2

p a i r :  S i n c e  t h e  US-R o c c u r s  a t  a l l  t i m e s  i t  i s

i n d e p e n d e n t  o f  t h e  p r e s e n c e / a b s e n c e  o f  t h e  C S ' s  ( i . e . ,  

p ( U S - R / C S - V )  = p ( U S - R / C S - V )  = 1 . 0 ) .  W h e r e a s  r e m o v i n g  t h e

CS-US c o n t i n g e n c y  l e a d s  t o  e x t i n c t i o n  o f  t h e  CR ( R e s c o r l a ,  

1 9 6 7 ) ,  E p s t e i n  and  S k i n n e r  ( 1 9 3 0 )  h a v e  r e c e n t l y  r e p o r t e d  

t h a t  a u t o s h a p e d  k e y  p e c k s  ( C R ' s )  i n  p i g e o n s  s how a 

" r e s u r g e n c e "  when a d o t  (CS) i s  p r e s e n t e d  f o l l o w i n g  

e x t i n c t i o n  o f  t h e  p r e v i o u s l y  c o n d i t i o n e d  r e s p o n s e  t h r o u g h  

r e m o v a l  o f  t h e  CS-US c o n t i n g e n c y .  ( T h i s  i s  n o t  t h e  e x a c t  

a n a l o g u e  o f  S h u t e ' s  e x p e r i m e n t  s i n c e  t h e  p (US)  i n  t h e  

E p s t e i n  and  S k i n n e r  e x t i n c t i o n  p r o c e d u r e  was  s o m e w h e r e

S h u t e ' s  m a t c h  m e t h o d  o f  m e a s u r i n g  ME s t r e n g t h  a c t u a l l y  
o n l y  m e a s u r e s  t h e  r e d  c o m p o n e n t .  My d e s c r i p t i o n  a b o v e  o f  
w h a t  h a p p e n e d  t o  t h e  g r e e n  c o m p o n e n t  f o l l o w i n g  r e d - f l o o d i n g  
i s  w h a t  S h u t e  f o u n d  w i t h  r e s p e s c t  t o  t h e  r e d  c o m p o n e n t  
f o l l o w i n g  g r e e n - f l o o d i n g .

2 A c o n t i n g e n c y _ i s  s a i d  t o  e x i s t  b e t w e e n  a CS a n d _ a  US i f  
p ( U S / C S )  *  p ( U S / C S ) , w h e r e  p ( U S / C S )  and  p ( U S/ C S )  a r e  
c o n d i t i o n a l  p r o b a b i l i t i e s  t h a t  t h e  US o c c u r s  g i v e n  t h a t  t h e  
CS i s  o r  i s  n o t  p r e s e n t e d ,  r e s p e c t i v e l y  ( R e s c o r l a ,  1 9 6 7 ;  
G i b b o n ,  B e r r y m a n ,  & T h o m p s o n ,  1 9 7 4 )  .
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b e t w e e n  0 a nd  1 . 0 . )  The  a u t h o r s  s u g g e s t e d  v a r i o u s  p o s s i b l e  

e x p l a n a t i o n s  o f  t h e  e f f e c t .  F o r  o u r  p u r p o s e s ,  i t  i s  e n o u g h  

t o  n o t e  t h a t  t h e  e f f e c t  o c c u r s  a nd  i s  a n a l o g o u s  t o  S h u t e ' s  

f i n d i n g s ,  a t  l e a s t  o n  a q u a l i t a t i v e  l e v e l .  F i n a l l y ,  W y a t t

( 1 9 7 4 )  h a s  d e m o n s t r a t e d  two t y p e s  o f  " d o u b l y  c o n t i n g e n t "
1

A E s , o n e  o f  w h i c h  i s  r e m i n i s c e n t  o f  a n o t h e r  c l a s s i c a l  

c o n d i t i o n i n g  p r o c e d u r e .  W y a t t ' s  s u b j e c t s  w e r e  e x p o s e d  t o  

two a d a p t a t i o n  p r o c e d u r e s ,  o n e  i n  w h i c h  v e r t i c a l  g r a t i n g s  o f  

two s p a t i a l  f r e q u e n c i e s  w e r e  i l l u m i n a t e d  i n  e i t h e r  r e d  o r  

g r e e n  t o  p r o d u c e  a f r e q u e n c y - c o n t i n g e n t  c h r o m a t i c  AE. I n  

t h e  s e c o n d  a d a p t a t i o n  p e r i o d  g r a t i n g s  o f  t h e  same  two 

s p a t i a l  f r e q u e n c i e s  w e r e  t i l t e d  t o  t h e  r i g h t  o r  l e f t ,  t o  

p r o d u c e  a n  o r i e n t a t i o n - c o n t i n g e n t  s p a t i a l  f r e q u e n c y  s h i f t .  

I n  a f i n a l  t e s t  p h a s e ,  g r a t i n g s  o f  i n t e r m e d i a t e  and  e q u a l  

s p a t i a l  f r e q u e n c y  w e r e  t i l t e d  t o  t h e  r i g h t  o r  l e f t ,  b u t  

a p p e a r e d  s h i f t e d  i n  s p a t i a l  f r e q u e n c y  and  c o l o r e d  p i n k  o r  

g r e e n .  W y a t t  p o i n t e d  o u t  t h a t  t h e  d a t a  c o u l d  b e  i n t e r p r e t e d  

i n  t e r m s  o f  a d a p t e d  t r i p l e - d u t y  i n f o r m a t i o n  c h a n n e l s  o r  a 

s e q u e n t i a l  m o d e l  i n  w h i c h  t h e  o u t p u t  o f  o n e  s t a g e  ( s p a t i a l  

f r e q u e n c y  s h i f t )  s e r v e d  a s  t h e  i n p u t  f o r  t h e  n e x t

( o r i e n t a t i o n  — > s p a t i a l  f r e q u e n c y  s h i f t ,  s p a t i a l  f r e q u e n c y  

— > c o l o r  A E ) . The  l a t t e r  " s t a g e "  m o d e l  c a n  b e  c o m p a r e d  

w i t h  h i g h e r  o r d e r  c o n d i t i o n i n g ,  i n  w h i c h  a s t i m u l u s ,  CS1 ,  i s  

p a i r e d  w i t h  a US,  a nd  t h e n  a n o t h e r  s t i m u l u s ,  C S 2 , i s  p a i r e d  

w i t h  CS1 ,  w i t h  t h e  r e s u l t  t h a t  CS2 e l i c i t s  a CR w i t h o u t  

h a v i n g  b e e n  d i r e c t l y  p a i r e d  w i t h  t h e  US ( P a v l o v ,  1 9 2 7 ) .  I n
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W y a t t ' s  e x p e r i m e n t ,  t h e  c o l o r s  w o u l d  b e  a n a l o g o u s  t o  t h e  US,  

t h e  d i f f e r e n t  s p a t i a l  f r e q u e n c i e s  C S l ' s ,  a nd  t h e  

o r i e n t a t i o n s  C S 2 ' s .

V a r i o u s  c r i t i c i s m s  h a v e  b e e n  m a d e ,  b o t h  o f  a s s o c i a t i o n  

m o d e l s  i n  g e n e r a l  a nd  o f  M u r c h ' s  ( 1 9 7 6 )  c l a s s i c a l  

c o n d i t i o n i n g  m o d e l  i n  p a r t i c u l a r .  The  f o l l o w i n g  p o i n t s  a r e  

e s p e c i a l l y  r e l e v a n t  t o  t h e  l a t t e r .  ( a )  I t  w as  p o i n t e d  o u t  

f a i r l y  e a r l y  ( e . g .  R i g g s  e t  a l . ,  1 97 4 )  t h a t  t h e  ME i n v o l v e d  

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

c o n d i t i o n i n g  m o d e l ,  s i n c e  a CR i s  g e n e r a l l y  s i m i l a r  t o  t h e  

UR. T h a t  i s ,  p a i r i n g  r e d  w i t h  a v e r t i c a l  g r i d  s h o u l d  r e s u l t  

i n  a r e d ,  n o t  g r e e n ,  AE a s s o c i a t e d  w i t h  v e r t i c a l  g r i d s .  

T h i s  i s  t y p i c a l l y  no  l o n g e r  s e e n  a s  p r o b l e m a t i c  ( e . g .  

H a r r i s ,  1 9 8 0 ) ,  s i n c e  t h e  " n e u t r a l i z i n g  r e s p o n s e "  r a t h e r  t h a n  

t h e  p e r c e p t i o n  i s  v i e w e d  a s  t h e  CR. O t h e r  c a s e s  o f  a CR 

b e i n g  o p p o s i t e  i n  d i r e c t i o n  f r o m  a UR h a v e  a l s o  b e e n  

d e s c r i b e d ,  s u c h  a s  h e a r t  r a t e  c h a n g e s  w i t h  s h o c k  a s  t h e  US 

( B l a c k ,  1971)  a nd  c o n d i t i o n e d  d r u g  t o l e r a n c e  w i t h  m o r p h i n e  

a s  t h e  US ( S i e g e l ,  1 9 7 5 ) .  I t  s e e m s  l i k e l y  t h a t  

c h a r a c t e r i s t i c s  o f  a CR w i l l  d e p e n d  u p o n  w h e t h e r  o r  n o t  t h e  

n e r v o u s  s y s t e m  i n i t i a t e s  some s o r t  o f

h o m e o s t a s i s - m a i n t a i n i n g  m e c h a n i s m .  (b)  H o l d i n g  and  J o n e s  

( 1 9 7 6 )  h a v e  n o t e d . t h a t  a s i n g l e  " e x t i n c t i o n "  t r i a l  i s  e n o u g h  

t o  i n i t i a t e  a p r e d i c t a b l e ,  a n d  s e e m i n g l y  i n v a r i a n t ,  d e c a y  

c o u r s e .  E x t i n c t i o n  i n  c l a s s i c a l  c o n d i t i o n i n g  t y p i c a l l y  

n e c e s s i t a t e s  s e v e r a l  t r i a l s  i n  w h i c h  t h e  CS o c c u r s  w i t h o u t
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t h a  US,  and  d e p e n d s  o n  t h e  n u m b e r  o f  s u c h  o c c u r r e n c e s  r a t h e r  

t h a n  t i m e .  I t  m i g h t  b e  n o t e d ,  o n  t h e  o t h e r  h a n d ,  t h a t  a 

d e c a y - l i k e  d e c l i n e  i n  l e a r n e d  b e h a v i o r  o v e r  t i m e  h a s  b e e n  

r e p o r t e d ,  a l t h o u g h  i n v e s t i g a t e d  b u t  l i t t l e  ( s e e  M a c k i n t o s h ,  

19 7 4 )  . ( c )  P r e s e n t i n g  t h e  c o l o r  b e f o r e  t h e  p a t t e r n  w o u l d  be

t h e  a n a l o g u e  o f  b a c k w a r d s  c o n d i t i o n i n g  ( w h e r e  US p r e c e d e s  

CS) i n  t h e  P a v l o v i a n  p a r a d i g m ,  w h i c h  t y p i c a l l y  l e a d s  t o  

l i t t l e  i f  a n y  l e a r n i n g  ( s e e ,  f o r  e x a m p l e ,  M a c k i n t o s h ,  1 9 7 4 ,  

p p .  5 8 - 6 0 )  . I n  t h e  c a s e  o f  t h e  ME, h o w e v e r ,  t h e  r e s u l t  i s  a 

" r e v e r s e d  ME" w h e r e  t h e  same  c o l o r  a s  p r e c e d e d  t h e  p a t t e r n  

i s  r e p o r t e d  when t h e  a c h r o m a t i c  p a t t e r n  i s  v i e w e d  ( Mu rc h  & 

H i r s c h ,  1 9 7 2 ;  M u r c h ,  1 9 7 6 ;  S c h m i d t ,  e t  a l . ,  1 9 7 8 ) .  W h i l e  

Murch  h a s  i n t e r p r e t e d  t h i s  a s  a c a s e  w h e r e  t h e  c h r o m a t i c  

a f t e r i m a g e  s e r v e d  a s  t h e  CS,  S c h m i d t  e t  a l .  ( 1 9 7 8 )  p o i n t  o u t  

t h a t  t h i s  m a k e s  l i t t l e  s e n s e  and  w o u l d  r e q u i r e  t h a t  t h e  

a f t e r i m a g e  i t s e l f  e l i c i t  a n o t h e r  n e u t r a l i z i n g  r e s p o n s e .  On 

t h e  o t h e r  h a n d ,  t h e r e  i s  e v i d e n c e  i n  t h e  c o n d i t i o n i n g  

l i t e r a t u r e  t h a t  a b a c k w a r d  c o n d i t i o n i n g  p r o c e d u r e  may 

p r o d u c e  i n h i b i t o r y  c o n d i t i o n i n g  ( e . g .  K a m i n ,  1 9 6 3 ) .  I f  f o r  

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

t r a n s l a t e  i n t o  " c o m p l e m e n t "  t h e n  p e r h a p s  t h e s e  r e s u l t s  a r e  

c o n s i s t e n t  w i t h  a c l a s s i c a l  c o n d i t i o n i n g  p a r a d i g m  a f t e r  a l l .  

(d)  V a r i o u s  m i s c e l l a n e o u s  d i f f e r e n c e s  b e t w e e n  t h e  ME a nd  

a c c e p t e d  i n s t a n c e s  o f  c l a s s i c a l  c o n d i t i o n i n g  h a v e  b e a n  

p o i n t e d  o u t  b y  M c C a r t e r  a nd  S i l v e r  ( 1 9 7 7 ) ,  s u c h  a s  t h e  f a c t  

t h a t  a n  e f f e c t i v e  US t y p i c a l l y  h a s  m o t i v a t i o n a l  q u a l i t i e s
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a n d  t h a t  s i m u l t a n e o u s  c o n d i t i o n i n g  i s  g e n e r a l l y  p o o r  f o r  

c l a s s i c a l  c o n d i t i o n i n g  b u t  o p t i m a l  f o r  t h e  ME. M o s t  o f  

t h e s e  c r i t i c i s m s ,  h o w e v e r ,  h a v e  b e e n  a d e q u a t e l y  d e f e n d e d  b y  

Mur ch  ( 1 9 7 7 ) ,  a n d  i n  my o p i n i o n  a r e  n o t  m a j o r  o b s t a c l e s  t o  

t h e  m o d e l .  ( e )  W y a t t  ( 1 9 7 4 )  n o t e d  t h a t  when s u b j e c t s  w e r e  

e x p o s e d  t o  a d a p t a t i o n  w i t h ,  s a y ,  r e d  n a r r o w  g r i d s  

a l t e r n a t i n g  w i t h  g r e e n  w i d e  g r i d s ,  b o t h  s p a t i a l  

f r e q u e n c y - c o n t i n g e n t  c o l o r  AEs a nd  c o l o r - c o n t i n g e n t  s p a t i a l  

f r e q u e n c y  s h i f t s  w e r e  r e p o r t e d  w i t h  t h e  a p p r o p r i a t e  t e s t  

s t i m u l i .  T h a t  i s ,  e a c h  s t i m u l u s  d i m e n s i o n  was

s i m u l t a n e o u s l y  f u n c t i o n i n g  a s  b o t h  CS a nd  US.  A l t h o u g h  a

g i v e n  s t i m u l u s  c a n  f u n c t i o n  a s  e i t h e r  CS o r  US d e p e n d i n g

u p o n  i ' t s  t e m p o r a l  l o c a t i o n  a n d  s t r e n g t h  r e l a t i v e  t o  t h e  

o t h e r  s t i m u l u s  ( e . g .  P a v l o v ,  1 9 2 7 ;  J o n e s ,  1 9 2 4 ) ,  I  know o f  

no c a s e  a n a l o g o u s  t o  W y a t t ' s  i n  t h e  c o n d i t i o n i n g  l i t e r a t u r e .

O t h e r  c r i t i c i s m s  a p p l y  e q u a l l y  t o  t h e  c l a s s i c a l  

c o n d i t i o n i n g  and  g e n e r a l  a s s o c i a t i o n  m o d e l s .  F i r s t  o f  a l l ,  

s e v e r a l  a u t h o r s  h a v e  n o t e d  t h a t  ME g e n e r a l i z a t i o n  may b e  

u n l i k e  w h a t  o n e  m i g h t  e x p e c t  b a s e d  u p o n  a s s o c i a t i o n  

a n a l o g u e s  ( F o r e i t  & A m b l e r ,  1 9 7 8 ;  S h a r p e  & T e e s ,  1 9 7 8 ;

H a r r i s ,  1 9 8 0 ) .  F o r  e x a m p l e ,  i f  i n t e r r u p t e d  o r  b l u r r e d  l i n e s  

a r e  u s e d  d u r i n g  a d a p t a t i o n ,  m a x i m a l  MEs a r e  o b s e r v e d  on

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

i d e n t i c a l  t o  t h e  a d a p t a t i o n  s t i m u l i  ( S h a r p e  & T e e s ,  1 9 7 8 ) .  

S e c o n d l y ,  i t  h a s  b e e n  n o t e d  t h a t  i t  i s  n o t  p o s s i b l e  t o  u s e  

a n y  a r b i t r a r y  p a t t e r n  t o  i n d u c e  t h e  ME (Mayhew & A n s t i s ,
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1 9 7 2 ;  F o r e i t  & A m b l e r ,  1 9 7 8 ;  S t r o m e y e r ,  1 9 7 8 ) ;  Mayhew and  

A n s t i s  h a v e  s u g g e s t e d  t h a t  o n l y  p a t t e r n s  w h i c h  p r o d u c e  

s i m p l e  AEs c a n  s e r v e .  H a r r i s  ( 1 9 7 8 ) ,  o n  t h e  o t h e r  h a n d ,  h a s  

s u g g e s t e d  t h a t  t h e  ME m i g h t  b e  a  c a s e  o f  n o n - a r b i t r a r y  

l e a r n i n g ,  s u c h  a s  h a s  b e e n  n o t e d  i n  t h e  l e a r n i n g  l i t e r a t u r e  

w h e r e  c e r t a i n  s p e c i f i c  s t i m u l i  h a v i n g  s p e c i a l  e c o l o g i c a l  

a d a p t i v e  s i g n i f i c a n c e  a r e  m o r e  e a s i l y  a s s o c i a t e d  w i t h  a 

g i v e n  US t h a n  a r e  o t h e r s .  I n  t h e  c a s e  o f  c o n d i t i o n e d  t a s t e  

a v e r s i o n ,  f o r  e x a m p l e ,  t a s t e  s t i m u l i  a r e  e s p e c i a l l y  e a s i l y  

c o n d i t i o n e d  t o  i l l n e s s  i n  t h e  r a t ,  w h e r e a s  a s s o c i a t i o n s  

b e t w e e n  v i s u a l  o r  t a c t i l e  s t i m u l i  a n d  i l l n e s s  t y p i c a l l y  do  

n o t  o c c u r  ( R o z i n  & K a l a t ,  1 9 7 1 )  . By a n a l o g y ,  i t  may b e  t h a t  

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

s t i m u l i .  T h i s  i s  a n  a p p e a l i n g  n o t i o n ;  h o w e v e r  i t  s e e m s  odd  

t h a t  t h e  ME s h o u l d  b e  s o  s p e c i f i c  w h i l e  a f t e r i m a g e s  ( D a v i e s ,

1 9 7 6 )  a nd  p r i s m a t i c  d i s p l a c e m e n t  ( K r a v i t z  & J a f f e ,  1972)  

h a v e  b e e n  c o n d i t i o n e d  w i t h  a n  a u d i t o r y  CS.  ( A c c o r d i n g  t o  

R i g g s ,  N o t e  5 ,  W h i t e  h a s  b e e n  u n a b l e  t o  d e m o n s t r a t e  a 

M E - t y p e  p h e n o m e n o n  u s i n g  a n  a u d i t o r y  s t i m u l u s  i n  p l a c e  o f  

t h e  u s u a l  g r i d s . )

T h e  m o s t  t r o u b l e s o m e  c r i t i c i s m  w h i c h  h a s  b e e n  made  o f  

a n  a s s o c i a t i o n  m o d e l  c a l l s  i n t o  q u e s t i o n  t h e  n o t i o n  t h a t  a 

l o n g  t i m e - c o u r s e  o f  d e c a y  i s  i n  f a c t  u n i q u e  t o  t h e  CAEs.  

S p e c i f i c a l l y ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  s i m p l e  AEs may a l s o  

be  l o n g - l a s t i n g  ( s e e  H a r r i s ,  1 9 3 0 ) .  I f  t h i s  i s  s o ,  a n  

a d a p t a t i o n  m o d e l  o f  t h e  ME w o u l d  b e c o m e  much m o r e
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a c c e p t a b l e .  The  c a s e s  o f  l o n g - l a s t i n g  s i m p l e  AEs w h i c h  h a v e  

b e e n  r e p o r t e d  o r  n o t e d  i n  t h i s  r e g a r d ,  h o w e v e r ,  i n v o l v e  

e i t h e r  p r o l o n g e d  ( G i b s o n ,  1 9 3 3 ;  M a s l a n d ,  1 9 6 9 ;  K a l f i n  &

L o c k e ,  1 9 7 2 ;  F r o m e ,  H a r r i s ,  & L e v i n s o n ,  1 97 5)  o r  r e p e a t e d  

( Y a c h z e l  & L a c k n e r ,  1 9 7 7 ;  H a n s e l  & Mahmud,  1978)  a d a p t a t i o n ,  

w h i c h  s u g g e s t s  t h a t  some s o r t  o f  l e a r n i n g  may b e  t a k i n g

p l a c e .  F u r t h e r m o r e ,  t h e y  may b e  i n t e r p r e t e d  ( s ome  m o r e

e a s i l y  t h a n  o t h e r s )  a s  i n s t a n c e s  o f  CAEs.  I n d e e d ,  t h i s  h a s  

b e e n  p o i n t e d  o u t  i n  some o f  t h e  a b o v e  r e p o r t s  ( M a s l a n d ,  

1 9 6 9 ;  H a n s e l  & Mahmud,  1 9 7 8 ) .  On t h e  o t h e r  h a n d ,

l o n g - l a s t i n g  i n h i b i t o r y  p r o c e s s e s  h a v e  b e e n  r e p o r t e d  a t  a 

n e u r a l  l e v e l  i n  m o l u s c s  ( T a u c ,  1 9 6 9 ) ,  a n d  C r e u t z f e l d  ( 1 9 7 3 )  

h a s  s u g g e s t e d  t h a t  a s i m i l a r  p r o c e s s  may b e  i n v o l v e d  i n  t h e  

ME.

R e c e n t l y ,  s e v e r a l  r e l a t i v e l y  f o r m a l  m o d e l s  o f  t h e  ME 

h a v e  b e e n  o f f e r e d  ( M o n t a l v o ,  1 9 7 6 ;  K r u g e r ,  1 9 7 9 ;  G r o s s b e r g ,  

1 9 8 0 ) .  M o n t a l v o ' s  m o d e l  i s  a c o m p u t e r  s i m u l a t i o n  i n  w h i c h  

n e u r o n s '  r e c e p t i v e  f i e l d  c h a r a c t e r i s t i c s  a r e  a s s u m e d  t o  

c h a n g e  a s  a r e s u l t  o f  s e n s o r y  i n p u t .  C r e u t z f e l d  and  

H a g g e l a n d  ( 1 9 7 5 )  h a v e  i n d e e d  shown  t h a t  c h a r a c t e r i s t i c s  o f  

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

G r o s s b e r g ' s  m o d e l  m a k e s  u s e  o f  t h e  n o t i o n s  o f  f e e d - b a c k  a nd  

f e e d - f o r w a r d ,  a nd  i s  m a t h e m a t i c a l l y  m o r e  s p e c i f i c  t h a n  i s  

M o n t a l v o ' s ;  n e i t h e r  o f  t h e s e ,  h o w e v e r ,  s p e c i f y  p a r t i c u l a r  

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

K r u g e r ' s  m o d e l  i s  m o r e  p h y s i o l o g i c a l l y  s p e c i f i c ,  a nd  r e l i e s
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u p on  i n h i b i t o r y  p r o c e s s e s  t a k i n g  p l a c e  i n  o p p o n e n t - p r o c e s s  

n e u r o n s  w i t h  c e n t e r - s u r r o u n d  r e c e p t i v e  f i e l d s  i n  t h e  LGN. 

The  l o n g  d u r a t i o n  o f  t h e  ME i s  e x p l a i n e d  b y  p o s t u l a t i n g  t h a t  

m e t a b o l i t e s  a r e  d e p l e t e d  m o r e  a t  p a r t i c u l a r  s y n a p t i c  e n d i n g s  

w i t h i n  a p a r t i c u l a r  n e u r o n ,  w h i l e  n e w l y - m a n u f a c t u r e d  

m e t a b o l i t e s  a r e  d i s t r i b u t e d  e q u a l l y  t o  a l l  e n d i n g s ,  s o  t h a t  

a r e l a t i v e  m e t a b o l i t e  i m b a l a n c e  i s  m a i n t a i n e d .  A l l  t h e s e  

m o d e l s  a r e  p r e s e n t e d  a s  a s s o c i a t i v e  m o d e l s ,  a n d  y e t  s h a r e  

some c h a r a c t e r i s t i c s  o f  t h e  a d a p t a t i o n  m o d e l s .  As W h i t e  

( 1 9 7 8 )  h a s  s u g g e s t e d ,  " . . . a t  s ome  p o i n t  i n  t h e  n e r v o u s  

s y s t e m ,  t h e  d i s t i n c t i o n  b e t w e e n  r e c e p t i v e  f i e l d s  u n d e r l y i n g  

p a t t e r n  v i s i o n  a n d  n e u r a l  s u b s t r a t e s  o f  l e a r n i n g  o r  memory  

b e c o m e s  l e s s  p r o n o u n c e d . . . . "  ( p .  2 6 8 ) .

The  F u n c t i o n a l  S i g n i f i c a n c e  o f  t h e  M c C o l l o u g h  E f f e c t  

I n  t h i s  s e c t i o n ,  we s h a l l  c o n s i d e r  t h r e e  p o s s i b i l i t i e s  

r e g a r d i n g  t h e  f u n c t i o n a l  r o l e  w h i c h  m i g h t  b e  p l a y e d  by  t h e  

p r o c e s s  u n d e r l y i n g  t h e  ME. The  m o s t  common s u g g e s t i o n  

(Mayhew & A n s t i s ,  1 9 7 2 ;  Hohmann & v o n  d e r  M a l s b u r g ,  1 9 7 8 ;  

H e l d ,  1930 )  i s  t h a t  i t  w o u l d  b e  u s e f u l  i n  b r i n g i n g  o n e ' s  

p e r c e p t i o n  o f  t h e  w o r l d  m o r e  i n  l i n e  w i t h  e x t e r n a l  s t i m u l u s  

a t t r i b u t e s  b y  " e d i t i n g  o u t "  c o n s t a n t  s e n s a t i o n s  w h i c h  w o u l d  

l i k e l y  h a v e  t h e i r  o r i g i n  i n  o p t i c a l  i m p e r f e c t i o n s  i n  t h e  

e y e .  Hohmann and  v o n  d e r  M a l s b u r g  ( 1 9 7 8 ) ,  f o r  e x a m p l e ,  h a v e  

d e m o n s t r a t e d  t h a t  c y l i n d r i c a l  l e n s e s  ( w i t h  d i s t o r t i o n s  s u c h  

a s  m i g h t  c a u s e  a s t i g m a t i s m )  c a u s e  c o l o r  e f f e c t s  d u e  t o
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c h r o m a t i c  a b e r r a t i o n  w h i c h  a r e  s p e c i f i c  t o  l i n e  o r i e n t a t i o n  

a nd  p e r c e p t u a l l y  s i m i l a r  t o  t h e  ME. The  m e c h a n i s m  

u n d e r l y i n g  t h e  ME, t h e n ,  m i g h t  f u n c t i o n  t o  c o u n t e r a c t  t h e s e  

d i s t o r t i o n s  d u e  t o  a n  i m p e r f e c t  o p t i c a l  s y s t e m .  H e l d  ( 1 9 3 0 )  

h a s  made  a s i m i l a r  s u g g e s t i o n ,  a nd  h a s  p o i n t e d  o u t  t h a t  t h e  

i n d e p e n d e n c e  o f  t h e  two e y e s  d e m o n s t r a t e d  w i t h  t h e  ME-*- i s  

c o n s i s t e n t  w i t h  t h i s  i n t e r p r e t a t i o n ,  s i n c e  t h e  two e y e s  

o f t e n  d i f f e r  i n  t h e  t y p e  a nd  d e g r e e  o f  o p t i c a l  d i s t o r t i o n  

p r e s e n t .  M o n t a l v o  ( 1 9 7 6 )  h a s  made  a s o m e w h a t  d i f f e r e n t  

s u g g e s t i o n  a l o n g  t h e s e  s ame  l i n e s  i n  c o n n e c t i o n  w i t h  h i s  

m o d e l  o f  c h a n g i n g  r e c e p t i v e  f i e l d  c h a r a c t e r i s t i c s ,  o r  a 

d y n a m i c  " v i s u a l  m e t r i c " :  " S u c h  a m e t r i c  w o u l d  h a v e  o b v i o u s

a d a p t i v e  . . .  v a l u e  b y  p r e c i s e l y  s p e c i f y i n g  f r e q u e n t  f e a t u r e s  

a n d  s u p p r e s s i n g  i r r e l e v a n t  f e a t u r e s ,  s u c h  a s  t h e  s u p p r e s s i o n  

o f  c o l o r e d  f r i n g e s  p r o d u c e d  b y  p r i s m  g l a s s e s . . . . "  ( p .  5 0 ) .

I t  s h o u l d  be  n o t e d  t h a t  t h e  t y p e  o f  f u n c t i o n a l  r o l e  o f  

t h e  ME d e s c r i b e d  a b o v e  i s  s i m i l a r  i n  many  r e s p e c t s  t o  t h a t  

f r e q u e n t l y  p r o p o s e d  f o r  o t h e r  t y p e s  o f  " p e r c e p t u a l  

l e a r n i n g , "  s u c h  a s  a d a p t a t i o n  t o  d i s p l a c e d  o r  o t h e r w i s e  

r e a r r a n g e d  v i s i o n  ( s e e ,  e . g . ,  H e l d ,  1 9 6 5 ;  Rock  & H a r r i s ,  

1967)  . I n  t h e s e  c a s e s ,  v i s i o n  m u s t  b e  r e c o r r e l a t e d  w i t h

M i n i m a l  b i n o c u l a r  i n t e r a c t i o n  o c c u r s  w i t h  t h e  ME. 
I n d e p e n d e n t  and  o p p o s i t e  MEs c a n  b e  i n d u c e d  i n  t h e  two e y e s  
s i m u l t a n e o u s l y  a nd  i n t e r o c u l a r  t r a n s f e r  d o e s  n o t  r e a d i l y  
o c c u r  ( M c C o l l o u g h ,  1965)  . Some b i n o c u l a r  i n t e r a c t i o n  h a s  
b e e n  r e p o r t e d  (D.  M. MacKay & MacKay,  1 9 7 5 a ;  V i d y a s a g a r ,  
1 9 7 6 ;  W h i t e ,  e t  a l . ,  1 9 7 8 ;  S h u t e ,  1 9 7 9 ) ,  b u t  i t  o c c u r s  o n l y  
u n d e r  s p e c i a l  c o n d i t i o n s  and  may b e  o p p o s i t e  i n  c o l o r  t o  t h e  
AE i n  t h e  a d a p t e d  e y e .
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o t h e r  m o d e s  o f  s e n s o r y  i n f o r m a t i o n  s u c h  a s  t o u c h ,  w h e r e a s  

f o r  t h e  ME t h e  c o r r e l a t i o n  t a k e s  p l a c e  w i t h i n  o n e  s e n s e  

m o d a l i t y .  The  s u g g e s t i o n  i s  o f t e n  m a d e ,  i n  c o n n e c t i o n  w i t h  

s e n s o r y - m o t o r  r e a r r a n g e m e n t  s t u d i e s ,  t h a t  t h e  p r o c e s s  

u n d e r l y i n g  a d a p t a t i o n  i s  t h e  s ame  a s  t h a t  a t  w or k  

d e v e l o p m e n t a l l y .

A n s t i s  ( 1 9 7 5 )  a c c e p t s  t h e  f u n c t i o n  o f  t h e  p r o c e s s

u n d e r l y i n g  t h e  ME d e s c r i b e d  a b o v e ,  b u t  h a s  p r o p o s e d  i n

a d d i t i o n  a  s e c o n d  p o s s i b i l i t y .  He n o t e s  t h a t  i n  a d d i t i o n  t o

t h e  " o p t i c a l  c r o s s  t a l k ” p r o d u c e d  b y  c h r o m a t i c  a b e r r a t i o n  a s

d e s c r i b e d  a b o v e ,  t h e r e  may a l s o  b e  " n e u r a l  c r o s s  t a l k . "  The

l a t t e r  m i g h t  a r i s e  i n  t h e  v i s u a l  s y s t e m  a s  i t  p r o g r e s s e s

t o w a r d  u n i t s  r e s p o n d i n g  t o  i n c r e a s i n g l y  s p e c i f i c  i n p u t .  The

s u g g e s t i o n  i s  t h a t  i n  m o v i n g  f r o m  d o u b l e - f e a t u r e  ( e . g .  c o l o r

a n d  f o r m )  t o  s i n g l e - f e a t u r e  u n i t s ,  i m p e r f e c t  d i v e r g e n c e  o r

" c r o s s  t a l k "  may o c c u r .

S u c h  c o r r e l a t i o n  e r r o r s  c o u l d  b e  r e m o v e d  b y  CAE 
a d a p t a t i o n ,  w h i c h  w o u l d  t h u s  p l a y  a v a l u a b l e  i n t e r n a l  
h o u s e k e e p i n g  r o l e  i n  a u t o m a t i c a l l y  e d i t i n g  o u t  c r o s s  
t a l k . . . .  The  p e r s i s t e n t  c o r r e l a t i o n s  i m p o s e d
a r t i f i c i a l l y  i n  e x p e r i m e n t s  o n  CAEs a r e  p r e s u m a b l y  
i n d i s t i n g u i s h a b l e  f r o m  s p u r i o u s  c o r r e l a t i o n s  c a u s e d  by  
n e u r a l  t r a n s m i s s i o n  e r r o r s ,  a nd  t h e y  l e a d  t o  t h e  same  
p r o c e s s e s  o f  a d a p t a t i o n .  ( A n s t i s ,  1 9 7 5 ,  p .  2 8 1 . )

A f i n a l  p o i n t  w h i c h  m u s t  b e  made  r e g a r d i n g  t h e  q u e s t i o n  

o f  CAE f u n c t i o n  i s  t h e  p o s s i b i l i t y  t h a t  t h e  ME a n d  o t h e r  

CAEs h a v e  no f u n c t i o n a l  r o l e  w h a t s o e v e r .  I t  i s  p o s s i b l e ,  

f o r  e x a m p l e ,  t h a t  t h e i r  m e c h a n i s m  i s  g e n e t i c a l l y  l i n k e d  t o  

some o t h e r  p r o c e s s  w h i c h  i s ,  i n d e e d ,  f u n c t i o n a l l y  

s i g n i f i c a n t .  I n d e e d ,  c a s e s  o f  n o n - f u n c t i o n a l  o r g a n s ,  e t c . ,
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h a v e  h i s t o r i c a l l y  p l a y e d  a p r o m i n e n t  r o l e  a s  e v i d e n c e  i n  

s u p p o r t  o f  e v o l u t i o n a r y  t h e o r y  ( s e e  G o u l d ,  1 9 8 0 ,  f o r  some 

i n t e r e s t i n g  i n s t a n c e s  o f  t h i s ) .  On t h e  o t h e r  h a n d ,  o t h e r  

m e c h a n i s m s  w h i c h  d o w n - p l a y  c o n s t a n c i e s  a nd  e n h a n c e  c h a n g e  

r e c u r  i n  o r g a n i s m s  a t  v a r i o u s  l e v e l s  o f  o r g a n i z a t i o n  ( e . g .  

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

n y s t a g m u s  a nd  t h e  f a d i n g  s t a b i l i z e d  r e t i n a l  i m a g e ,  l a t e r a l  

i n h i b i t i o n  and  Mach b a n d s ,  e t c . ) . I f  s p e c i e s  t y p i c a l l y  

e v o l v e  b y  a d a p t i n g  a  p r o c e s s  t h a t  w o r k s  f o r  o n e  p r o b l e m  t o  

s o l v i n g  a n o t h e r ,  a s  J e r i s o n  ( 1 9 7 3 )  h a s  s u g g e s t e d  f o r  t h e  

c a s e  o f  d i s t a n c e  s e n s e s  i n  p r i m a t e s ,  t h e n  t h e  f a c t  t h a t  t h e  

ME i s  y e t  a n o t h e r  e x a m p l e  o f  a  p r o c e s s  w h i c h  m i n i m i z e s  

c o n s t a n c i e s  m i g h t  s u g g e s t  t h a t  i t  d o e s ,  i n d e e d ,  c a r r y  

f u n c t i o n a l  s i g n i f i c a n c e .  P e r h a p s  t h i s  q u e s t i o n  c a n  o n l y  b e  

s o l v e d  a f t e r  t h e  m e c h a n i s m  u n d e r l y i n g  t h e  ME h a s  b e e n  

u n d e r s t o o d ,  a t  w h i c h  t i m e  i t  m i g h t  b e  p o s s i b l e  t o  

i n v e s t i g a t e  t h e  b e h a v i o r a l  e f f e c t s  o f  t a m p e r i n g  w i t h  t h a t  

m e c h a n i s m .



CHAPTER 2
VISION AND THE VISUAL SYSTEM IN THE PIGEON

I n  t h e  p r e v i o u s  c h a p t e r ,  we r e v i e w e d  c u r r e n t  t h e o r i e s  

o f  t h e  m e c h a n i s m  a nd  f u n c t i o n  o f  t h e  ME. C l e a r l y ,  no  

c o n s e n s u s  e x i s t s  w i t h  r e g a r d  t o  t h e s e  q u e s t i o n s ,  a nd  y e t  we 

now h a v e  some i d e a  o f  t h e  s o r t s  o f  t h i n g s  t o  l o o k  f o r  i n  t h e  

p i g e o n  w h i c h  m i g h t  s u g g e s t  w h e t h e r  o r  n o t  t h i s  c r e a t u r e  

s h o u l d  b e  e x p e c t e d  t o  a c q u i r e  a  ME. I n  t h i s  c h a p t e r ,  

r e l e v a n t  a s p e c t s  o f  a v i a n  v i s i o n  a n d  i t s  s u b s t r a t e  i n  t h e  

n e r v o u s  s y s t e m  w i l l  b e  s u m m a r i z e d  ( s e e  D o n a v a n ,  1 9 7 8 ,  a n d  

B l o u g h ,  1 9 7 9 ,  f o r  r e v i e w s ) .  P a r t i c u l a r  n o t e  w i l l  b e  made  o f  

s i m i l a r i t i e s  a n d  d i f f e r e n c e s  w h i c h  e x i s t  b e t w e e n  b i r d  and  

mammal i n  g e n e r a l  a nd  b e t w e e n  p i g e o n  a nd  p r i m a t e  i n  

p a r t i c u l a r .

P i g e o n  V i s i o n

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

e n j o y s  a 3 4 0 °  p a n o r a m i c  v i s u a l  f i e l d  ( C h a r d  & G u n d l a c h ,  

1 9 3 8 ) .  Mo s t  o f  t h e  b e h a v i o r a l  r e s e a r c h  w h i c h  h a s  b e e n

% y  w e i g h t ,  t h e  p i g e o n ' s  e y e s  c o n s t i t u t e  f u l l y  o n e - h a l f  
o f  i t s  e n t i r e  b r a i n  ( C h a r d  & G u n d l a c h ,  1 9 3 8 )  . The  l a t e r a l  
p l a c e m e n t  i s  m o r e  common among v e r t e b r a t e s  i n  g e n e r a l  t h a n  
t h e  f r o n t a l  p l a c e m e n t  t y p i c a l  o f  p r i m a t e s .  F r o n t a l  e y e s  a r e  
e s p e c i a l l y  common among n o c t u r n a l  p r e d a t o r s ,  who c a n  a f f o r d  
t o  g i v e  up  t h e  p a n o r a m i c  f i e l d  i m p o r t a n t  i n  t h e  s u r v i v a l  o f  
p r e y  a n i m a l s  i n  f a v o r  o f  t h e  i n c r e a s e d  e f f i c i e n c y  i n  l ow 
i l l u m i n a t i o n  and  i m p r o v e d  i m a g e  q u a l i t y  a n d  d e p t h  p e r c e p t i o n  
a f f o r d e d  b y  f r o n t a l  e y a s .  I t  i s  l i k e l y  t h a t  t h e  e a r l i e s t  
p r i m a t e s  w e r e  n o c t u r n a l  p r e d a t o r s  ( A l l m a n ,  1 97 7 )  .
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c a r r i e d  o u t  w i t h  t h e  p i g e o n  h a s  d e a l t  o n l y  w i t h  t h e  f r o n t a l  

2 4 °  b i n o c u l a r  f i e l d  ( C h a r d  & G u n d l a c h ,  1 9 3 8)  w h i c h  i s  

r e l a t i v e l y  m y o p i c  ( C a t a n i a ,  1 9 6 4 ;  B l o u g h ,  1 9 7 3 ) .  The 

p i g e o n ' s  a c u i t y  i s  g o o d  a nd  c o m p a r a b l e  t o  t h a t  o f  t h e  human 

b o t h  i n  t h e  f r o n t a l  f i e l d  ( e . g .  N y e ,  1 9 6 8 ;  B l o u g h ,  1 9 7 3 ;  

H o d o s ,  L e i b o w i t z ,  & B o n b r i g h t ,  1 9 7 5 ;  H od o s  & L e i b o w i t z ,

1 9 7 7 )  a nd  i n  t h e  l a t e r a l ,  s l i g h t l y  h y p e r o p i c  f i e l d  

( G u n d l a c h ,  1 9 3 3 ;  H a m i l t o n  & G o l d s t e i n ,  1 9 3 3 ;  C h a r d ,  1 9 3 9 ;  

B l o u g h ,  1 9 7 1 ;  B l o u g h ,  1 9 7 3 ) .  Good d i s c r i m i n a t i o n  o f  s m a l l  

c h a n g e s  o f  o r i e n t a t i o n  o f  b a r  s t i m u l i  h a s  a l s o  b e e n  r e p o r t e d  

( M u l v a n n y ,  1 9 79 )  .

The  p i g e o n  h a s  e x c e l l e n t  c o l o r  v i s i o n ,  s i m i l a r  i n  many 

w a y s  t o  t h a t  o f  h u m a n s  ( s e e  A.  A. W r i g h t ,  1 9 7 9 ,  f o r  a 

r e v i e w ) .  V a r i o u s  a s p e c t s  o f  c o l o r  v i s i o n  h a v e  b e e n  s t u d i e d  

i n  t h i s  c r e a t u r e ,  i n c l u d i n g  s p e c t r a l  s e n s i t i v i t y  ( B l o u g h ,  

1 9 5 7 ;  G r a f ,  1 9 6 9 ;  B l o u g h ,  R i g g s ,  & S c h a f e r ,  1 9 7 2 ;  G r a f  & 

N o r r e n ,  1 9 7 4 ;  Y a g e r  & R o m e s k i e ,  1 9 7 5 ;  R o m e s k i e  & Y a g e r ,  

1 9 7 6 a ) ,  c o l o r  d i f f e r e n c e  s c a l i n g  ( B .  S c h n e i d e r ,  1 9 7 2 ) ,  

s a t u r a t i o n  ( B l o u g h ,  19 7 5 )  , t h e  p h o t o c h r o m a t i c  i n t e r v a l  

f u n c t i o n  ( R o m e s k i e  & Y a g e r ,  1 9 7 6 b ) ,  c o l o r  n a m i n g  f u n c t i o n s  

(A.  A.  W r i g h t ,  1 9 7 6)  , a n d  c o l o r  m i x i n g  ( C o h e n ,  1 9 6 7 ;  

j i t s u m o r i ,  1 9 7 6 ) .  I n  m o s t  r e s p e c t s ,  t h e  c o l o r  v i s i o n  o f  

p i g e o n  and  p e r s o n  a r e  v e r y  s i m i l a r ;  t h e  f o l l o w i n g  a r e  t h e  

m o s t  s t r i k i n g  d i f f e r e n c e s  w h i c h  h a v e  b e e n  r e p o r t e d :  ( a )  The

p i g e o n  c a n  d i s c r i m i n a t e  l i g h t  o f  d i f f e r i n g  p o l a r i z a t i o n  

p l a n e s  ( D e l i u s  & E m m e r t o n ,  1 9 7 9 ;  K r e i t h e n ,  1979)  a nd  i s
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s e n s i t i v e  t o  l i g h t  i n  t h e  u l t r a v i o l e t  r a n g e  (A.  A.  W r i g h t ,  

1 9 7 2 ;  D e l i u s  & E m m e r t o n ,  1 9 7 9 ;  K r e i t h e n ,  1979 )  , c a p a c i t i e s  

w h i c h  t h e  human l a c k s . ^  (b)  t h e  c u t - o f f  p o i n t s  b e t w e e n

h u e s  o r  c o l o r  n a m e s  d i f f e r  f o r  t h e  two s p e c i e s  (A.  A.  W r i g h t  

& Cumming ,  1 9 7 1 ) .  ( c )  T h e  p i g e o n  i s  p r o b a b l y  t e t r a c h r o m a t i c

( J i t s u m o r i ,  1 9 7 6 ;  G o v a r d o v s k i i  & Z u e v a ,  1 9 7 7 ;  G r a f ,  1 97 9 )  i n  

c o n t r a s t  t o  t h e  t r i c h r o m a t i c  human ( e . g .  W. D. W r i g h t ,  

1 9 2 8 - 2 9 ) .  (d)  S p e c t r a l  s e n s i t i v i t y  d i f f e r s  s l i g h t l y  a t

d i f f e r e n t  r e t i n a l  l o c i  o f  t h e  p i g e o n  ( Y a g e r  & R o m e s k i e ,  

1 9 7 5 ;  M a r t i n  & M u n t z ,  1 9 7 9 )  , p r o b a b l y  d u e  t o  t h e  i n f l u e n c e  

o f  d i f f e r i n g  d i s t r i b u t i o n s  o f  t h e  s e v e r a l  p i g m e n t e d  o i l  

d r o p l e t s  a s s o c i a t e d  w i t h  t h e  c o n e s  ( B o w m a k e r ,  1 9 7 7 ,  1 9 7 9 ;  

W a l l m a n ,  1 9 7 9 ) . 2  (e )  The  p i g e o n  may b e  a b l e  t o  a n a l y z e

m i x e d  w a v e l e n g t h s  a s  w e l l  a s  s y n t h e s i z e  t he m ( C o h e n ,  1 9 6 7 ) ;  

hu ma ns  c a n  o n l y  a c h i e v e  t h e  l a t t e r .

Humans 
l e n s ,  w h i c h  
( W o l b a r s h t , 
w a v e l e n g t h s  
t h e  b l u e ,  
W o l b a r s h t ,

c a n  s e e  u l t r a v i o l e t  l i g h t ,  b u t  o n l y  i f  t h e i r  
a b s o r b s  u l t r a v i o l e t  l i g h t ,  h a s  b e e n  r e m o v ed  

1 9 76 )  . The  p e r c e i v e d  h u e s  o f  t h e s e  s h o r t  
" g o  b a c k "  a r o u n d  t h e  c o l o r  c i r c l e  ( r e d  b e y o n d  

e t c . ) ,  b u t  a r e  l e s s  s a t u r a t e d  ( T a n ,  1 9 7 1 ,  c i t e d  i n  
1 9 76 )  .

W h i l e  some f i v e  t y p e s  o f  c o l o r e d  o i l  d r o p l e t s  
( B o wm a ke r ,  1 97 7)  u n d o u b t e d l y  m o d i f y  t h e  p i g e o n ' s  c o l o r  
v i s i o n ,  W a l l m a n  ( 1 9 7 9 )  h a s  s hown t h a t  c o l o r  d i s c r i m i n a t i o n  
s t i l l  o c c u r s  i n  q u a i l s  w h o s e  o i l  d r o p l e t  p i g m e n t s  h a v e  b e e n  
e l i m i n a t e d  t h r o u g h  s p e c i a l  d i e t .



U n t i l  f a i r l y  r e c e n t l y  t h e  a v i a n  and  m a m m a l i a n  v i s u a l  

s y s t e m s  w e r e  t h o u g h t  t o  b e  r a d i c a l l y  d i f f e r e n t .  E a c h  was  

t h o u g h t  t o  c o n s i s t  o f  o n e  m a i n  p a t h w a y ,  g o i n g  f r o m  r e t i n a  t o  

t h a l a m u s  t o  v i s u a l  c o r t e x  i n  mammals  a nd  f r o m  r e t i n a  t o  

o p t i c  t e c t u m  i n  b i r d s .  The  m a j o r  v i s u a l  a r e a  f o r  ma mm a l s ,  

t h e n ,  was  i n  t h e  c o r t e x ,  w h i l e  f o r  b i r d s  i t  was  i n  t h e  

m i d b r a i n .  As K a r t e n  ( 1 9 7 9 )  h a s  p o i n t e d  o u t ,  h o w e v e r ,  m o d e r n  

r e s e a r c h  h a s  d r a s t i c a l l y  c h a n g e d  o u r  u n d e r s t a n d i n g  o f  b o t h  

t h e  m a m m a l i a n  a nd  t h e  a v i a n  v i s u a l  s y s t e m s .  On t h e  o n e  

h a n d ,  a s e c o n d  m a j o r  m a m m a l i a n  p a t h w a y  t h r o u g h  t h e  s u p e r i o r  

c o l l i c u l u s  h a s  b e e n  i d e n t i f i e d  ( e . g .  G.  E.  S c h n e i d e r ,  1 9 5 7 ;  

T r e v a r t h e n ,  1 9 6 8 ;  G o r d o n ,  1 9 7 2 ;  D i a m o n d ,  1 9 7 3 ) .  On t h e  

o t h e r ,  a  s e c o n d  m a j o r  p a t h w a y  g o i n g  f r o m  r e t i n a  t o  t h a l a m u s  

t o  t e l e n c e p h a l o n  ( " v i s u a l  W u l s t " )  h a s  b e e n  i d e n t i f i e d  i n  

b i r d s  ( K a r t e n ,  1 9 6 9 ,  1 9 7 9 ;  N a u t a  & K a r t e n ,  1 9 7 0 ;  W e b s t e r ,  

1 9 7 3 ,  1 9 7 4 ) .  F i g u r e  2 . 1  o u t l i n e s  t h e  m a j o r  p a t h w a y s  i n  

mammals  and  i n  b i r d s .  E s p e c i a l l y  c l e a r  i n  t h i s  d i a g r a m  i s  

t h e  g e n e r a l  s i m i l a r i t y  b e t w e e n  t h e  v i s u a l  s y s t e m s  o f  t h e s e  

t wo c l a s s e s  o f  o r g a n i s m s .  The  d i a g r a m s  a r e ,  o f  c o u r s e ,  

s i m p l i f i e d :  O t h e r  s t r u c t u r e s  r e c e i v e  v i s u a l  i n p u t  a nd  o t h e r

c o n n e c t i o n s  b e t w e e n  t h e  s t r u c t u r e s  h a v e  b e e n  d e s c r i b e d  

b e s i d e s  t h e  m a j o r  o n e s  i n d i c a t e d  h e r e .

I n  t h i s  s e c t i o n ,  c u r r e n t  k n o w l e d g e  on  t h e  a v i a n  v i s u a l  

s y s t e m  w i l l  b e  s u m m a r i z e d .  A g a i n ,  s p e c i a l  n o t e  w i l l  b e  made
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Figure 2.1. Schematic representation of the thalamofugal and tectofugal 
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completely (cc) or partially (cp) to the contralateral hemisphere are so 
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o f  s i m i l a r i t i e s  a n d  d i f f e r e n c e s  b e t w e e n  p r i m a t e  a nd  p i g e o n  

a n d  o f  m e c h a n i s m s  w h i c h  m i g h t  p o t e n t i a l l y  b e  i n v o l v e d  i n  

p r o d u c i n g  a ME. The  two m a j o r  p a t h w a y s ,  t h e  t e c t o f u g a l  and  

t h a l a m o f u g a l ,  w i l l  b e  d e s c r i b e d  s e p a r a t e l y .

T e c t o f u g a l  P a t h w a y

The  t e c t o f u g a l  p a t h w a y  i s  t h e  m a j o r  v i s u a l  p a t h w a y  i n  

b i r d s ,  i n  t h e  s e n s e  t h a t  t h e  m a j o r i t y  o f  r e t i n a l  n e u r o n s  

p r o c e e d  t o  t h e  o p t i c  t e c t u m  r a t h e r  t h a n  t o  s t r u c t u r e s  o f  t h e  

t h a l a m o f u g a l  p a t h w a y .  T h i s  r e p r e s e n t s  a d i f f e r e n c e  b e t w e e n  

b i r d s  and  p r i m a t e s ;  o f  t h e  two p a t h w a y s ,  t h e  t h a l a m o f u g a l  i s  

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

mammal a r e  s i m i l a r  i n  p r o c e e d i n g  f r o m  r e t i n a  t o  t e c t u m  t o  

t h a l a m u s  t o  t e l e n c e p h a l o n .  F u r t h e r m o r e ,  t h e  l a r g e s t  

s t r u c t u r e s  o f  e a c h  p a t h w a y ,  t h e  m a m m a l i a n  s u p e r i o r  

c o l l i c u l u s  a nd  t h e  a v i a n  o p t i c  t e c t u m ,  a r e  r e c o g n i z e d  a s  

b e i n g  h o m o l o g o u s .  T h a t  i s ,  t h e y  a r e  b e l i e v e d  t o  h a v e  

e v o l v e d  f r o m  t h e  s ame  s t r u c t u r e  i n  a common a n c e s t o r ,  

p r e s u m a b l y  t h e  r e p t i l e - l i k e  c o t y l o s a u r  ( R o m e r ,  1 9 3 3 ;  

C a m p b e l l  & H o d o s ,  1 9 70 )  .

Many o f  t h e  r e t i n a l  n e u r o n s  i n  t h e  p i g e o n  h a v e  c o m p l e x  

r e c e p t i v e  f i e l d s ,  s e l e c t i v e  t o  d i r e c t i o n  o f  m o v e m e n t  o r  t o  

l i n e  o r i e n t a t i o n ,  f o r  e x a m p l e  ( M a t u r a n a ,  1 9 6 2 ;  M a t u r a n a  & 

F r e n k ,  1 9 5 3 ) .  T h e s e  n e u r o n s  a r e  t h o u g h t  t o  p r o j e c t  o n l y  t o
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s i t e s  i n  t h e  t e c t o f u g a l  p a t h w a y  ( H o l d e n ,  1 9 7 7 ) . ^ "  T h i s

d e g r e e  o f  s t i m u l u s  s p e c i f i c i t y  i s  n o t  f o u n d  a t  t h e  r e t i n a l

l e v e l  i n  p r i m a t e s ,  b u t  i t  d o e s  o c c u r  i n  some mammals  s u c h  a s  

r a b b i t s  ( B a r l o w ,  H i l l ,  & L e v i c k ,  1 9 6 4 )  a n d  t o  a l e s s e r  

d e g r e e  i n  t h e  g r o u n d  s q u i r r e l  ( M i c h a e l ,  1 9 6 8 ) .

R e t i n a l  f i b e r s  i n  t h e  a v i a n  t e c t o f u g a l  p a t h w a y  c r o s s  

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

t e c t u m .  C o m p l e t e  c r o s s - o v e r  a t  t h i s  p o i n t  o f  t h e

t h a l a m o - s t r i a t e  p a t h w a y  i s  a l s o  t y p i c a l  i n  m a m m a l s ,  b u t  

p a r t i a l  c r o s s - o v e r  i s  t h e  r u l e  i n  p r i m a t e s  ( A l l m a n ,  1 9 7 7 ) .  

I n  b i r d s ,  t h e  m a j o r  g r o u p  o f  e f f e r e n t  f i b e r s  f r o m  t h e  o p t i c
p

t e c t u m  * p r o j e c t s  t o  b o t h  t h e  i p s i l a t e r a l  a nd  t h e

c o n t r a l a t e r a l  n u c l e u s  r o t u n d u s  o f  t h e  t h a l a m u s ,  w h i c h

p r o j e c t s  t o  t h e  e c t o s t r i a t u m  and  t h e n c e  t o  t h e

p e r i - e c t o s t r i a t a l  b e l t  o f  t h e  t e l e n c e p h a l o n .  A n a t o m i c a l

t o p o g r a p h i c a l  o r g a n i z a t i o n  i s  e v i d e n t  a t  a l l  l e v e l s  o f  t h i s  

s y s t e m  i n  b o t h  b i r d s  a nd  m a m m a ls .

One o f  t h e  m o s t  u n i v e r s a l  f i n d i n g s  o f  s i n g l e - c e l l

T h i s  p a t t e r n  o f  d i f f e r e n t  f u n c t i o n a l  t y p e s  o f  r e t i n a l  
n e u r o n s  p r o j e c t i n g  t o  s e p a r a t e  v i s u a l  p a t h w a y s  h a s  a l s o  b e e n  
r e p o r t e d  t o  o c c u r  i n  f r o g  a n d  g r o u n d  s q u i r r e l  ( M i c h a e l ,  
1 9 7 0 ,  1 9 7 2 ) .

2
Some f i b e r s  p r o j e c t  t o  t h e  i s t h m o - o p t i c  n u c l e u s ,  a nd  

t h e n c e  i n  a f e e d b a c k  l o o p  b a c k  t o  t h e  r e t i n a .  S u c h  
" c e n t r i f u g a l  f i b e r s "  h a v e  o n l y  b e e n  p r o v e n  t o  e x i s t  i n  b i r d s  
and  a r e  t h o u g h t  t o  i n c r e a s e  g e n e r a l  s e n s i t i v i t y  ( S h o r t e s s ,  
1 9 7 8 ;  o t h e r  p o s s i b l e  f u n c t i o n s  w h i c h  h a v e  b e e n  p r o p o s e d  a r e  
a l s o  e n u m e r a t e d ) .
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r e c o r d i n g  s t u d i e s  i s  t h a t  a s  o n e  p r o g r e s s e s  t h r o u g h  t h e  

t e c t o f u g a l  p a t h w a y ,  r e c e p t i v e  f i e l d s  b e c o m e  l a r g e r  and

l a r g e r .  T h i s  t r e n d  h a s  b e e n  r e p o r t e d  i n  r a b b i t s ,  r a t s ,  

m o n k e y s  a nd  c a t s  a s  w e l l  a s  i n  b i r d s  ( R e v z i n ,  1 9 7 0 ,  1 9 7 9 ;

G o r d o n ,  1 9 7 2 ) .  I n  t h e  p i g e o n ,  b y  t h e  t i m e  t h e  n u c l e u s

r o t u n d u s  i s  r e a c h e d ,  75 -80% o f  t h e  n e u r o n s  h a v e  r e c e p t i v e  

f i e l d s  1 4 0 - 1 8 0 ° i n  d i a m e t e r  ( R e v z i n ,  1 9 7 0 )  w h i l e  some  95% o f  

t h e  u n i t s  i n  t h e  e c t o s t r i a t u m  a r e  " w i d e - f i e l d  u n i t s "

( R e v z i n ,  1 9 7 0 ;  K i m b e r l y ,  H o l d e n ,  & B a m b o r o u g h ,  1 9 7 1 ) .  Mo s t  

r e s e a r c h e r s  a g r e e ,  t h e r e f o r e ,  t h a t  t h i s  p a t h w a y  i s  n o t  

l i k e l y  t o  b e  i n v o l v e d  i n  f i n e  s p a t i a l  a nd  p a t t e r n  v i s i o n  

( e . g .  R e v z i n ,  1 9 7 0 ;  M u l v a n n y ,  1 9 7 9 ;  M a x w e l l  & G r a n d a ,  

1 9 7 9 ) .  I t  w o u l d  s ee m t h a t  t h e  p r o g r e s s i o n  i n  t h i s  p a t h w a y  

i s  f r o m  a v e r y  h i g h  t o  a l o w  d e g r e e  o f  s p a t i a l  s p e c i f i c i t y . ^ -

A n o t h e r  d o m i n a n t  r e c e p t i v e  f i e l d  c h a r a c t e r i s t i c ,  w h i c h  

h a s  b e e n  o b s e r v e d  a t  a l l  l e v e l s  i n  t h e  a v i a n  t e c t o f u g a l  

p a t h w a y ,  i s  s e n s i t i v i t y  t o  m o t i o n .  Many n e u r o n s  i n  t h i s  

s y s t e m  a r e  s e l e c t i v e  t o  d i r e c t i o n  a n d / o r  v e l o c i t y  o f  

m o v e m e n t  ( e . g .  R e v z i n ,  1 9 7 0 ,  1 9 7 9 ;  K i m b e r l y  a t  a l . ,  1 9 7 1 ;  

M a x w e l l  & G r a n d a ,  1 9 7 9 ) .  M o t i o n  h a s  a l s o  b e e n  r e p o r t e d  t o  

b e  a n  i m p o r t a n t  s t i m u l u s  p a r a m e t e r  i n  u n i t s  o f  t h e  m a m m a l i a n  

t e c t o f u g a l  p a t h w a y  ( e . g .  S t e r l i n g  & W i c k e l g r e n ,  1 9 6 9 ) .

A m a j o r  d i f f e r e n c e  b e t w e e n  b i r d  a nd  mammal i s  t h a t  

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

^ A l t h o u g h  t h e  r e c e p t i v e  f i e l d s  a r e  l a r g e ,  p a t t e r n  
s p e c i f i c i t y  i s  s o m e t i m e s  r e p o r t e d  ( e . g .  R e v z i n ,  1 9 7 9 ) .
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t e c t o f u g a l  s y s t e m ,  b u t  n o t  i n  t h e  m a m m a l i a n  s y s t e m .  Y a z u l l a  

a nd  G r a n d a  ( 1 9 7 9 )  h a v e  i d e n t i f i e d  u n i t s  w i t h  o p p o n e n t - c o l o r  

c h a r a c t e r i s t i c s  i n  t h e  o p t i c  t e c t u m  a nd  n u c l e u s  r o t u n d u s  b u t  

n o t  i n  s t r u c t u r e s  o f  t h e  t h a l a m o f u g a l  p a t h w a y  i n  p i g e o n s .  

Mammal i an  o p p o n e n t - c o l o r  c e l l s ,  o n  t h e  o t h e r  h a n d ,  a r e  

a s s o c i a t e d  w i t h  t h e  g e n i c u l o - s t r i a t e  p a t h w a y  ( e . g .  

D e V a l o i s , 1 9 55 )  . 1

S t u d i e s  o f  b e h a v i o r a l  d e f i c i t s  f o l l o w i n g  l e s i o n s  i n  t h e  

t e c t o f u g a l  p a t h w a y  h a v e  g e n e r a l l y  s u p p o r t e d  t h e  n o t i o n  t h a t  

t h i s  s y s t e m  i s  p r i m a r i l y  i n v o l v e d  i n  t h e  s p a t i a l  

l o c a l i z a t i o n  o f  v i s u a l  c u e s  r a t h e r  t h a n  i n  p a t t e r n  

d i s c r i m i n a t i o n  (G.  E.  S c h n e i d e r ,  1 9 6 7 ;  T r e v a r t h e n ,  1 9 7 8 ) .  

T h i s  h a s  b e e n  m o s t  c l e a r l y  d e m o n s t r a t e d  among ma mm a l s .  

H a m s t e r s  w i t h  a b l a t i o n  o f  t h e  s u p e r i o r  c o l l i c u l u s  h a v e  

d i f f i c u l t y  i n  l o c a t i n g  b u t  n o t  i n  i d e n t i f y i n g  

( d i s c r i m i n a t i n g  among)  s t i m u l i  (G.  E .  S c h n e i d e r ,  1 9 6 7 ) .  

P a t t e r n  r e c o g n i t i o n  i s  t h u s  a t t r i b u t e d  t o  t h e  

g e n i c u l o - s t r i a t e  s y s t e m .  S u c h  f u n c t i o n a l  s e p a r a t i o n  i n  t h e  

two p a t h w a y s  may n o t  b e  a s  c o m p l e t e  i n  b i r d s ,  s i n c e  

a n a l o g o u s  d e f i c i t s  h a v e  n o t  b e e n  r e p o r t e d  f o r  b i r d s  w i t h  

o p t i c  t e c t u m  l e s i o n s .  H o w e v e r ,  e s s e n t i a l l y  c o m p l e t e

N e u r o n s  w i t h  d i f f e r i n g  s p e c t r a l  s e n s i t i v i t i e s  h a v e  b e e n  
r e p o r t e d  t o  o c c u r  i n  t h e  s u p e r i o r  c o l l i c u l u s  o f  c a t s  
( I n g v a r ,  1 9 5 9 )  a nd  s q u i r r e l  m o n k e y s  ( W o l i n ,  1 9 5 5 ) .  T h e s e  
r e p o r t s  a r e ,  h o w e v e r ,  t h e  e x c e p t i o n ,  a nd  m a c q u e s  h a v e  b e e n  
shown t o  b e  c o l o r - b l i n d  f o l l o w i n g  a b l a t i o n  o f  p r i m a r y  v i s u a l  
c o r t e x  ( K l l i v e r ,  1 9 4 2 ) .  I t  w o u l d  a p p e a r  t h a t  f u r t h e r  
r e s e a r c h  i s  n e e d e d  t o  c l a r i f y  t h e  i s s u e .
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r e c o v e r y  t o  p r e o p e r a t i v e  l e v e l s  o f  a c c u r a c y  o n  v a r i o u s  

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

f o l l o w i n g  t e c t a l  a b l a t i o n s  ( Ho d os  & K a r t e n ,  1 9 6 6 ,  1 9 7 4 ;  

H o d o s ,  1 9 6 9 ;  P r i t z ,  Mead ,  & N o r t h c u t t ,  1 9 7 0 ) ,  i n d i c a t i n g  

t h a t  t h e  t e c t u m  i s  p r o b a b l y  n o t  i m p o r t a n t  ( o r  a t  l e a s t  n o t  

a l o n e )  i n  t h e  p r o c e s s i n g  o f  p a t t e r n  and  l u m i n a n c e  

i n f o r m a t i o n .  G i v e n  t h e  i m p o r t a n c e  o f  m o t i o n  f o u n d  i n  t h e  

s i n g l e - c e l l  s t u d i e s ,  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  a v i a n  

t e c t o f u g a l  p a t h w a y  i s  i m p o r t a n t  i n  f l i g h t  ( K i m b e r l y  e t  a l . ,  

1 9 71 )  o r  i n  s i g n a l l i n g  a p p r o a c h i n g  s t i m u l i  ( R e v z i n ,  1 9 7 0 ) ;  

t h e s e  f u n c t i o n s  a r e  c e r t a i n l y  c o n s i s t e n t  w i t h  t h e  s p a t i a l  

l o c a l i z a t i o n  a nd  o r i e n t a t i o n  f u n c t i o n s  a t t r i b u t e d  t o  t h e  

m a m m a l i a n  t e c t o f u g a l  p a t h w a y .

T h a l a m o f u g a l  P a t h w a y

As F i g u r e  2 . 1  s h o w s ,  t h e  a v a i n  t h a l a m o f u g a l  p a t h w a y  i s  

v e r y  s i m i l a r  t o  t h a t  o f  mammals  i n  p r o c e e d i n g  f r o m . r e t i n a  t o  

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

t h a l a m u s  o f  e a c h  p a t h w a y ,  t h e  m a m m a l i a n  v i s u a l  c o r t e x  and  

t h e  a v i a n  v i s u a l  W u l s t  a nd  e c t o s t r i a t u m , a r e  p r o b a b l y  n o t  

h o m o l o g o u s ,  h o w e v e r .  A l t h o u g h  K a r t e n  ( 1 9 6 9 )  a nd  N a u t a  and  

K a r t e n  ( 1 9 7 0 )  h a v e  a r g u e d  c o n v i n c i n g l y  t h a t  t h e  a v i a n  

e c t o s t r i a t u m  s h o u l d  n o t  b e  c o n s i d e r e d  a s  h o m o l o g o u s  w i t h  t h e
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m a m m a l i a n  s t r i a t u m ,  ■*" t h e r e  a r e  p r o b l e m s  i n  c o n s i d e r i n g  i t

t o  b e  h o m o l o g o u s  w i t h  t h e  m a m m a l i a n  v i s u a l  c o r t e x  ( W e b s t e r ,

1 9 7 4 )  . I t  h a s  b e e n  s u g g e s t e d  t h a t  o n l y  c e r t a i n  p o p u l a t i o n s  

o f  n e u r o n s  w i t h i n  t h e  a v i a n  W u l s t  a n d  e c t o s t r i a t u m  s h o u l d  b e  

c o n s i d e r e d  a s  h o m o l o g o u s  w i t h  t h e  m a m m a l i a n  v i s u a l  c o r t e x  

( N a u t a  & K a r t e n ,  1 9 7 0 ;  A l l m a n ,  1 9 7 7 ) .  I n  s u m,  t h e  

p h y l o g e n e t i c  r e l a t i o n s h i p  b e t w e e n  a v i a n  a nd  m a m m a l i a n  

v e r s i o n s  o f  t h i s  p a t h w a y  i s  p r e s e n t l y  t h e  s u b j e c t  o f  much 

d e b a t e .

I n  t h e  p i g e o n ,  a r e l a t i v e l y  s m a l l  n u m b e r  o f  r e t i n a l  

n e u r o n s  h a s  b e e n  i d e n t i f i e d  w h i c h  h a v e  t h e  c o n c e n t r i c  

a n t a g o n i s t i c  c e n t e r - s u r r o u n d  r e c e p t i v e  f i e l d s  t y p i c a l  o f  

m o s t  m a m m a l i a n  r e t i n a l  u n i t s  ( H o l d e n ,  1 9 7 7 ) ;  t h e s e  a r e  

t h o u g h t  t o  b e  p a r t  o f  t h e  t h a l a m o f u g a l  v i s u a l  p a t h w a y .  

F i b e r s  i n  t h i s  p a t h w a y  o r i g i n a t e  i n  t h e  r e t i n a  a nd  c r o s s  

c o m p l e t e l y  t o  t h e  c o n t r a l a t e r a l  d o r s o - l a t e r a l  c o m p l e x  (DLC) 

( K a r t e n  & N a u t a ,  1 96 8 )  w h i c h  i s  c o m p o s e d  o f  t h r e e  m a j o r  

t h a l a m i c  n u c l e i .  E f f e r e n t s  f r o m  t h e  DLC p a r t i a l l y  d e c c u s a t e  

( M i c e l i ,  G i o a n n i ,  R e p e r a n t ,  & P e y r i c h o u x ,  1 9 7 9 )  a nd  p r o j e c t  

t o  b o t h  t h e  i p s i l a t e r a l  a nd  t h e  c o n t r a l a t e r a l  v i s u a l  W u l s t  

i n  t h e  t e l e n c e p h a l o n  ( R e v z i n ,  1 9 6 9 ;  P e r i s i c ,  M i h a i l o v i c ,  & 

C u e n o d ,  1 9 7 1 ) .  The  W u l s t  i n  t u r n  p r o j e c t s  t o  t h e  

p e r i - e c t o s t r i a t a l  b e l t  ( K a r t e n ,  1969 )  , a s  w e l l  a s  r o s t r a l l y

I f  c o m p a r i s o n s  a r e  made  i n  t e r m s  o f  c h e m i c a l
c o m p o s i t i o n  a nd  a n a t o m i c a l  c o n n e c t i o n s ,  o n l y  t h e  i n t e r n a l  
s t r i a t u m  o f  b i r d s  i s  s i m i l a r  t o  t h e  m a m m a l i a n  s t r i a t u m  
( c o m p r i s e d  o f  c a u d o - p u t a m e n  and  g l o b u s  p a l l i d u s ) .
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t o  b o t h  t h e  o p t i c  t e c t u m  a nd  DLC ( M i c e l i ,  e t  a l . ,  1 9 7 9 ) .

S i n g l e - c e l l  r e c o r d i n g  s t u d i e s  h a v e  s hown  t h a t  t h e  

p r o g r e s s i o n  i n  t h e  a v i a n  t h a l a m o f u g a l  p a t h w a y  i s  f r o m  a l o w  

t o  a h i g h  d e g r e e  o f  s t i m u l u s  s p e c i f i c i t y ,  j u s t  t h e  o p p o s i t e  

o f  t h e  t h e  p r o g r e s s i o n  e v i d e n t  i n  t h e  t e c t o f u g a l  p a t h w a y .  

R e c e p t i v e  f i e l d s  o f  m o s t  DLC u n i t s  h a v e  c o n c e n t r i c  

c e n t e r - s u r r o u n d  o r g a n i z a t i o n  ( J a s s i k - G e r s c h e n f e l d , T e u l o n ,  & 

H a r d y ;  M a x w e l l  & G r a n d a ,  1 9 7 9 )  , w h e r e a s  many  u n i t s  i n  t h e  

v i u a l  W u l s t  h a v e  b e e n  r e p o r t e d  t o  h a v e  c o m p l e x  r e s p o n s e  

r e q u i r e m e n t s ,  s u c h  a s  s p e c i f i c i t y  t o  o r i e n t a t i o n ,  d i r e c t i o n  

o r  v e l o c i t y  o f  m o t i o n  ( O ' F l a h e r t y  & I n v e r n i z z i ,  1 9 7 2 ;  

P e t t i g r e w  & K o n i s h i ,  1 9 7 6 ;  M i c e l i ,  e t  a l . ,  1 9 7 9 ) . 1 T h e  

s i m i l a r i t y  o f  t h i s  p r o g r e s s i o n  t o  t h a t  i n  t h e  m a m m a l i a n  

g e n i c u l o - s t r i a t e  p a t h w a y  h a s  b e e n  n o t e d  b y  v i r t u a l l y  e v e r y  

e x p e r i m e n t e r  c i t e d  i n  t h i s  s e c t i o n .

O t h e r  p h y s i o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  a v i a n  

t e c t o f u g a l  a n d  t h a l a m o f u g a l  p a t h w a y s  i n c l u d e  t h e  f o l l o w i n g :  

( a )  R e c e p t i v e  f i e l d s  o f  DLC u n i t s  a r e  s m a l l e r  t h a n  t h o s e  i n  

t h e  n u c l e u s  r o t u n d u s ,  b e i n g  on  t h e  a v e r a g e  o n e - t h i r d  a s  

l a r g e  (De B r i t t o ,  B r u n e l l i ,  F r a n c e s c o n i ,  & M a g n i ,  1 9 7 5 ;  

M a x w e l l  & G r a n d a ,  1 9 7 9 )  . (b)  The  m a j o r i t y  o f  DLC u n i t s

r e s p o n d  t o  s t a t i o n a r y  s p o t s ,  a l t h o u g h  some r e s p o n d  b e s t  t o  

m o v e m e n t  ( J a s s i k - G e r s c h e n f e l d , T e u l o n ,  & R o p e r t ,  1 9 7 6 ) .

1
U n i t s  s p e c i f i c  t o  b i n o c u l a r  d i s p a r i t y  h a v e  a l s o  b e e n  

r e p o r t e d  f o r  t h e  o w l ,  w h i c h  h a s  f r o n t a l  e y e s  a nd  a v e r y  
h i g h l y  d e v e l o p e d  W u l s t  ( P e t t i g r e w  & K o n i s h i ,  1 9 7 6 ) .
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U n i t s  r e s p o n s i v e  t o  m o v e m e n t  a r e  f r e q u e n t l y  

d i r e c t i o n - s p e c i f i c  (De B r i t t o ,  e t  a l . ,  1 9 7 5 ;  M a x w e l l  & 

G r a n d a ,  1 9 7 9 ) .  ( c )  W a v e l e n g t h  i n f o r m a t i o n  i s  n o t

d i f f e r e n t i a l l y  c o d e d  i n  t h e  DLC; a l l  u n i t s  t h e r e  r e s p o n d  

m a x i m a l l y  t o  l i g h t  o f  540 nm ( M a x w e l l  & G r a n d a ,  1 9 7 9 ) .  The  

f i r s t  t w o ,  b u t  n o t  t h e  t h i r d  o f  t h e s e  d i f f e r e n c e s  a r e  a l s o  

c h a r a c t e r i s t i c  o f  mammals  ( s e e  p r e v i o u s  s e c t i o n ) .

S t u d i e s  o f  b e h a v i o r a l  d e f i c i t s  f o l l o w i n g  l e s i o n s  i n  t h e  

t h a l a m o f u g a l  s y s t e m  a r e  p a r t i c u l a r l y  i n s t r u c t i v e ,  s i n c e  t h e y  

e x e m p l i f y  how l a n g u a g e  c a n  s o m e t i m e s  h i n d e r  o u r  

u n d e r s t a n d i n g  o f  human p e r c e p t i o n ,  a nd  how t h e  r e s u l t s  f r o m  

a n i m a l  s t u d i e s  c a n  i n s t r u c t  e x p e r i m e n t e r s  o n  how t o  p o s e  

q u e s t i o n s  t o  human s u b j e c t s .  . . I n  m a m m a l s ,  a b l a t i o n  o f  v i s u a l  

c o r t e x  p r o d u c e s  l a r g e  v i s u a l  d e f i c i t s ,  b u t  a  g r e a t  d e a l  o f  

r e c o v e r y  i s  t y p i c a l l y  o b s e r v e d ,  e s p e c i a l l y  i f  r e t r a i n i n g  i s  

p r o v i d e d .  T h i s  h a s  b e e n  d e m o n s t r a t e d  f o r  r a t s ,  h a m s t e r s ,  

s q u i r r e l s ,  r a b b i t s ,  h e d g e h o g s ,  c a t s ,  b u s h  b a b i e s ,  t r e e  

s h r e w s ,  a nd  m o n k e y s  ( s e e  S p e a r ,  1 9 7 9 ,  f o r  a  r e v i e w ) .  The  

o n l y  a p p a r e n t  e x c e p t i o n  was  w i t h  h u m a n s ,  who r e p o r t e d  

b l i n d n e s s  o r  s c o t o m a  w i t h  c o r t i c a l  d a m a g e ,  w i t h  no r e c o v e r y .  

W e i s k r a n t z  ( 1 9 8 0 ) ,  h o w e v e r ,  r e c e n t l y  d e m o n s t r a t e d  r e s i d u a l  

v i s i o n  i n  h u m a n s  w i t h  c o r i t c a l  l e s i o n s  w i t h i n  t h e i r  " b l i n d ” 

a r e a s  when a  f o r c e d - c h o i c e  p r o c e d u r e  was  e m p l o y e d .  As w i t h  

o t h e r  m a m m a l s ,  d i s c r i m i n a t i o n s  w e r e  p o s s i b l e  b a s e d  u p o n  c u e s  

o t h e r  t h a n  d i f f e r e n c e s  i n  t o t a l  l u m i n o u s  f l u x ,  a nd  e x p l i c i t  

t r a i n i n g  s e e m e d  n e c e s s a r y  f o r  r e c o v e r y  t o  p r o c e e d .  C h o i c e s
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w e r e  s o m e t i m e s  9 0 - 10 0 % c o r r e c t  d e s p i t e  t h e  s u b j e c t s '  

c o n t i n u e d  i n s i s t e n c e  t h a t  t h e y  s a w  n o t h i n g .

I n  b i r d s ,  l e s i o n s  i n  t h e  t h a l a m o f u g a l  p a t h w a y  h a v e  a  

much l e s s  p r o n o u n c e d  e f f e c t  u p o n  v i s u a l  d i s c r i m i n a t i o n  t h a n  

i s  t h e  c a s e  w i t h  p r i m a t e s  ( s e e  Hodos  & K a r t e n ,  1 9 6 6 ,  1 9 7 4 ;  

H o d o s ,  1 9 6 9 ;  P r i t z ,  Mean ,  & N o r t h c u t t ,  1 9 7 0 ) .  I n  f a c t  

p s y c h o p h y s i c a l  t e c h n i q u e s  a r e  n e c e s s a r y  t o  d e t e c t  t h e s e  

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

d o e s  n o t ,  h o w e v e r ,  r e c o v e r  a s  q u i c k l y  a s  i t  d o e s  f o l l o w i n g  

l e s i o n s  i n  t h e  t e c t o f u g a l  p a t h w a y .  T h i s  h a s  b e e n  

d e m o n s t r a t e d  f o r  i n t e n s i t y  d i f f e r e n c e  t h r e s h o l d s  ( H o d o s  & 

B o n b r i g h t ,  1974 )  and  f o r  o r i e n t a t i o n  d i f f e r e n c e  t h r e s h o l d s  

( M u l v a n n y ,  1970 )  . C om p a r e d  w i t h  m a m m a l s ,  we s e e  a l e s s e r  

d e f i c i t  w i t h  t h a l a m o f u g a l  p a t h w a y  l e s i o n s  i n  b i r d s ,

s u g g e s t i n g  t h a t  t h e  two p a t h w a y s  may b e  m o r e  f u n c t i o n a l l y  

r e d u n d a n t  t h a n  i s  t h e  c a s e  f o r  m a m m a l s .  T h o s e  d e f i c i t s  

w h i c h  d o  o c c u r  i n  b o t h  c l a s s e s  o f  o r g a n i s m s ,  h o w e v e r ,  w o u l d  

seem t o  s u p p o r t  t h e  n o t i o n  t h a t  t h e  t h a l a m o f u g a l  p a t h w a y  i s  

i m p o r t a n t  i n  t h e  p r o c e s s i n g  o f  p a t t e r n  i n f o r m a t i o n .



CHAPTER 3
PREDICTING A McCOLLOUGH EFFECT IN PIGEONS

G i v e n  i t s  e x c e l l e n t  c o l o r  and  p a t t e r n  v i s i o n ,  i n c l u d i n g  

a h i g h  d e g r e e  o f  s e n s i t i v i t y  t o  l i n e  o r i e n t a t i o n  ( M u l v a n n y ,  

1 9 79 )  , t h e  p i g e o n  s e e m s  a p r i m e  c a n d i d a t e  f o r  a c r e a t u r e  who 

m i g h t  b e  e x p e c t e d  t o  a c q u i r e  a ME. B a s e d  u p o n  o u r  k n o w l e d g e  

o f  t h e  ME i n  h u m a n s  a n d  o f  t h e  p i g e o n ' s  v i s u a l  s y s t e m ,

h o w e v e r ,  c a n  we now make  a m o r e  c l e a r  p r e d i c t i o n  o f  t h i s  

o c c u r r i n g ?  S u c h  a r e s u l t  w o u l d  d e p e n d  a t  l e a s t  u p o n  t h e  

f o l l o w i n g :  ( a )  t h e  m e c h a n i s m  o f  t h e  ME i n  t h e  human v i s u a l

s y s t e m ,  (b)  t h e  f u n c t i o n  o f  t h e  m e c h a n i s m  u n d e r l y i n g  t h e  ME

i n  h u m a n s ,  ( c )  t h e  e x i s t e n c e  ( o r  l a c k  t h e r e o f )  i n  t h e  p i g e o n

v i s u a l  s y s t e m  o f  m e c h a n i s m s  w h i c h  a r e  h o m o l o g o u s  o r  

a n a l a g o u s  t o  t h o s e  u n d e r l y i n g  t h e  human ME, a nd  (d)  t h e  

i m p o r t a n c e  ( o r  l a c k  t h e r e o f )  f o r  t h e  p i g e o n  o f  t h e  f u n c t i o n  

( i f  any )  u n d e r l y i n g  t h e  human ME. As we h a v e  s e e n  i n  t h e  

p r e c e d i n g  s e c t i o n s ,  m o s t  o f  t h e  a b o v e  i s s u e s  h a v e  n o t  b e e n  

r e s o l v e d ,  s o  a u n i q u e  c l e a r  p r e d i c t i o n  c a n n o t  b e  m a d e .  

H o w e v e r ,  c o n d i t i o n a l  p r e d i c t i o n s  b a s e d  u p o n  a s s u m p t i o n s  

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

Two d i f f e r e n t  s p e c i e s  m i g h t  s h a r e  a g i v e n  b e h a v i o r a l  o r  

p e r c e p t u a l  p h e n o m e n o n  b y  e i t h e r  o n e  o f  two g e n e r a l  r o u t e s .  

F i r s t ,  t h e  p h e n o m e n o n  m i g h t  b e  t h e  r e s u l t  o f  t h e  same  

m e c h a n i s m  i n  e i t h e r  h o m o l o g o u s  o r  a n a l o g o u s  n e u r a l

s t r u c t u r e s .  I n  t h i s  c a s e ,  t h e  p h e n o m e n o n  m i g h t  e i t h e r
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i t s e l f  f u n c t i o n  i n  e n h a n c i n g  t h e  s u r v i v a l  o f  t h e  s p e c i e s  o r  

i t  m i g h t  be  a b y p r o d u c t  o f  some  o t h e r  p h e n o m e n o n  w h i c h  i s  o f  

e v o l u t i o n a r y  s i g n i f i c a n c e ;  t h e s e  f u n c t i o n s  c o u l d  c o n c e i v a b l y  

d i f f e r  f o r  t h e  two s p e c i e s .  S e c o n d l y ,  o n  t h e  o t h e r  h a n d ,  

two s p e c i e s  m i g h t  s h a r e  a b e h a v i o r a l  p h e n o m e n o n  w h i c h  i s  t h e  

r e s u l t  o f  e n t i r e l y  d i f f e r e n t  m e c h a n i s m s  i n  t h e  two c a s e s .  

I f  t h i s  w e r e  t h e  c a s e ,  i t  s e e m s  u n l i k e l y  t h a t  t h e  p h e n o m e n o n  

w o u l d  h a v e  i n d e p e n d e n t l y  a r i s e n  i n  t h e  two s p e c i e s  u n l e s s  i t  

h a d  some f u n c t i o n  o f  b i o l o g i c a l  s i g n i f i c a n c e .

L e t  u s  s u p p o s e ,  f i r s t  o f  a l l ,  t h a t  i f  p i g e o n s  a r e  a b l e  

t o  a c q u i r e  a ME, i t  w i l l  b e  d u e  t o  t h e  s ame  t y p e  o f  

u n d e r l y i n g  m e c h a n i s m  a s  t h a t  i n  h u m a n s .  L e t  u s  f i r s t  

c o n s i d e r  w h a t  we s h o u l d  e x p e c t  i f  t h e  human ME i s  d u e  t o  a n  

a d a p t a t i o n  o r  f a t i g u e - t y p e  p r o c e s s .  I f ,  i n  t h i s  c a s e ,  t h e  

m e c h a n i s m  i s  l o c a t e d  i n  h o m o l o g o u s  n e u r a l  s t r u c t u r e s  we 

s h o u l d  l o o k  i n  t h e  p i g e o n ' s  t h a l a m o f u g a l  p a t h w a y ,  w h i c h  i s  

c e r t a i n l y  g e n e r a l l y  s i m i l a r  t o  t h e  p r i m a t e  g e n i c u l o - s t r i a t e  

p a t h w a y  ( i n  w h i c h  t h e  p r o c e s s  p r o d u c i n g  t h e  human ME i s  

a l w a y s  a s s u m e d  t o  d w e l l )  i f  i t  i s  n o t  i n  f a c t  h o m o l o g o u s  t o  

i t .  We h a v e  s e e n  t h a t  n e u r a l  u n i t s  w i t h

o r i e n t a t i o n - s p e c i f i c i t y  a r e  t o  b e  f o u n d  a t  v a r i o u s  l e v e l s  o f  

t h i s  p a t h w a y :  some  a r e  f o u n d  i n  t h e  DLC (De B r i t t o  e t  a l . ,

1975)  and  many  a r e  f o u n d  i n  t h e  W u l s t  ( e . g .  M i c e l i  e t  a l . ,  

1 9 7 9 ) .  C o l o r - c o d i n g ,  h o w e v e r ,  h a s  n o t  b e e n  f o u n d  i n  t h i s  

p a t h w a y  ( M a x w e l l  & G r a n d a ,  1979 )  . T h u s ,  i f  t h e  ME i s  d u e  t o  

a d a p t a t i o n  o f  d o u b l e - d u t y  c h a n n e l s  t h e n  t h e  p i g e o n  s h o u l d
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n o t  a c q u i r e  a ME ( u n l e s s  s u c h  u n i t s  e x i s t  i n  t h e

e c t o s t r i a t a l  b e l t ,  w h i c h  h a s  n o t  y e t  b e e n  s t u d i e d  

p h y s i o l o g i c a l l y ) .  On t h e  o t h e r  h a n d ,  i f  t h e  e f f e c t  i s  d u e  

t o  c h r o m a t i c  a d a p t a t i o n  o f  e d g e  d e t e c t o r s  t h e n  t h e  p i g e o n  

s h o u l d  a c q u i r e  a ME. The  t w o - s t a g e  p r o c e s s  i n  w h i c h  c o l o r  

i n f o r m a t i o n  ( a t  t h e  p r i m a t e  LGN) " f e e d s  i n t o "  

o r i e n t a t i o n - s p e c i f i c  u n i t s  c o u l d  n o t  o c c u r  f o r  t h e  p i g e o n ,  

u n l e s s  i t  o c c u r r e d  a t  t h e  e c s t o s t r i a t a l  b e l t  w i t h  c o l o r  

i n f o r m a t i o n  c o m i n g  f r o m  t h e  t e c t o f u g a l  p a t h w a y  a nd

c o n v e r g i n g  o n t o  s p a t i a l  i n f o r m a t i o n  c o m i n g  f r o m  t h e  

t h a l a m o f u g a l  p a t h w a y .

I f  we a l l o w  o u r  a d a p t a t i o n  m e c h a n i s m  t o  b e  l o c a t e d  i n  

t h e  t e c t o f u g a l  p a t h w a y ,  t h e n  n e u r o n s  a t  t h e  r e t i n a l  l e v e l  

w o u l d  s ee m t h e  m o s t  l i k e l y  c a n d i d a t e s  f o r  p r o d u c i n g  a ME: 

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

D o n n e r  ( 1 9 5 3 )  f o u n d  r e t i n a l  u n i t s  s e n s i t i v e  t o  d i f f e r e n t  

w a v e l e n g t h s  ( t h o u g h  n o t  o p p o n e n t - p r o c e s s  t y p e ) ,  s o  t h a t

d o u b l e - d u t y  u n i t s  m i g h t  b e  a v a i l a b l e  t o  p r o d u c e  a ME a t  t h i s  

l e v e l .  C e r t a i n l y  a  c h r o m a t i c - a d a p t a t i o n - o f - e d g e - d e t e c t o r  

m e c h a n i s m  w o u l d  b e  f e a s i b l e .  At  o t h e r  l e v e l s  o f  t h e

t e c t o f u g a l  p a t h w a y  t h e  n e c e s s a r y  c o l o r  s p e c i f i c i t y  i s  t h e r e ,  

b u t  t h e  p a t t e r n  s p e c i f i c i t y  p r o b a b l y  i s  n o t .  ^  On t h e  o t h e r

• M a x w e l l  a nd  G r a n d a  ( 1 9 7 9 )  a nd  R e v z i n  ( 1 9 ' 79) h a v e  
s p e c u l a t e d  a b o u t  t h e  p r e s e n c e  o f  s u c h  p a t t e r n - s p e c i f i c  
u n i t s .  H o w e v e r ,  i f  t h e y  e x i s t  t h e y  w o u l d  h a v e  r e c e p t i v e  
f i e l d s  w h i c h  w o u l d  b e  t o o  l a r g e  t o  p r o d u c e  a ME s u c h  a s  
o c c u r s  i n  h u m a n s ,  w h i c h  i s  s p e c i f i c  t o  r e t i n a l  l o c a t i o n  
( S t r o m e y e r ,  1 9 7 2 a ) .
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h a n d ,  M a x w e l l  a nd  G r a n d a  ( 1 9 7 9 )  h a v e  d e s c r i b e d  u n i t s  i n  t h e  

n u c l e u s  r o t u n d u s  w h i c h  w o u l d  q u a l i f y  a s

H a r r i s - a n d - G i b s o n - t y p e  " d i p o l e s " .

S t i l l  a s s u m i n g  t h a t  a ME i n  p i g e o n s  s h o u l d  o c c u r  v i a  

t h e  same  t y p e  o f  m e c h a n i s m  a s  p r o d u c e s  t h a t  i n  h u m a n s ,  l e t  

u s  c o n s i d e r  w h a t  we s h o u l d  e x p e c t  i f  t h e  l a t t e r  i s  an  

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

s p e c i f i c  e n o u g h  t o  a l l o w  a c l e a r  p r e d i c t i o n  i s  t h a t  o f  

K r l l g e r  ( 1 9 7 9 )  , w h i c h  r e l i e s  o n  i n h i b i t o r y  p r o c e s s e s  i n  LGN 

o p p o n e n t - p r o c e s s  n e u r o n s  w i t h  c e n t e r - s u r r o u n d  r e c e p t i v e  

f i e l d s .  I f  t h i s  m o d e l  i s  c o r r e c t ,  t h e n  t h e  p i g e o n  c l e a r l y  

s h o u l d  n o t  a c q u i r e  a ME, s i n c e  s u c h  n e u r o n s  a r e  n o t  f o u n d  i n  

i t s  t h a l a m o f u g a l  p a t h w a y .  O t h e r  l e s s  f o r m a l  a s s o c i a t i o n  

m o d e l s  do  n o t  a l l o w  f o r  s u c h  a c l e a r  p r e d i c t i o n .  On t h e  o n e

h a n d ,  p i g e o n s  o b v i o u s l y  d o  l e a r n ,  i n c l u d i n g ,  s p e c i f i c a l l y ,

v i a  c l a s s i c a l  c o n d i t i o n i n g  ( e . g .  Brown & J e n k i n s ,  1 9 6 3 ) .  On 

t h e  o t h e r  h a n d ,  when i t  c o m e s  t o  " p e r c e p t u a l  l e a r n i n g , "  

b i r d s  ( a l o n g  w i t h  o t h e r  c r e a t u r e s  w i t h  l a t e r a l  e y e s ) ^  a r e  

o f t e n  d e s c r i b e d  a s  l a c k i n g  p l a s t i c i t y  ( e . g .  K. U.  S m i t h  &

S m i t h ,  1 9 6 2 ;  T a u b ,  1 9 6 3 )  . A d u l t  c h i c k e n s ,  f o r  e x a m p l e ,  d o

n o t  a d a p t  t o  o p t i c a l  r e a r r a n g e m e n t  ( P f i s t e r ,  1 9 5 5 ,  c i t e d  by

B l a k e m o r e  ( 1 9 7 4 )  s u g g e s t e d  t h a t  o n l y  c r e a t u r e s  w i t h  
f r o n t a l  e y e s  n e e d e d  t o  " t u n a "  r e c e p t i v e  f i e l d s  o f  t h e  two 
e y e s  t o  p r o d u c e  s t e r e o p s i s ,  a n d  t h a t  t h e r e f o r e  o n l y  s u c h  
s p e c i e s  w o u l d  e x h i b i t  s e n s o r y  and  n e u r a l  p l a s t i c i t y  ( s e e  
a l s o  M i t c h e l l ,  1 9 8 0 ) .
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T a u b ,  1 9 6 8 ) . ^  I f  t h e  p i g e o n ,  t o o ,  l a c k s  t h i s  " p l a s t i c i t y "  

t h e n  i t  s h o u l d  n o t  b e  e x p e c t e d  t o  a c q u i r e  a ME.

L e t  u s  now c o n s i d e r  t h e  s e c o n d  m a j o r  r o u t e  b y  w h i c h  

p i g e o n  a n d  p e r s o n  m i g h t  s h a r e  a p h e n o m e n o n  s u c h  a s  t h e  ME. 

S u p p o s e ,  t h a t  i s ,  t h a t  t h e  e f f e c t  i s  d u e  t o  d i f f e r e n t  

u n d e r l y i n g  m e c h a n i s m s .  I f  t h i s  i s  s o ,  t h e n  a s p e c i f i c  

f u n c t i o n  s h o u l d  be  i d e n t i f i a b l e  w h i c h  w o u l d  c o n t r i b u t e  t o  

t h e  s u r v i v a l  o f  b o t h  s p e c i e s .  I n  C h a p t e r  2 ,  we n o t e d  two 

f u n c t i o n s  w h i c h  h a v e  b e e n  p r o p o s e d  f o r  t h e  ME i n  h u m a n s .  

One ( A n s t i s ,  1 9 7 5 )  s u g g e s t e d  t h a t  i t  m i g h t  f u n c t i o n  t o  e d i t  

o u t  n e u r a l  c r o s s  t a l k  o c c u r r i n g  a s  c o l o r  and  p a t t e r n  

i n f o r m a t i o n  d i v e r g e d  i n t o  s e p a r a t e  c h a n n e l s .  F o r  t h e  

p i g e o n ,  t h i s  f u n c t i o n  may b e  c a r r i e d  o u t  b y  t h e  s e p a r a t i o n  

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

I f  s o ,  i t  w o u l d  n o t  n e e d  a n o t h e r  m e c h a n i s m  s u c h  a s  w o u l d  

p r o d u c e  a ME. The  s e c o n d  p r o p o s e d  f u n c t i o n  o f  t h e  ME ( e . g .  

H e l d ,  1980)  was  t o  a d a p t  t o  c h r o m a t i c  a b e r r a t i o n  s u c h  a s  

m i g h t  b e  p r o d u c e d  b y  t h e  o p t i c s  o f  t h e  e y e .  C e r t a i n l y ,  i f  

a n y t h i n g  t h i s  w o u l d  b e  e v e n  m o r e  o f  a p r o b l e m  f o r  t h e  p i g e o n  

t h a n  f o r  t h e  p r i m a t e ,  s i n c e  c h r o m a t i c  a b e r r a t i o n  i n c r e a s e s  

w i t h  e c c e n t r i c i t y  a n d  t h e  p i g e o n  p r o b a b l y  h a s  g o o d  a c u i t y

1
R o s s i  ( 1 9 6 3 ,  1 9 6 9 ,  1 9 7 1 ,  1972 )  h a s  r e p o r t e d  e v i d e n c e

t h a t  n e w l y  h a t c h e d  c h i c k s  d o  a d a p t  t o  p r i s m a t i c
d i s p l a c e m e n t ,  a l t h o u g h  t h e  e f f e c t  d e p e n d s  u p o n  s u c h
v a r i a b l e s  a s  t h e  n u m b e r  o f  o t h e r  c h i c k s  p r e s e n t  and  t h e
d e n s i t y  o f  s c a t t e r e d  g r a i n  d u r i n g  a d a p t a t i o n .  T h u s ,  t h e
e f f e c t  w o u l d  a p p e a r  t o  b e  q u i t e  f r a g i l e ,  a n d  p r o b a b l y  o n l y  
o c c u r s  d u r i n g  some  s e n s i t i v e  p e r i o d .
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o v e r  much o f  i t s  r e t i n a  ( B l o u g h ,  1 9 7 9 ) .  On t h e  o t h e r  h a n d ,  

o n e  o f  t h e  f u n c t i o n s  w h i c h  h a s  b e e n  p r o p o s e d  f o r  t h e  c o l o r e d  

o i l  d r o p l e t s  o f  t h e  p i g e o n  r e t i n a  i s  t o  e l i m i n a t e  b l u r  d u e  

t o  c h r o m a t i c  a b e r r a t i o n  ( W a l l s  & J u d d ,  1 9 3 3 ;  W o l b a r s h t ,  

1 9 7 6 ) .  A g a i n ,  t h i s  f u n c t i o n  may  b e  c a r r i e d  o u t  i n  t h e  

p i g e o n  a n o t h e r  w a y .

S h o u l d  t h e  p i g e o n  a c q u i r e  t h e  ME? "Maybe"  s e e m s  t o  b e  

a b o u t  t h e  b e s t  we c a n  d o .  On t h e  o t h e r  h a n d ,  a 

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

p h e n o m e n o n  m i g h t  r e n d e r  some m o d e l s  o f  t h e  ME i n  h u m a n s  m o r e  

o r  l e s s  p l a u s i b l e  and  m i g h t  m o d i f y  o u r  c o n c e p t i o n  o f  t h e  

p i g e o n ' s  n e r v o u s  s y s t e m  and  i t s  r e l a t i o n s h i p  t o  t h a t  o f  t h e  

p r  i m a t e .



CHAPTER 4 

RESEARCH STRATEGY

I n  o r d e r  t o  a t t e m p t  t o  d e m o n s t r a t e  t h e  M c C o l l o u g h

e f f e c t  i n  p i g e o n s ,  t h e  f o l l o w i n g  s t r a t e g y  w as  a d o p t e d :  ( a )
\

t h e  s u b j e c t s  w e r e  f i r s t  t a u g h t  t o  " r e p o r t "  on  t h e i r  r e l e v a n t  

v i s u a l  e x p e r i e n c e s ,  and  (b)  i n  t e s t i n g  f o r  t h e  ME, 

p a r a m e t e r s  w e r e  e m p l o y e d  t h a t  w o u l d  m a x i m i z e  t h e  c h a n c e s  o f  

f i n d i n g  t h e  e f f e c t  i f  i t  e x i s t s .

R e p o r t i n g  P e r c e i v e d  C o l o r s  

One o f  t h e  m o s t  e x c i t i n g  a p p l i c a t i o n s  o f  t h e  o p e r a n t  

t e c h n i q u e s  d e v e l o p e d  by  S k i n n e r  ( 1 9 3 8 )  a n d  o t h e r s  i s  i n  

a s s e s s i n g  t h e  s e n s o r y  c a p a c i t i e s  a nd  p e r c e p t u a l  e x p e r i e n c e s  

o f  n o n - v e r b a l  o r g a n i s m s .  T h i s  b r a n c h  o f  t h e  e x p e r i m e n t a l  

a n a l y s i s  o f  b e h a v i o r  i s  g e n e r a l l y  known a s  " s t i m u l u s  

c o n t r o l "  a nd  h a s  b e e n  a p p l i e d  t o  c r e a t u r e s  a s  d i f f e r e n t  a s  

t h e  o c t o p u s  ( S u t h e r l a n d ,  M a c k i n t o s h ,  & M a c k i n t o s h ,  1963)  and  

t h e  human i n f a n t  ( B o w e r ,  1 9 6 4 ) .  T h e s e  t e c h n i q u e s  a r e  

e s p e c i a l l y  e x q u i s i t e  when c o m b i n e d  w i t h  p s y c h o p h y s i c a l  

m e t h o d s  ( e . g .  B l o u g h ,  19-56) ,  a nd  i n d e e d  m o s t  o f  t h e  r e s e a r c h  

c i t e d  e a r l i e r  o n  p i g e o n  v i s i o n  made  u s e  o f  t h i s  m a r r i a g e  o f  

m e t h o d s .

As G l e i t m a n  ( 1 9 7 4 )  h a s  p o i n t e d  o u t ,  t h e  f a c t  t h a t  

n o n - v e r b a l  c r e a t u r e s  c a n n o t  d i r e c t l y  c o m m u n i c a t e  t h e i r  

e x p e r i e n c e s  t o  u s  may i n  f a c t  b e  a n  a d v a n t a g e  i n  d i s g u i s e .
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F o r  e x a m p l e ,  a n  a d u l t  human  who i s  r e d - g r e e n  c o l o r  b l i n d  may 

i n s i s t  t h a t  a g i v e n  o b j e c t  a p p e a r s  g r e e n .  H e ,  l i k e  o t h e r  

a d u l t  h u m a n s ,  h a s  b e e n  r e i n f o r c e d  b y  t h e  v e r b a l  c o m m u n i t y  

f o r  c a l l i n g  c e r t a i n  i t e m s  " g r e e n , "  b u t  t h e  s t i m u l u s  

d i m e n s i o n  u p o n  w h i c h  h i s  j u d g m e n t s  a r e  b a s e d  i s  a l m o s t  

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

t r i c h r o m a t e s . I n  C h a p t e r  2 ,  we s aw  i n  t h e  w o r k  o f  

W e i s k r a n t z  ( 1 9 8 0 )  a c l e a r  e x a m p l e  o f  how r e l i a n c e  u p o n  

s u b j e c t s '  v e r b a l  r e p o r t s  c a n  l e a d  t o  p r o b l e m s  o f  

i n t e r p r e t a t i o n .  When a n  e x p e r i m e n t e r  c a n n o t  r e l y  u p o n  a 

p a s t  r e i n f o r c e m e n t  h i s t o r y  o f  v e r b a l  b e h a v i o r ,  a s  i s  t h e  

c a s e  when  t h e  s u b j e c t  o f  i n v e s t i g a t i o n  i s  n o t  h u m a n ,  

r e i n f o r c e m e n t  c o n t i n g e n c i e s  m u s t  b e  d e v i s e d  s p e c i f i c a l l y  f o r  

u s e  i n  a  g i v e n  s t u d y .  S i n c e  t h e s e  c o n t i n g e n c i e s  a r e  

e x p l i c i t ,  p o t e n t i a l  p r o b l e m s  o f  i n t e r p r e t a t i o n  may b e  m o r e  

o b v i o u s  t h a n  when r e l y i n g  u p o n  v e r b a l  c o m m u n i c a t i o n .  ( S e e ,  

h o w e v e r ,  C h a p t e r s  8 a nd  9 . )

I n  t h e  p r e s e n t  r e s e a r c h ,  p i g e o n s  w e r e  " i n s t r u c t e d "  t o  

r e p o r t  w h e t h e r  a g i v e n  s t i m u l u s  w as  c o l o r e d  o r  a c h r o m a t i c  by  

a r r a n g i n g  t h a t  r e i n f o r c e m e n t  b e  c o n t i n g e n t  u p o n  o n e  r e s p o n s e  

( a  p e c k  t o  a k e y  l o c a t e d  o n  t h e  r i g h t  s i d e  o f  t h e  c h a m b e r )  

i f  t h e  s t i m u l u s  was  i n  f a c t  c o l o r e d ,  a nd  u p o n  a n o t h e r  

r e s p o n s e  ( a  l e f t  k e y  p e c k )  i f  i t  was  a c h r o m a t i c .  Once  a 

h i g h  l e v e l  o f  a c c u r a c y  w as  a c h i e v e d ,  r e i n f o r c e m e n t  was  

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

N o v e l  s t i m u l i  c o u l d  t h e n  b e  p r e s e n t e d  w i t h o u t  p r o v i d i n g
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r e i n f o r c e m e n t  f o r  t h e  b i r d ' s  s u b s e q u e n t  r e s p o n s e s .  I n  t h i s  

c a s e ,  a r i g h t  k e y  p e c k  c o u l d  b e  i n t e r p r e t e d  a s  a r e p o r t  o f  

p e r c e i v e d  c o l o r  a n d  a  l e f t  k e y  p e c k  a s  a r e p o r t  o f  no  

p e r c e i v e d  c o l o r ,  w i t h o u t  p r o v i d i n g  f e e d b a c k  ( r e i n f o r c e m e n t )  

w h i c h  m i g h t  " i n s t r u c t ” t h e  c r e a t u r e  o n  how t o  c l a s s i f y  a 

g i v e n  s t i m u l u s  i n  t h e  f u t u r e .

P i g e o n s  w e r e  t r a i n e d  t o  r e p o r t  o n  c o l o r  i n  g e n e r a l ,  

r a t h e r  t h a n  on  some  p a r t i c u l a r  c o l o r  ( s u c h  a s  r e d  o r  g r e e n ) . 

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

p r e c i s e l y  w h a t  t h e  h u e  o f  a ME m i g h t  b e  f o r  t h e  p i g e o n ,  

s i n c e  i t  i s  n o t  known w h a t  h u e s  a r e  c o m p l e m e n t a r y  f o r  t h i s  

c r e a t u r e .  S i n c e  d i f f e r e n c e s  e x i s t  b e t w e e n  human a n d  p i g e o n  

h u e  b o u n d a r i e s  (A.  A.  W r i g h t  & Cumming ,  1 97 1)  a nd  a n o m a l i e s  

h a v e  b e e n  r e p o r t e d  i n  t h e  l i m i t e d  c o l o r - m i x i n g  s t u d i e s  w h i c h  

h a v e  b e e n  p e r f o r m e d  w i t h  t h e  p i g e o n  ( C o h e n ,  1 9 6 7 ;  J i t s u m o r i ,

1 9 7 6 )  , i t  s e e m s  s a f e r  n o t  t o  a s s u m e  a n y t h i n g  a b o u t  t h e  

s p e c i f i c  c h a r a c t e r i s t i c s  a ME m i g h t  t a k e  on  f o r  t h e  p i g e o n .

I n  o r d e r  t o  i n s u r e  t h a t  t h e  s u b j e c t s '  b e h a v i o r  was  

u n d e r  t h e  c o n t r o l  o f  c h r o m a t i c i t y  r a t h e r  t h a n  s p e c i f i c  h u e s ,  

i n t e n s i t i e s ,  o r  s a t u r a t i o n s  o f  s t i m u l i ,  t r a i n i n g  s t i m u l i  

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

t h e n ,  was  t o  t e a c h  t h e  p i g e o n s  t h e  a b s t r a c t  c o n c e p t  o f  

c h r o m a t i c i t y .
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M a x i m i z i n g  t h e  P r o b a b i l i t y  o f  ME D e t e c t i o n 

I n  t e s t i n g  f o r  t h e  p r e s e n c e  o f  t h e  ME, p a r a m e t e r s  w e r e  

c h o s e n  w h i c h  h a v e  b e e n  d e m o n s t r a t e d  t o  i n c r e a s e  t h e  s t r e n g t h  

o f  t h e  ME i n  h u m a n s .  T h e s e  i n c l u d e d :  ( a )  p r i o r  d a r k

a d a p t a t i o n  ( S t r o m e y e r ,  1 9 7 8 ) ;  (b)  l e n g t h y  ME a d a p t a t i o n

( W h i t e ,  1 9 7 8 ) ;  ( c )  b r i g h t  a d a p t a t i o n  s t i m u l i  ( W h i t e ,  1 97 6)  

w i t h  h i g h l y  s a t u r a t e d  c o l o r s  ( W h i t e ,  1 9 7 8 ) ;  (d)  a d a p t a t i o n  

c o l o r s  r o u g h l y  o p p o s i t e  f r o m  e a c h  o t h e r  ( a n d  t h u s ,  p e r h a p s ,  

c o m p l e m e n t a r y )  o n  t h e  p i g e o n  c o l o r  s p a c e  ( B .  S c h n e i d e r ,  

1 9 7 2 ) :  a l t h o u g h  i t  i s  n o t  m a n d a t o r y  t o  u s e  c o m p l e m e n t a r y

c o l o r s  d u r i n g  a d a p t a t i o n ,  some i n v e s t i g a t o r s  h a v e  s u g g e s t e d  

t h a t  t h e y  may e n h a n c e  ME s t r e n g t h  ( R i g g s  e t  a l . ,  1 9 7 4 ) ;  (e)

t e s t  s t i m u l i  o f  . t h e  s ame  s p a t i a l  f r e q u e n c y  a s  t h e  a d a p t a t i o n  

s t i m u l i  ( T e f t  & C l a r k ,  1 9 6 8 ;  S t r o m e y e r ,  1 9 7 2 b ) ;  ( f )  t e s t  

s t i m u l i  w i t h  b o t h  o r i e n t a t i o n s  p r e s e n t  s i m u l t a n e o u s l y ,  w h i c h  

e n h a n c e s  t h e  ME t h r o u g h  c o l o r  c o n t r a s t  ( S t r o m e y e r ,  1 9 7 8 ) ;  

(g)  t e s t  s t i m u l i  o f  h i g h  c o n t r a s t  ( S t r o m e y e r ,  1978)  a nd  

r e l a t i v e l y  l o w  i n t e n s i t y  ( S t r o m e y e r ,  1 9 7 1 ;  W h i t e ,  1 9 7 6 ) ;  (h)  

m a i n t a i n i n g  r e l a t i v e l y  c o n s t a n t  h e a d  p o s i t i o n  o f  t h e  

s u b j e c t s  d u r i n g  t e s t i n g  ( M c C o l l o u g h ,  1 9 6 5 ) ;  a n d  ( i )  

i n c l u d i n g  a d a p t a t i o n / t e s t  s e s s i o n s  i n  w h i c h  t h e  s u b j e c t s  

w e r e  i n j e c t e d  w i t h  s c o p o l a m i n e  ( S h u t e ,  1 9 7 9 ) .



CHAPTER 5
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The  p u r p o s e  o f  t h i s  p h a s e ,  a s  d e s c r i b e d  i n  t h e  p r e v i o u s

s e c t i o n ,  was  t o  t e a c h  a g e n e r a l  c h r o m a t i c i t y  c o n c e p t  t o  t h e

s u b j e c t s ,  s o  t h a t  t h e y  m i g h t  " r e p o r t "  t h e i r  e x p e r i e n c e  o f

c o l o r  f o l l o w i n g  ME a d a p t a t i o n .  The  d e m o n s t r a t i o n  o f  an

a b s t r a c t  c o n c e p t  s u c h  a s  c h r o m a t i c i t y  i n  p i g e o n s  i s  a l s o  o f

some i n t e r e s t  i n  i t s  own r i g h t ,  h o w e v e r .  P i g e o n s  h a v e  b e e n

shown c a p a b l e  o f  a c q u i r i n g  v a r i o u s  c o n c e p t s ,  i n c l u d i n g

s o - c a l l e d  " n a t u r a l "  c o n c e p t s  s u c h  a s  " p e r s o n "  ( H e r r n s t e i n  &

L o v e l a n d ,  1 96 4 )  a nd  " t r e e "  ( H e r r n s t e i n ,  1 9 7 9 ) ,  a s  w e l l  a s

l e s s  c o n c r e t e  c o n c e p t s  s u c h  a s  "A" ( M o r g a n ,  F i t c h ,  H o l m a n ,  &.

L e a ,  1 9 76 )  a nd  " s y m m e t r i c a l "  ( D e l i u s  & H a b e r s ,  1 9 7 8 ) .

P r e m a c k  ( 1 9 7 8 ) ,  h o w e v e r ,  h a s  q u e s t i o n e d  t h e  g e n e r a l i t y  a nd

a b s t r a c t n e s s  o f  ma ny  o f  t h e s e  d e m o n s t r a t e d  c o n c e p t s ,  a nd  h a s

s p e c i f i c a l l y  s u g g e s t e d  t h a t  p i g e o n s  s h o u l d  b e  i n c a p a b l e  o f

a c q u i r i n g  t h e  c o n c e p t  o f  " c h r o m a t i c i t y . "  P r e m a c k  a r g u e s

t h a t  g e n e r a l i z a t i o n  w i l l  o c c u r ,  b u t  t h a t  " t r u e "  c o n c e p t u a l

b e h a v i o r ,  s u c h  a s  t h a t  d e m o n s t r a t e d  i n  h i s  c h i m p s ,  w i l l  n o t .

P e r h a p s  t h e  s i m p l e s t  way  t o  show t h a t  t h e  p i g e o n  d o e s  
n o t  h a v e  t h e  human  c o n c e p t  o f  c o l o r  w o u l d  b e  t o  t r a i n  i t  
t o  p e c k  t h e  l e f t  k e y  i n  t h e  p r e s e n c e  o f  c e r t a i n  
c h r o m a t i c  v a l u e s  and  r i g h t  k e y  i n  t h e  p r e s e n c e  o f  
c e r t a i n  a c h r o m a t i c  o n e s .  To s a y  t h a t  t h e  b i r d  m a k e s  t h e  
human d i s t i n c t i o n ,  i n  e f f e c t ,  " k n o w s  w h a t  k i n d  o f  t h i n g  
a c o l o r  i s "  —  a n d  t h e r e f o r e  a c c e p t s  b l u e ,  r e d  o r  g r e e n  
a s  i n s t a n c e s  o f  c o l o r  no l e s s  t h a n  t h e  y e l l o w  o n  w h i c h  
i t  was  t r a i n e d  —  r e q u i r e s  t h a t  t h e  b i r d  p e c k  t h e  l e f t  
k e y  t o  a l l  c h r o m a t i c  v a l u e s  and  t h e  r i g h t  k e y  t o  a l l  
a c h r o m a t i c  o n e s .  B u t  w i l l  t h e  b i r d  r e s p o n d  i n  t h e
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c a t e g o r i c a l  m a n n e r  r e q u i r e d  by  t h e  human d i s t i n c t i o n  
b e t w e e n  c o l o r e d  a nd  n o t  c o l o r e d ?  Or w i l l  i t  s i m p l y  
g e n e r a t e  g r a d i e n t ^  a r o u n d  t h e  t r a i n i n g  s t i m u l i ?
( P r e m a c k ,  1 9 7 8 ,  p .  4 3 6 . )

F o r t u i t o u s l y ,  t h e  p r o c e d u r e  e m p l o y e d  i n  t h i s  s t u d y  i s  n e a r l y

i d e n t i c a l  t o  t h a t  r e q u i r e d  i n  P r e m a c k ' s  t e s t .

C o n c e p t u a l  b e h a v i o r  may b e  d e f i n e d  a s  g e n e r a l i z a t i o n  

w i t h i n  a s t i m u l u s  c l a s s  and  d i s c r i m i n a t i o n  b e t w e e n  s t i m u l u s  

c l a s s e s  ( K e l l e r  & S c h o e n f e l d ,  1950)  a n d  i s  d e m o n s t r a t e d  by  

t r a n s f e r  t o  n o v e l  i n s t a n c e s  o f  t h e  c l a s s e s .  I n  t h i s  s t u d y  

i t  was  p o s s i b l e  t o  a s s e s s  t h e  e x i s t e n c e  a nd  g e n e r a l i t y  o f  a 

c h r o m a t i c i t y  c o n c e p t  i n  two w a y s .  F i r s t ,  h u e s  w e r e

i n t r o d u c e d  a nd  a d d e d  t o  t h e  c h r o m a t i c  s e t  o n e  a t  a t i m e ,  s o  

t h a t  t h e  b i r d s '  p e r f o r m a n c e  on  t h e  f i r s t  d a y  t h a t  a h u e  was  

a d d e d  c o u l d  i n d i c a t e  w h e t h e r  t h e  new c o l o r e d  s t i m u l i  w e r e  

a l r e a d y  c l a s s i f i e d  i n  t h e  s ame  way a s  p r e v i o u s l y  e n c o u n t e r e d  

c o l o r e d  s t i m u l i .  S e c o n d l y ,  two t r a n s f e r  t e s t s  e m p l o y i n g  

n o v e l  s t i m u l i  w e r e  i n c l u d e d .

M e t h o d s

S u b j e c t s

F i v e  W h i t e  C a r n e a u x  p i g e o n s  ( 2 3 ,  2 4 ,  2 3 0 ,  37 a n d  40)

s e r v e d  a s  s u b j e c t s .  T h r e e  o f  t h e s e  ( 2 3 ,  24 a n d  230)  h a d

e x p e r i m e n t a l  h i s t o r i e s  i n c l u d i n g  a r e d - w h i t e  d i s c r i m i n a t i o n .  

B i r d  24 d i e d  d u r i n g  t h e  e x p e r i m e n t ,  w h e r e u p o n  b i r d s  37 and  

40 w e r e  a d d e d .  T h e i r  e x p e r i m e n t a l  h i s t o r i e s  i n c l u d e d  

d i s c r i m i n a t i v e  a u t o s h a p i n g  u s i n g  c o l o r e d  C S ' s ,  a nd  a s t u d y  

e m p l o y i n g  a n  a u d i t o r y  d i s c r i m i n a t i o n .  The  d a t a  f o r  b i r d  24
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a r e  n o t  r e p o r t e d ,  b e i n g  i n c o m p l e t e .

A p p a r a t u s

The  3 0 . 5  x 32 x 35 cm e x p e r i m e n t a l  c h a m b e r ,  i l l u s t r a t e d  

i n  F i g u r e  5 . 1 ,  i n c l u d e d  t h r e e  m a n i p u l a n d a :  two s t a n d a r d

p i g e o n  k e y s  p o s i t i o n e d  18 cm a p a r t  a nd  20 cm a b o v e  t h e  

f l o o r ,  and  a r e c t a n g u l a r  s l e e v e ,  5 x 5 cm a t  t h e  o p e n i n g  and  

1 2 . 5  cm l o n g ,  i n t o  w h i c h  t h e  p i g e o n  c o u l d  i n s e r t  i t s  h e a d .  

A b a c k - p r o j e c t i o n  s c r e e n  w as  l o c a t e d  a t  t h e  end  o f  t h e  

s l e e v e ,  and  a p h o t o c e l l  p l a c e d  3 cm b e y o n d  t h e  s l e e v e  

o p e n i n g  a l l o w e d  d e t e c t i o n  o f  t h e  b i r d ' s  h e a d  i n  t h e  s l e e v e .  

A g r a i n  m a g a z i n e  was  m o u n t e d  d i r e c t l y  b e l o w  t h e  o p e n i n g  t o  

t h e  s l e e v e  a nd  5 . 5  cm f r o m  t h e  f l o o r .  A h o u s e  l i g h t  was  

p o s i t i o n e d  4 cm a b o v e  t h e  s l e e v e  o p e n i n g .

The  a b o v e  c h a m b e r  was  h o u s e d  i n  a l a r g e r  50 x 60 x 90 

cm i n s u l a t e d  box  e q u i p p e d  w i t h  a f a n .  An 8 x 1 0 . 5  cm h o l e  

i n  t h e  b o x  a l l o w e d  t h e  beam f r o m  a Kodak  E k t a g r a p h i c  

C a r o u s e l  p r o j e c t o r  t o  e n t e r ,  a s h u t t e r  b e i n g  p o s i t i o n e d  9 cm 

b e h i n d  t h e  h o l e  a n d  1 5 . 5  cm f r o m  t h e  b a c k  p r o j e c t i o n  s c r e e n .  

Two p h o t o c e l l s  w e r e  p o s i t i o n e d  a t  t h e  l e v e l  o f  t h e  s h u t t e r ,  

w h i c h  a l l o w e d  t h e  c o d e d  s l i d e s  t o  b e  r e a d  a s  ( a )  c o l o r e d  o r  

b l a c k - a n d - w h i t e ,  and  (b)  t r a i n i n g  o r  t e s t  s t i m u l i  ( t e s t  

s t i m u l i  w i l l  b e  d e s c r i b e d  i n  C h a p t e r  6 ) .

S t i m u l i

The s t i m u l i  c o n s i s t e d  o f  c o l o r e d  o r  b l a c k - a n d - w h i t e  

s l i d e s ,  t h e  f o r m e r  p r o c e s s e d  f r o m  K o d a c h r o m e  o r  E k t a c h r o m e
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Key Viewing Key0 □ o
Sleeve
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Sleeve
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Figure 5.1 Schematic diagram (not to scale! of the apparatus employed in 
Experiment I. Shown are diagrams of the control panel located inside the chamber. 
The front view Cleft) shows the relative location of the response keys, viewing 
sleeve and hopper. The side view (right) shows the location of the back projection 
screen at the end of the viewing sleeve, and the position required of the birds 
during the first link of the chained schedule.
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f i l m  a nd  t h e  l a t t e r  f r o m  Kodak  d i r e c t  p o s i t i v e  P a n a t o m i c - X  

f i l m .  A l l  s l i d e s  u s e d  i n  t h e  t r a i n i n g  p h a s e ,  i n c l u d e d  

v a r i o u s  p a t t e r n s  ( g r i d s ,  c i r c l e s ,  t r i a n g l e s ,  l e t t e r s ,  o r  no 

p a t t e r n ) , a nd  w e r e  p h o t o g r a p h e d  o v e r  a 3 f - s t o p  r a n g e  i n  

o r d e r  t o  v a r y  t h e  i n t e n s i t y  o r  b r i g h t n e s s  o f  t h e  s l i d e s .  

C o l o r e d  s l i d e s  w e r e  made  e i t h e r  b y  p h o t o g r a p h i n g  t h e

p a t t e r n s  t h r o u g h  o n e  o r  m o r e  c o l o r e d  f i l t e r s  ( K o d a k  W r a t t e n  

5 8 ,  5 9 ,  2 5 ,  2 9 ,  CC50R,  CC10M, CC05M; o r  o r a n g e ,  y e l l o w ,

a q u a ,  v i o l e t  p l a s t i c )  o r  b y  p h o t o g r a p h i n g  c o l o r e d  c u t - o u t s  

o n  a  w h i t e  b a c k g r o u n d  o r  b l a c k  o r  w h i t e  c u t - o u t s  p l a c e d  on  

c o l o r e d  p a p e r .  When m e a s u r e d  w i t h  a S e a r s  and  R o e b u c k  m o d e l  

3 7 6 . 8 0 5 1 0  l i g h t  m e t e r ,  t h e  i n t e n s i t i e s  o f  t h e  c h r o m a t i c  s e t  

r a n g e d  f r o m  6 . 3  t o  11 u n i t s ,  w h i l e  t h e  i n t e n s i t i e s  o f  t h e  

a c h r o m a t i c  s e t  r a n g e d  f r o m  5 t o  1 0 . 5  u n i t s .

The  c h r o m a t i c  s l i d e s  i n  e a c h  t r a i n i n g  s e t  i n c l u d e d  

s t i m u l i  w h i c h  v a r i e d  i n  a p p a r e n t  s a t u r a t i o n ,  d o m i n a n t

w a v e l e n g t h ,  a n d  i n t e n s i t y ,  b u t  o f  t h e  s ame  b a s i c  (human)  

h u e .  C i r c u l a r  s l i d e  t r a y s  h o l d i n g  30 o r  140 ( f o r  T r a n s f e r  

T e s t  1) s l i d e s  w e r e  u s e d ,  w i t h  e q u a l  n u m b e r s  o f  c o l o r e d  and  

a c h r o m a t i c  s t i m u l i  b e i n g  u s e d .  The  o r d e r  o f  s l i d e s  was  

b l o c k  r a n d o m i z e d ,  w i t h  no  m o r e  t h a n  t h r e e  i n  s u c c e s s i o n  o f  

e i t h e r  t y p e .  The  s l i d e  o r d e r s  w e r e  c h a n g e d  when a new c o l o r  

was  a d d e d  a nd  o c c a s i o n a l l y  a t  o t h e r  t i m e s .

The  c h r o m a t i c  s t i m u l i  f o r  t h e  f i r s t  t r a n s f e r  t e s t  

u t i l i z e d  c o m b i n a t i o n s  o f  16 new a nd  6 o l d  c o l o r s  w i t h  16 new

a nd  9 o l d  p a t t e r n s .  The  c h a r a c t e r i s t i c s  o f  t h e  140 s t i m u l i
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u s e d  a r e  s u m m a r i z e d  i n  T a b l e  6 . 1 .  The  s e c o n d  t r a n s f e r  t e s t  

c o n s i s t e d  o f  p h o t o g r a p h s  o f  m a g a z i n e  p i c t u r e s ,  D e g a s  and  Van 

Gogh p a i n t i n g s ,  b o o k  j a c k e t s ,  e t c . ,  w i t h  e a c h  o f  t h e  40

s t i m u l i  p h o t o g r a p h e d  b o t h  i n  c o l o r  a nd  i n  b l a c k - a n d - w h i t e .  

P r o c e d u r e

P r e l i m i n a r y  T r a i n i n g

The  b i r d s  w e r e  m a i n t a i n e d  a t  80% o f  t h e i r  f r e e  f e e d i n g  

w e i g h t s .  T h e y  w e r e  f i r s t  t r a i n e d  t o  p e c k  a w h i t e  l i t  k e y ,  

b e i n g  p r e s e n t e d  w i t h  o n l y  o n e  o f  t h e  two k e y s  a t  a t i m e .

N e x t ,  t h e  b i r d s  w e r e  s h a p e d  t o  i n s e r t  t h e i r  h e a d  i n t o  t h e

s l e e v e ,  a f t e r  w h i c h  t h e  f o l l o w i n g  c o n t i n g e n c i e s  w e r e

i n s t i t u t e d :  I n s e r t i n g  t h e  h e a d  i n t o  t h e  s l e e v e  o p e n e d  t h e

s h u t t e r .  I f  t h e  h e a d  w e r e  k e p t  i n  t h e  s l e e v e  f o r  some

minimum a m o u n t  o f  t i m e  t h e  s h u t t e r  w o u l d  c l o s e  a nd  a s i d e

k e y  w o u l d  come o n  w h i c h ,  when p e c k e d  o n c e ,  e x t i n g u i s h e d  and  

was  f o l l o w e d  b y  4 s e c  a c c e s s  t o  g r a i n .  I f  t h e  h e a d  w e r e  

h e l d  i n  t h e  s l e e v e  f o r  l e s s  t h a n  t h e  minimum t i m e  r e q u i r e d ,  

t h e  s h u t t e r  w o u l d  c l o s e  b u t  t h e  k e y s  w o u l d  r e m a i n  d a r k .  The 

h e a d - i n  t i m e  r e q u i r e m e n t  was  g r a d u a l l y  i n c r e a s e d  t o  4 . 2  s e c ,  

a nd  a 5 s e c  b l a c k - o u t ,  i n  w h i c h  t h e  h o u s e  l i g h t  was  t u r n e d  

o f f  and  h e a d - i n s  h a d  no s c h e d u l e d  c o n s e q u e n c e s ,  was  a d d e d  

c o n t i n g e n t  on  s h o r t e r  h e a d - i n  t i m e s .  A 5 s e c  i n t e r - t r i a l  

i n t e r v a l  w i t h  h o u s e  l i g h t  o f f  was  a l s o  a d d e d  f o l l o w i n g  e a c h

k e y  p e c k  t o  a l l o w  t i m e  f o r  s l i d e s  t o  a d v a n c e  i n  t h e  n e x t

p h a s e .
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Table 5.1 
Transfer Test 1 Stimuli:

Number of Slides Employed of Various Types

New Color Old Color Achromatic

New Pattern 26 12 38
Old Pattern 17 0 32
Two Colors 
(no pattern)

8 7 —

Filters (.aqua, yellow + aqua, magenta + 
violet, magenta + yellow, magenta) or construction 
paper (pink, dark green, yellow-green, orange, 
brown, gold, dark purple, blue, light blue, light 
violet, muddy violet).



58

D i s c r i m i n a t i o n  T r a i n i n g

T he  a b o v e  p r o c e d u r e  w as  m o d i f i e d  s u c h  t h a t  b o t h  k e y s  

w e r e  l i t  a f t e r  t h e  b i r d  h ad  h e l d  i t s  h e a d  i n  t h e  s l e e v e  f o r  

t h e  r e q u i r e d  a m o u n t  o f  t i m e .  F u r t h e r m o r e ,  a p e c k  o n  t h e  

r i g h t  k e y  was  o n l y  r e i n f o r c e d  i f  a c o l o r e d  s l i d e  h a d  j u s t  

b e e n  p r e s e n t e d ,  w h e r e a s  a l e f t  k e y  p e c k  w as  r e i n f o r c e d  

f o l l o w i n g  p r e s e n t a t i o n  o f  a n  a c h r o m a t i c  s t i m u l u s .  The  s l i d e  

a d v a n c e d  d u r i n g  t h e  i n t e r - t r i a l  i n t e r v a l  w h e t h e r  t h e  

r e s p o n s e  h ad  b e e n  c o r r e c t  o r  n o t .  A s c h e m a t i c  s umma ry  o f

t h e  p r o c e d u r e  i s  p r e s e n t e d  i n  F i g u r e  S . 2 .  A s e s s i o n

c o n s i s t e d  o f  100 t r i a l s ,  s o  t h a t  o n e - q u a r t e r  o f  t h e  30

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

s l i d e  p r e s e n t e d  v a r i e d  f r o m  d a y  t o  d a y .

A g i v e n  s e t  o f  s t i m u l i  wa s  p r e s e n t e d  u n t i l  t h e

s e v e n - d a y  m e d i a n  a c c u r a c y  l e v e l  o f  a l l  b i r d s  w as  70% o r  

b e t t e r  and  t h e  n e x t  s e t  o f  s t i m u l i  was  r e a d y .  The  a c c u r a c y  

l e v e l  a c t u a l l y  a t t a i n e d  was  a b o v e  85% e x c e p t  f o r  o n e  c a s e  

( b i r d  37 w i t h  i t s  f i r s t  c o l o r )  , a n d  a b o v e  90% i n  e v e r y  c a s e  

b u t  f o u r  ( f i r s t  c o l o r  f o r  2 3 ,  3 7 ,  a n d  4 0 ;  s e c o n d  c o l o r  f o r  

2 3 0 ) .  At  t h a t  t i m e ,  t h e  new c o l o r  was  a d d e d  t o  t h e  p r e v i o u s  

c h r o m a t i c  s e t ,  s o  t h a t  t h e  s e c o n d  d i s c r i m i n a t i o n ,  f o r  

e x a m p l e ,  was  r e d  o r  g r e e n  v e r s u s  a c h r o m a t i c .  At  t h e  l a s t  

a d d i t i o n ,  t h e  c h r o m a t i c  s e t  c o n s i s t e d  o f  6 o r  7 s l i d e s  o f  

e a c h  o f  s i x  c o l o r s .  C o l o r s  w e r e  a d d e d  t o  t h e  c h r o m a t i c  s e t  

i n  t h e  f o l l o w i n g  o r d e r s :  F o r  b i r d s  2 3 ,  2 4 ,  a n d  2 3 0 ,  r e d  

( R ) , g r e e n  ( G ) , o r a n g e  ( 0 ) ,  y e l l o w  ( Y ) , v i o l e t  ( V ) , b l u e
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Figure 5.2. Schematic diagram of the procedure employed in Experiment I . The 
correct key is defined as the right key following a colored slide or the left key 
following an achromatic slide, while the incorrect key is defined as the left key 
following a colored slide or the right key following an achromatic slide. During the 
inter-trial interval (ITI), the house light (HL) and key lights go off the the slide 
advances. The minimum head-in time required is t; SR is the reinforcer (access to 
grain).
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( B ) ;  f o r  b i r d s  37 a n d  4 0 ,  G,  R,  0 ,  B,  V,  Y.

R e i n f o r c e m e n t  f o r  c o r r e c t  r e s p o n s e s  was  s h i f t e d  t o  a 

p a r t i a l  s c h e d u l e  a f t e r  t h e  a d d i t i o n  o f  t h e  f o u r t h  c o l o r ,  

w i t h  t h e  p r o b a b i l i t y  o f  r e i n f o r c e m e n t  b e i n g  g r a d u a l l y  

d e c r e a s e d  t o  . 4 5 .  T h i s  s c h e d u l e  o f  r e i n f o r c e m e n t  wa s  a l s o  

i n  e f f e c t  d u r i n g  t h e  t r a n s f e r  t e s t s .

T r a n s f e r  T e s t s

F o l l o w i n g  t h e  a b o v e  t r a i n i n g ,  t h e  f o u r  b i r d s  w e r e  

t e s t e d  w i t h  new s l i d e s ,  a s  d e s c r i b e d  a b o v e .  E a c h  o f  t h e  140 

s t i m u l i  o f  t h e  f i r s t  t r a n s f e r  t e s t  w a s  p r e s e n t e d  b u t  o n c e  i n  

a s e s s i o n ,  w h i l e  some  o f  t h e  80 s t i m u l i  o f  t h e  s e c o n d  t e s t  

w e r e  p r e s e n t e d  t w i c e  i n  a s e s s i o n ,  a s  w i t h  t h e  t r a i n i n g  

s t i m u l i .

R e s u l t s

T r a i n i n g

Of p r i m a r y  i n t e r e s t  i s  t h e  b i r d s '  b e h a v i o r  d u r i n g  t h e  

f i r s t  s e s s i o n  t h a t  a new c o l o r  was  a d d e d .  More  s p e c i f i c a l l y  

t h e  a c c u r a c y  l e v e l  o f  t h e  new c o l o r  a s  c o m p a r e d  w i t h  t h a t  o f  

t h e  o l d  c o l o r  w o u l d  i n d i c a t e  w h e t h e r  t h e  s u b j e c t  h ad  

a c q u i r e d  a m o r e  o r  l e s s  g e n e r a l  c h r o m a t i c i t y  c o n c e p t  ( i f  t h e  

a c c u r a c y  on  t h e  new c o l o r  w e r e  a b o v e  c h a n c e  and  m o r e  o r  l e s s  

s i m i l a r  i n  l e v e l  t o  t h a t  o n  t h e  o l d  c o l o r )  o r  w h e t h e r  t h e  

b i r d  had  m e r e l y  l e a r n e d  a s e t  o f  s t i m u l u s - r e s p o n s e  r u l e s , o r ,  

a l t e r n a t i v e l y ,  a r e l a t i v e l y  n a r r o w  c o n c e p t  s u c h  a s  " r e d "  ( i f  

t h e  a c c u r a c y  on  t h e  new c o l o r  w e r e  a t  t h e  c h a n c e  l e v e l ) .
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F i g u r e s  5 . 3  t h r o u g h  5 . 6  s h ow  t h e  p e r c e n t a g e  o f  r i g h t  

k e y  r e s p o n s e s  o n  t h e  f i r s t  s e s s i o n  when  e a c h  new c o l o r  was  

a d d e d  f o r  e a c h  b i r d .  C o m p l e t e  a c q u i s i t i o n  d a t a  o v e r  t h e  

f i r s t  7 t o  12  s e s s i o n s  f o l l o w i n g  e a c h  new c o l o r  a d d i t i o n  a r e  

p r e s e n t e d  i n  A p p e n d i x  A.  P e r f o r m a n c e  l e v e l s  a r e  i n d i c a t e d  

s e p a r a t e l y  f o r  t h e  new c o l o r ,  o l d  c o l o r ( s ) ,  a n d  a c h r o m a t i c  

s t i m u l i ,  e x c e p t  w i t h  t h e  f i r s t  new c o l o r  f o r  b i r d s  23 a n d  

2 3 0 ,  when o n l y  d a t a  f o r  a c h r o m a t i c  a n d  a l l  c o l o r e d  s t i m u l i  

c o m b i n e d  a r e  a v a i l a b l e .  N o t e  t h a t  a r i g h t  k e y  p e c k  i s  

c o r r e c t  f o l l o w i n g  c o l o r e d  s t i m u l i  a nd  i n c o r r e c t  f o l l o w i n g  

a c h r o m a t i c  s t i m u l i .  The  f i r s t  s t r i k i n g  f e a t u r e  o f  t h e s e  

d a t a  i s  t h a t  i n  o n l y  t h r e e  c a s e s  was  f i r s t  d a y  r e s p o n d i n g  t o  

new c o l o r s  a t  c h a n c e  o r  be low: '®’ n a m e l y ,  f o r  b i r d s  23 and  

230 when  B w a s  a d d e d ,  a n d  f o r  b i r d  37 when  0 w as  a d d e d .  

A l t h o u g h  e a c h  i n d i v i d u a l  p r e s e n t a t i o n  o f  t h e  new c o l o r  w o u l d  

a f f o r d  a n  o p p o r t u n i t y  f o r  l e a r n i n g  t o  t a k e  p l a c e  ( a t  l e a s t  

w i t h  t h e  f i r s t  t h r e e  a d d i t i o n s  when a c o n t i n u o u s  s c h e d u l e  o f  

r e i n f o r c e m e n t  was  i n  e f f e c t ) , t h e r e  i s  some s u g g e s t i o n  t h a t  

t h e  c h r o m a t i c i t y  c o n c e p t  was  a l r e a d y  p r e s e n t  f o l l o w i n g  

t r a i n i n g  w i t h  o n l y  o n e  e x e m p l a r .

A s e c o n d  r e s u l t  i n d i c a t e d  i n  t h e s e  f i g u r e s  i s  t h a t ,  i n  

a l l  b u t  f i v e  c a s e s ,  t h e  a c c u r a c y  l e v e l  w i t h  t h e  new c o l o r  i s  

l o w e r  t h a n  w i t h  t h e  o l d  c o l o r ( s )  . The  e x c e p t i o n s  o c c u r

R e s p o n d i n g  may h a v e  b e e n  a t  c h a n c e  f o r  23 a nd  230 when 
G was  a d d e d .  R e s p o n s e s  t o  R a n d  G w e r e  n o t  r e c o r d e d  
s e p a r a t e l y  a t  t h a t  t i m e .
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Figure 5.3. Percentage of right key pecks on 
the fir5.t day each new color was added for bird 23. 
Filled symbols are for colored stimuli: triangles
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violet, V; blue, B), circles for the old colors (or 
for both new and old colors combined for G). Open 
circles are for achromatic stimuli.
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Figure 5.4. Percentage of right key pecks on
the first day each new color was added for bird 230
See the legend of Figure 6.3 for details.
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m o s t l y  w i t h  b i r d  4 0 ,  w i t h  a d d i t i o n s  o f  R,  B ,  a n d  V; b i r d  37

a l s o  d i d  b e t t e r  on  t h e  new c o l o r  when V w as  a d d e d ,  w h i l e

b i r d  230  d i d  e q u a l l y  w e l l  o n  new a n d  o l d  c o l o r s  when  0 wa s  

a d d e d .  T h i s  m i g h t  s u g g e s t  t h a t  t h e  c h r o m a t i c i t y  c o n c e p t  

a c q u i r e d  w as  n o t  p e r f e c t l y  g e n e r a l  ( i . e . ,  some

g e n e r a l i z a t i o n  d e c r e m e n t  o c c u r r e d ) , w i t h  t h e  p o s s i b l e  

e x c e p t i o n  o f  b i r d  4 0 .

T a b l e  5 . 2  s u m m a r i z e s  t h e  b i r d s '  b e h a v i o r  o n  t h e  f i r s t  

d a y  a  new c o l o r  was  a d d e d  r e l a t i v e  t o  t h e i r  p r e v i o u s  

s e v e n - d a y  r a n g e  o f  a c c u r a c y .  A d i f f e r e n c e  b e t w e e n  t h e

b e h a v i o r  o f  b i r d s  23 a n d  230 a n d  b i r d s  37 a n d  40 i s  

a p p a r e n t ,  w i t h  t h e  f o r m e r  p a i r  s h o w i n g  much m o r e  d i s r u p t i o n  

o f  b e h a v i o r  t h a n  t h e  l a t t e r ,  p a r t i c u l a r l y  w i t h  t h e  new 

c o l o r .  I t  m i g h t  b e  a r g u e d  t h a t  b i r d s  23 a nd  230 e x h i b i t e d  

g e n e r a l i z a t i o n  d e c r e m e n t s  w i t h  t h e  n o v e l  c o l o r s ,  w h e r e a s  

b i r d s  37 a nd  40 s ee m t o  h a v e  a l r e a d y  a c q u i r e d  a g e n e r a l  

c h r o m a t i c i t y  c o n c e p t  f o l l o w i n g  t r a i n i n g  w i t h  o n l y  o n e  

e x e m p l a r ,  s u c h  t h a t  b e h a v i o r  w i t h  new a nd  o l d  c o l o r s  was  

h i g h l y  s i m i l a r .  A c l e a r  e x c e p t i o n  f o r  t h e  l a t t e r  two two 

b i r d s  i s  w i t h  t h e  a d d i t i o n  o f  0 ,  w h i c h  d i s r u p t e d  b o t h  b i r d s '  

b e h a v i o r  c o n s i d e r a b l y .

T a b l e  5 . 2  a l s o  s h o w s  a t e n d e n c y  f o r  b i r d s  23 a n d  230  t o  

b e c o m e  d i s r u p t e d  on  f a m i l i a r  s t i m u l i  a s  w e l l  a s  on  t h e  new 

c o l o r :  T h i s  o c c u r r e d  on  4 t o  5 ( d e p e n d i n g  u p o n  w h e t h e r

b e h a v i o r  when G w as  a d d e d  i s  a s s u m e d  t o  h a v e  a f f e c t e d  b o t h  

new and  o l d  c o l o r s  o r  new c o l o r s  o n l y )  o f  t h e  9 o c c a s i o n s
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Table 5.2 

Accuracy Relative to Baseline 
on First Session of Each New Color

Below Baseline Range Within Baseline Range
Bird NC NCa  0 C a Aa NC OC A

2 3 G x b X

0 X X X

Y X X X

V X X X

B X X X

2 3 0 G x b X

0 X X X

Y X X X

V X X X

B X X X

3 7 R X X X

0 X X X

B X X X

V X X X

Y X X X

4 0 R X X X

0 X X X

B X X X

V X X X

Y X X X

= New Color, OC 5= Old Color(s) , A = Achromatic.
Accuracy on all colored stimuli combined.

Separate data for NC and OC unavailable.
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when new s t i m u l u s  b e h a v i o r  was  b e l o w  b a s e l i n e .  T h i s  

t e n d e n c y  i s  a b s e n t  f o r  t h e  o t h e r  two b i r d s .  I t  m i g h t  b e  

a r g u e d  t h a t  a p o r t i o n  o f  t h e s e  b i r d s '  p e r f o r m a n c e  d e c r e m e n t  

was  n o n - s p e c i f i c ,  a n d  s h o u l d  p e r h a p s  b e  a t t r i b u t e d  t o  

e x p o s u r e  t o  n o v e l t y  r a t h e r  t h a n  t o  g e n e r a l i z a t i o n  d e c r e m e n t  

a l o n g  t h e  w a v e l e n g t h  d i m e n s i o n .

T a b l e  5 . 3  s u m m a r i z e s  t h e  b i r d s '  e a r l y  b e h a v i o r  on  t h e  

new c o l o r  s t i m u l i .  Once  a g a i n ,  b i r d s  37 a nd  40 e x h i b i t  

s u p e r i o r  p e r f o r m a n c e  a s  c o m p a r e d  w i t h  b i r d s  23 a nd  2 3 0 .  

E x c e p t  f o r  t h e  f i r s t  new a d d i t i o n  f o r  b i r d  3 7 ,  t h e  f o r m e r  

b i r d s  r e s p o n d e d  c o r r e c t l y  o n  e v e r y  f i r s t  e x p o s u r e  t o  a new 

c o l o r ;  23 a n d  230 d i d  s o  on  o n l y  h a l f  o f  t h e  o c c a s i o n s  when 

t h o s e  d a t a  w e r e  a v a i l a b l e .  On t h e  f i r s t  f i v e  e x p o s u r e s  t o  a 

new c o l o r ,  b i r d s  37 and  40 a v e r a g e d  92  a n d  34 p e r c e n t  

c o r r e c t ,  r e s p e c t i v e l y ,  w h i l e  b i r d s  23 a n d  230 a v e r a g e d  60 

a nd  65 p e r c e n t  c o r r e c t ,  r e s p e c t i v e l y .  A l l  o f  t h e s e  mean  

l e v e l s  a r e  a b o v e  c h a n c e ,  a n d  o n l y  when  B w as  a d d e d  f o r  23 

and  230 w a s  a n y  o n e  o f  t h e s e  b e l o w  t h e  c h a n c e  l e v e l .

No c o n s i s t e n t  l e a r n i n g - t o - l e a r n  t r e n d  i s  e v i d e n t  f o r  

a n y  o f  t h e  b i r d s  a s  s hown i n  T a b l e  5 . 3 .  T h i s  i s  t r u e  w i t h  

r e s p e c t  t o  p e r c e n t  c o r r e c t  o n  new s t i m u l u s  t r i a l s  1 - 5 ,  

p e r c e n t  c o r r e c t  o n  new c o l o r  f o r  t h e  f i r s t  s e s s i o n ,  a nd  w i t h  

r e s p e c t  t o  n u mb e r  o f  s e s s i o n s  t o  v a r i o u s  c r i t e r i a  o f
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Table 5.3 
Accuracy Levels on New Colors

% Correct sessions
New Trials First to Criterion

Bird Color Trial 1 1-5 day 70% 80% 90%

23 G a a a a a a
0 Correct 80 68 2 2 2

Y Correct 60 68 2 6 8

V Incorrect 60 60 2 2 2

B Incorrect 40 50 2 2 12

230 G a a a a a a
0 Correct 100 97 1 1 1

. Y Correct 100 83 1 1 5
V Incorrect 60 78 1 2 2

B Incorrect 0 20 3 4 5

37 R Incorrect 80 89 1 1 5
0 Correct 80 62 12 13 13
B Correct 100 92 1 1 1

V Correct 100 100 1 1 1

Y Correct 100 86 1 1 4

40 R Correct 80 93 1 1 1

0 Correct 60 75 1 12 13
B Correct 100 100 1 1 1

V Correct 100 100 1 1 1

Y Correct 80 86 1 1 2

* Information not available.
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a c c u r a c y .

T r a n s f e r  T e s t s

F i g u r e s  5 . 7  t h r o u g h  5 . 1 0  s ho w t h e  r e s u l t s  o f  t h e  f i r s t  

t r a n s f e r  t e s t ,  i n  w h i c h  new a nd  o l d  c o l o r s  and  p a t t e r n s  w e r e  

c o m b i n e d  ( s e e  T a b l e  5 . 1 ) .  E a ch  s e s s i o n  r e p r e s e n t s  o n e  

e x p o s u r e  t o  e a c h  t h e  140 s t i m u l i .  The  f i g u r e s  s how t h e

p e r c e n t a g e  o f  r i g h t  k e y  r e s p o n s e s  f o r  e a c h  o f  t h e  f o l l o w i n g

c l a s s e s  o f  s t i m u l i :  ( a )  a c h r o m a t i c  s t i m u l i  w i t h  new

p a t t e r n s ,  (b)  a c h r o m a t i c  s t i m u l i  w i t h  o l d  p a t t e r n s ,  ( c )  new

c o l o r s ,  a nd  (d)  o l d  c o l o r s .  P a t t e r n  h a d  no  c o n s i s t e n t

e f f e c t ,  s o  a l l  new c o l o r s  w e r e  p o o l e d ,  a s  w e r e  a l l  o l d  

c o l o r s .  F o l l o w i n g  t h e  s e c o n d  d a y  o f  t h i s  t r a n s f e r  t e s t  w i t h  

b i r d s  23 a n d  2 3 0 ,  t h e  n e w l y - p r o c e s s e d  a c h r o m a t i c  s t i m u l i  

w e r e  c o m p a r e d  w i t h  t h e  o l d  o n e s ,  s i n c e  b i r d  230 b e h a v e d  

i n c r e a s i n g l y  a s  t h o u g h  t h e y  w e r e  c o l o r e d .  I t  w as  f o u n d  

t h a t ,  i n  c o m p a r i s o n  w i t h  t h e  o l d e r  s l i d e s ,  t h e  new o n e s  h ad  

a s l i g h t  g r e e n i s h  t i n g e .  The  s l i d e s  w e r e  t h e r e f o r e  

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

B i r d s  37 and  40 w e r e  e x p o s e d  o n l y  t o  t h e  r e p r o c e s s e d  

s t i m u l i .

E x c l u d i n g  2 3 0 ' s  r e s p o n s e s  t o  t h e  new " a c h r o m a t i c "

N o t e  t h a t  s e s s i o n s  i n c l u d e  f e w e r  e x p o s u r e s  t o  t h e  new 
s t i m u l i  a s  m o r e  c o l o r s  a r e  a d d e d .  When t h e  d a t a  a r e  
c o n s i d e r e d  i n  t e r m s  o f  t h e  n u m b e r  o f  n o v e l  s t i m u l u s  t r i a l s  
( r a t h e r  t h a n  s e s s i o n s )  t o  c r i t e r i o n ,  c o n s i s t e n t  
l e a r n i n g - t o - l e a r n  t r e n d s  a r e  s t i l l  a b s e n t .  T h e s e  d a t a  a r e  
p r e s e n t e d  i n  A p p e n d i x  A.
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Figure 5.7. Percentage of right key pecks 
during the first several sessions of Transfer Test 
1 for bird 23. Filled symbols are for colored 
stimuli: circles, old slides; triangles, new
slides. Open symbols are for achromatic stimuli: 
circles, old slides; triangles, new slides. Sessions 
i and ii occurred before reprocessing of new stimuli. 
Bars at left show the previous seven-day range for 
colored (above) and achromatic (below) stimuli; the 
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Figure 5.8. Percentage of right key pecks 
during the first several sessions of Transfer 
Test 1 for bird 230. See legend of Figure 6.7 
for details.
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Figure 5.9. Percentage of right key pecks 
during the first several sessions of Transfer 
Test 1 for bird 37. See legend of Figure 6.7 
for details.
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Figure 5.10. Percentage of right key pecks 
during the first several sessions of Transfer 
Test 1 for bird 40. See legend of Figure 6.7 
for details.
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s t i m u l i  o n  t h e  f i r s t  two t e s t  d a y s ,  r e s p o n s e s  t o  a l l  t y p e s  

o f  s t i m u l i  w a r e  a b o v e  90% c o r r e c t  f o r  t h r e e  o f  t h e  f o u r  

b i r d s ;  o n l y  b i r d  23 p e r f o r m e d  b e l o w  t h i s  l e v e l  w i t h  b o t h  

t y p e s  o f  n o v e l  s t i m u l i .  On s u b s e q u e n t  s e s s i o n s ,  p e r f o r m a n c e  

l e v e l s  f l u c t u a t e ,  b u t  i n  m o s t  c a s e s  a c c u r a c y  l e v e l s  w i t h  new 

and  o l d  s t i m u l i  c o v a r y .  I n  g e n e r a l ,  t h e s e  r e s u l t s  p r o v i d e  

g o o d  e v i d e n c e  f o r  t h e  a c q u i s i t i o n  o f  t h e  c h r o m a t i c i t y  

c o n c e p t .  E v i d e n c e  f o r  a s h a r p  d i f f e r e n c e  b e t w e e n  b i r d s  

2 3 / 2 3 0  a n d  b i r d s  3 7 / 4 0 ,  a s  s e e n  d u r i n g  t r a i n i n g ,  i s  a b s e n t  

h e r e .

F i g u r e s  5 . 1 1  t h r o u g h  5 . 1 4  p r e s e n t  t h e  r e s u l t s  o f  t h e  

s e c o n d  t r a n s f e r  t e s t ,  w h i c h  c o n s i s t e d  o f  c o m p l e x  s t i m u l i ,  

e a c h  r e p r e s e n t e d  i n  b o t h  c h r o m a t i c  and  a c h r o m a t i c  f o r m .  . T h e  

b i r d s '  p e r f o r m a n c e  h e r e  i s  a g a i n  s o m e w h a t  v a r i a b l e  f r o m  d a y  

t o  d a y .  H o w e v e r ,  a c c u r a c y  i s  c o n s i s t e n t l y  w e l l  a b o v e  

c h a n c e ,  and  p e r f o r m a n c e  on  t h e  f i r s t  d a y  i s  a b o v e  90% 

c o r r e c t  f o r  b i r d s  23 a n d  3 7 .  B i r d s  230 a nd  40 e x h i b i t  a 

s i m i l a r  h i g h  l e v e l  o f  a c c u r a c y  o n  t h e  c h r o m a t i c  s t i m u l i ,  b u t  

a l o w e r  l e v e l  on  t h e  a c h r o m a t i c  s t i m u l i .  A g a i n ,  a s  w i t h  t h e  

f i r s t  t r a n s f e r  t e s t ,  a c h r o m a t i c i t y  c o n c e p t  i s  i n d i c a t e d ,  

w i t h  no e v i d e n c e  f o r  t h e  d i f f e r e n c e s  i n  c o n c e p t  g e n e r a l i t y  

among b i r d s  w h i c h  wa s  e v i d e n t  d u r i n g  t r a i n i n g .

D i s c u s s i o n

The  f o l l o w i n g  p o i n t s  s u m m a r i z e  t h e  m a j o r  r e s u l t s  o f  

t h i s  e x p e r i m e n t :  ( a )  A c r o s s  t r a i n i n g ,  no  c o n s i s t e n t
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Figure 5.11. Percentage of right key pecks 
during the first seven sessions of Transfer Test 
2 for bird 23. Filled triangles are for colored 
stimuli; open triangles for achromatic stimuli. 
The previous seven-day range and median are 
shown at left for colored (above) and achromatic 
(below) stimuli.
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Figure 5 .12. Percentage of right key pecks 
during the first seven sessions of Transfer Test 
2 for bird 230. See legend of Figure 6.11 for 
details.
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during the first seven sessions of Transfer Test 
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i m p r o v e m e n t  o n  f i r s t - d a y  n e w - c o l o r  p e r f o r m a n c e  was  e v i d e n t .  

T h a t  i s ,  no  l e a r n i n g  s e t  was  a c q u i r e d .  (b)  F i r s t  d a y

a c c u r a c y  on  new c o l o r s  was  a b o v e  c h a n c e  i n  17 o u t  o f  20

c a s e s ,  b u t  b e l o w  o l d  c o l o r  a c c u r a c y  i n  1 6 / 2 0  c a s e s .  The  

t h r e e  new c o l o r  t r a n s f e r  f a i l u r e s  o c c u r r e d  w i t h  o r a n g e  

f o l l o w i n g  g r e e n  a nd  r e d  t r a i n i n g  f o r  b i r d  37 a nd  w i t h  b l u e  

f o l l o w i n g  t r a i n i n g  o n  r e d ,  g r e e n ,  o r a n g e ,  y e l l o w  a n d  v i o l e t  

f o r  b i r d s  23 a n d  2 3 0 .  ( c )  W i t h  t h e  f i r s t  new c o l o r

a d d i t i o n ,  b i r d s  37 a nd  40 p e r f o r m e d  a b o v e  80% c o r r e c t .  On 

6 / 1 0  o f  a l l  new c o l o r  a d d i t i o n s  f o r  t h e s e  b i r d s  , f i r s t - d a y  

a c c u r a c y  was  a b o v e  90%.  The  o t h e r  two b i r d s  d i d  t h i s  w e l l  

i n  o n l y  1 / 1 0  c a s e s .  (d)  A c c u r a c y  o n  t h e  f i r s t  f i v e  new 

c o l o r  t r i a l s  f o l l o w i n g  t r a i n i n g  on  t h r e e  h u e s  wa s  1 0 0 % . f o r  

a l l  b i r d s  b u t  2 3 ,  w i t h  60% c o r r e c t .  ( e )  On t h e  f i r s t

t r a n s f e r  t e s t ,  f i r s t - d a y  p e r f o r m a n c e  f o r  b i r d s  37 a nd  40 was  

a b o v e  90% c o r r e c t  f o r  e a c h  t y p e  o f  s t i m u l u s .  S l i g h t

d i s r u p t i o n  on  new c o l o r s  f o r  b i r d  23 a n d  on  w h i t e  f o r  230

was  e v i d e n t ,  b u t  no  a c c u r a c y  l e v e l  was  b e l o w  75%. ( f )  On

t h e  s e c o n d  t r a n s f e r  t e s t ,  f i r s t - d a y  a c c u r a c y  f o r  b i r d s  23

and  37 was  a b o v e  90% on  e a c h  s t i m u l u s  t y p e .  B i r d s  230 and

40 s h o we d  s l i g h t  d i s r u p t i o n  o n  w h i t e ,  w i t h  34% and  74%

c o r r e c t ,  r e s p e c t i v e l y .

I f  c o n c e p t u a l  b e h a v i o r  i s  d e f i n e d  i n  t e r m s  o f

g e n e r a l i z a t i o n  w i t h i n  a s t i m u l u s  c l a s s  and  d i s c r i m i n a t i o n  

b e t w e e n  s t i m u l u s  c l a s s e s  w i t h  n o v e l  s t i m u l i  ( K e l l e r  & 

S c h o e n f e l d ,  1 9 5 0 ) ,  a l l  f o u r  b i r d s  i n  t h i s  s t u d y  c l e a r l y
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e x h i b i t e d  t h e  c o n c e p t  o f  c h r o m a t i c i t y .  P r e m a c k  ( 1 9 7 8 )  w o u l d  

a s k ,  h o w e v e r ,  w h e t h e r  t h e  b i r d s  h a d  a c q u i r e d  a " t r u e "  

( c a t e g o r i c a l )  c o n c e p t  o r  h ad  " m e r e l y ” g e n e r a l i z e d  a b o u t  t h e  

t r a i n i n g  s t i m u l i .  The  r e l a t i v e l y  p o o r e r  p e r f o r m a n c e  o n  new 

c o l o r s  a s  c o m p a r e d  w i t h  o l d  c o l o r s  d o e s ,  i n d e e d ,  s u g g e s t  

some g e n e r a l i z a t i o n  d e c r e m e n t .  H o w e v e r ,  t h e  d e c r e m e n t  was  

t y p i c a l l y  s m a l l .  F u r t h e r m o r e ,  c a s e s  o f  t r a n s f e r  f a i l u r e  

w o u l d  a r g u e  a g a i n s t  t h e  " m e r e "  g e n e r a l i z a t i o n  h y p o t h e s i s .  

F o r  e x a m p l e ,  t h e  b e h a v i o r  o f  b i r d  37 was  d i s r u p t e d  t h e  m o s t  

when o r a n g e  w a s  a d d e d ,  e v e n  t h o u g h  t h i s  f o l l o w e d  t r a i n i n g  on  

r e d .  I n  c o n t r a s t ,  h i s  p e r f o r m a n c e  on  r e d  f o l l o w i n g  t r a i n i n g  

on  g r e e n  w as  e x c e l l e n t .  C l e a r l y ,  t h e s e  l e v e l s  o f  a c c u r a c y  

s h o u l d  h a v e  b e e n  r e v e r s e d  i f  g e n e r a l i z a t i o n  h a d  b e e n  a t  

w o r k .

P r e m a c k ' s  a n a l y s i s  o f  " t r u e "  c o n c e p t u a l  b e h a v i o r  h a s  

b e e n  j u s t i f i a b l y  c r i t i c i z e d  b y  J o h n s o n  ( N o t e  3 ) .  P r e m a c k ' s  

i n s i s t e n c e  u p o n  a n  a l l - o r - n o n e  c a t e g o r i z a t i o n  o f  s t i m u l i ,  i n  

p a r t i c u l a r ,  i s  n o t  c o n s i s t e n t  w i t h  t h e  n a t u r e  o f  m o s t  

c o n c e p t s .  B o t h  R o s c h  ( 1 9 7 3 )  a nd  P o s n e r  a nd  K e e l e  ( 1 9 6 3 )

h a v e  p o i n t e d  o u t  t h a t  m o s t  i f  n o t  a l l  c o n c e p t s  h a v e  " f u z z y "

b o u n d a r i e s ,  a n d  t h a t  w h i l e  a " p r o t o t y p i c a l "  e x a m p l e  o f  a

c l a s s  may e x i s t  ( e . g .  t h e  s p a r r o w  f o r  t h e  c l a s s  o f  b i r d s ) ,  

b o r d e r l i n e  c a s e s  ( e . g .  p e n g u i n s )  a nd  v a r i o u s  g r a d a t i o n s  i n  

b e t w e e n  e x i s t  a s  w e l l .  Even  f o r  t h e  c o n c e p t  f o c u s s e d  u p o n  

by  P r e m a c k ,  " s a m e , "  o n e  m i g h t  e x p e c t  g r a d e d  b e h a v i o r  i n  

c a s e s  w h e r e  two s t i m u l i  a r e  s i m i l a r ,  t h o u g h  n o t  i d e n t i c a l .
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T h i s  c h a r a c t e r i z a t i o n  o f  c o n c e p t s  b e c o m e s  i n d i s t i n g u i s h a b l e  

f r o m  t h e  g e n e r a l i z a t i o n / d i s c r i m i n a t i o n  m o d e l .  I n  b o t h  c a s e s  

soma s t i m u l i  a r e  m o r e  l i k e l y  t o  b e  i n c l u d e d  w i t h i n  a c l a s s  

t h a n  a r e  o t h e r s ,  a n d  w h e t h e r  t h i s  i s  c a l l e d  a g e n e r a l i z a t i o n  

g r a d i e n t  o r  f u z z y  b o u n d a r i e s  s e e m s  u n i m p o r t a n t .

P e r h a p s  o n e  c o u l d  d i s t i n g u i s h  b e t w e e n  c o n c e p t u a l  

b e h a v i o r  a nd  g e n e r a l i z a t i o n  i n  a way s u g g e s t e d  b y  t h e  w o r k  

o f  P o s n e r  a n d  K e e l e  ( 1 9 6 8 ) .  I n  t h e i r  r e s e a r c h ,  human 

s u b j e c t s  w e r e  m o r e  l i k e l y  t o  i n c l u d e  w i t h i n  a c l a s s  a

" p r o t o t y p i c a l , "  b u t  n o v e l ,  s t i m u l u s  t h a n  " b o u n d a r y , "  b u t  

f a m i l i a r ,  s t i m u l i ,  w h e r e  t h e  " b o u n d a r y "  s t i m u l i  w e r e  

c o n s t r u c t e d  by  m a k i n g  g e o m e t r i c  t r a n s f o r m a t i o n s  o f  t h e  

" p r o t o t y p e . "  One m i g h t  d i s t i n g u i s h ,  t h e n ,  b e t w e e n

g e n e r a l i z i n g  a r o u n d  a p r o t o t y p e  and  g e n e r a l i z i n g  a r o u n d  

t r a i n i n g  s t i m u l i ,  a n d  o n l y  c o u n t  t h e  f o r m e r  a s  a n  i n s t a n c e  

o f  " t r u e "  c o n c e p t u a l  b e h a v i o r .  To d i s t i n g u i s h  b e t w e e n  t h e s e  

m o d e l s  i n  t h e  p r e s e n t  i n s t a n c e  o n e  w o u l d  n e e d  t o  i d e n t i f y  

some s t i m u l u s  ( a  " p r o t o t y p e " )  w h i c h  w as  m o r e  l i k e l y  t o  be  

i n c l u d e d  w i t h i n  t h e  s e t  t h a n  a n y  t r a i n i n g  s t i m u l u s .  

F u r t h e r m o r e ,  o n e  w o u l d  n e e d  t o  i d e n t i f y  s oma  d i m e n s i o n  

( s a t u r a t i o n ? )  a l o n g  w h i c h  s t i m u l i  c o u l d  b e  o r d e r e d ,  w i t h

d e c r e a s i n g  l i k e l i h o o d  o f  c l a s s  i n c l u s i o n  a s  o n e  d e v i a t e d  

f r om t h e  p r o t o t y p e  a s  d i s t i n c t  f r o m  a t r a i n i n g  s t i m u l u s .  

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

t h i s  i s s u e .  H o w e v e r ,  t h e  c a s e s  o f  t r a n s f e r  f a i l u r e

d i s c u s s e d  a b o v e  c l e a r l y  do  n o t  show g e n e r a l i z a t i o n  a b o u t
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t r a i n i n g  s t i m u l i  a l o n g  t h e  w a v e l e n g t h  d i m e n s i o n .

I n  a m a t c h i n g - t o - s a m p l e  p r o c e d u r e ,  P r e m a c k  ( 1 9 7 8 )  f o u n d  

t h a t  h i s  c h i m p s  w e r e  a b l e  t o  e x h i b i t  c o n c e p t u a l  b e h a v i o r  

( " s a m e / d i f f e r e n t " )  a f t e r  t r a i n i n g  on  o n l y  t h r e e  e x e m p l a r s .  

S p e c i f i c a l l y ,  a l l  f o u r  s u b j e c t s  r e s p o n d e d  c o r r e c t l y  o n  t h e  

f i r s t  t r i a l  o f  a t r a n s f e r  t e s t  e m p l o y i n g  n o v e l  s t i m u l i  a nd  

a t  t h e  90% l e v e l  on  t h e  f i r s t  f i v e  t r i a l s . ^  A c c u r a c y  

l e v e l s  o f  t h e  p i g e o n s  i n  t h i s  s t u d y  c o m p a r e  f a v o r a b l y  w i t h  

P r e m a c k ' s  c h i m p s :  F o l l o w i n g  t r a i n i n g  on  t h r e e  c o l o r s ,  a l l

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

new c o l o r ,  a n d  3 / 4  w e r e  100% c o r r e c t  o n  t h e  f i r s t  f i v e  

t r i a l s .  ( B u t  s e e  d i s c u s s i o n  o f  t h e  p r i o r  h i s t o r i e s  o f  b i r d s  

37 a n d  40 b e l o w . )  C e r t a i n l y  t h i s  d o e s  n o t  m e s h  w i t h

P r e m a c k ' s  c u t - o f f  b e t w e e n  p r i m a t e s  and  n o n - p r i m a t e s  i n  t h e i r  

a b i l i t y  t o  a b s t r a c t  a c o n c e p t  f o l l o w i n g  e x p o s u r e  t o  a s m a l l  

n u m b e r  o f  e x e m p l a r s .  An e v e n  m o r e  i m p r e s s i v e  c a s e  o f  r a p i d  

c o n c e p t  f o r m a t i o n  i n  b i r d s  w a s  r e p o r t e d  b y  C e r e l l a  ( 1 9 7 9 ) .  

I n  o n e  s t u d y ,  p i g e o n s  w e r e  r e i n f o r c e d  f o r  p e c k i n g  a s i n g l e  

s i l h o u e t t e  o f  a w h i t e  o a k  l e a f ,  w i t h  no e x p l i c i t  S -  p r o v i d e d

T h i s  m u s t  be  a n  a v e r a g e  a c r o s s  s u b j e c t s ,  s i n c e  90% 
c o r r e c t  i s  n o t  p o s s i b l e  o u t  o f  f i v e  t r i a l s .  N o t e  t h a t  90% 
i s  n o t  100%,  s o  e v e n  t h e s e  p r i m a t e s  do  n o t  m e e t  P r e m a c k ' s  
own r i g i d  a l l - o r - n o n e  c r i t e r i o n  o f  " t r u e ” c o n c e p t u a l  
b e h a v  i o r !
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o t h e r  t h a n  a d a r k  s c r e e n . - * -  Y e t  t h e  b i r d s  g e n e r a l i z e d  t o

new c a s e s  o f  o a k  l e a v e s  ( v a r y i n g  c o n s i d e r a b l y  i n  n u m b e r  o f

lobes, etc.) but not to non-oak leaves: Mean response rates

t o  t h e  t r a i n i n g  s t i m u l u s ,  new o a k  l e a v e s  and  n o n - o a k s  w e r e

5 1 ,  48 and  8 r e s p o n s e s  p e r  m i n ,  r e s p e c t i v e l y .  A l t h o u g h

Premack might argue that oak leaves are an innate category

f o r  p i g e o n s ,  h e  w o u l d  c e r t a i n l y  n o t  d o  s o  i n  t h e  c a s e  o f  t h e

p r e s e n t  c h r o m a t i c i t y  c a t e g o r y .

As J o h n s o n  ( N o t e  3) h a s  p o i n t e d  o u t ,  i t  may n o t  b e

f r u i t f u l  t o  c h a r a c t e r i z e  c o n c e p t u a l  b e h a v i o r  a s

s p e c i e s - s p e c i f i c  ( a s  P r e m a c k ,  1 9 7 8 ,  h a s  d o n e )  o r  i n n a t e  ( a s
2

H e r r n s t e i n ,  1 9 7 6 ,  1 9 7 9 ,  h a s  d o n e ) ,  a s  s u c h  n o t i o n s  c a n

o n l y  g a i n  s u p p o r t  t h r o u g h  n e g a t i v e  f i n d i n g s ,  a n d  may 

d i s c o u r a g e  f u r t h e r  a n a l y s i s .  C e r t a i n l y  m e r e l y  t o  

d e m o n s t r a t e  o r  f a i l  t o  d e m o n s t r a t e  t h a t  a p a r t i c u l a r  c o n c e p t  

c a n  be  a c q u i r e d  by  m e m b e r s  o f  a p a r t i c u l a r  s p e c i e s  o b s c u r e s

An S -  i s  a s t i m u l u s  c o r r e l a t e d  w i t h  n o n - r e i n f o r c e m e n t  
o f  a r e s p o n s e .  F o r  e x a m p l e  i n  a n o t h e r  e x p e r i m e n t  d e s c r i b e d  
i n  t h e  s a m e  p a p e r ,  C e r e l l a  ( 1 9 7 9 )  p r e s e n t e d  n o n - o a k  l e a v e s  
a s  S - ' s  d u r i n g  t r a i n i n g :  i n  t h e i r  p r e s e n c e ,  p e c k s  w e r e  n o t
f o l l o w e d  b y  f o o d .

^ H e r r n s t e i n  ( 1 9 8 0 )  h a s  r e c e n t l y  m o d i f i e d  h i s  v i e w  t o  
s u g g e s t  t h a t  t h e  c o n c e p t s  w h i c h  h i s  p i g e o n s  h a v e  a c q u i r e d  
a r e  p r o b a b l y  n o t  i n n a t e .  R a t h e r ,  h e  s u g g e s t s  t h a t  a 
c r e a t u r e ' s  p e r c e p t u a l  s y s t e m  h a s  e v o l v e d  t o  g e n e r a l i z e  a l o n g  
t h e  same  ( n o t  e a s i l y  s p e c i f i e d ,  m u l t i - f a c e t e d )  d i m e n s i o n s  
a l o n g  w h i c h  n a t u r a l l y - o c c u r r i n g  c a t e g o r i e s  o f  o b j e c t s  ( i . e . ,  
s p e c i e s  o f  p l a n t s  and  a n i m a l s )  v a r y .  T h i s  v i e w  p u t s  
c o n c e p t u a l  b e h a v i o r  i n  t h e  s a m e  c l a s s  a s  g e n e r a l i z a t i o n ,  
w h i c h ,  a s  H e r r n s t e i n  a d m i t s ,  i s  i t s e l f  n o t  w e l l  u n d e r s t o o d .
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t h e  i m p o r t a n c e  o f  a n a l y z i n g  t h e  c o n t r o l l i n g  s t i m u l u s  

d i m e n s i o n  and  o f  t h e  p a r t i c u l a r s  o f  t h e  t r a i n i n g  p r o c e d u r e .  

F o r  e x a m p l e ,  Lea  a nd  Ryan  ( N o t e  4)  w e r e  a b l e  t o  s p e c i f y  

c e r t a i n  s t i m u l u s  d i m e n s i o n s  w h i c h  w e r e  i m p o r t a n t  i n  p i g e o n s '  

c o n c e p t  o f  " A . "  S i m i l a r l y ,  J o h n s o n  ( N o t e  3) p r o p o s e d  t h a t  

t h e  m a n n e r  i n  w h i c h  t r a i n i n g  s t i m u l i  a r e  i n t r o d u c e d  m i g h t  

a f f e c t  c o n c e p t  a c q u i s i t i o n .  S p e c i f i c a l l y ,  s h e  s u g g e s t e d  

t h a t  c o n s t a n t  v a r i a t i o n  o f  t h e  s t i m u l i  p r e s e n t e d  d u r i n g  

t r a i n i n g  ( " b o m b a r d m e n t ' '  p r o c e d u r e )  w o u l d  r e s u l t  i n  f a s t e r  

c o n c e p t  a c q u i s i t i o n  t h a n  s u c c e s s i v e  p r e s e n t a t i o n  o f  f i x e d  

s e t s  o f  t r a i n i n g  s t i m u l i  ( " l e a r n i n g  s e t "  p r o c e d u r e ) .  

A l t h o u g h  J o h n s o n  was  u n a b l e  t o  d e m o n s t r a t e  s u c h  a n  e f f e c t  i n  

a c q u i s i t i o n  o f  t h e  c h r o m a t i c i t y  c o n c e p t ,  H e r r n s t e i n  and  d e  

V i l l i e r s  ( 1 9 8 0 )  h a v e  r e c e n t l y  s hown  t h a t  l e s s  g e n e r a l i z a t i o n  

o c c u r s  f o r  t h e  c o n c e p t  " f i s h "  f o l l o w i n g  t r a i n i n g  w i t h  a 

f i x e d  s e t  o f  t r a i n i n g  s t i m u l i  t h a n  f o l l o w i n g  a p r o c e d u r e  i n  

w h i c h  t r a i n i n g  s t i m u l i  w e r e  c h a n g e d  d a i l y .  ^

Another approach to the question of the innateness of 

categories might, perhaps, be more meaningful than that of 

merely demonstrating/failing to demonstrate that a concept 

can be acquired. If one can show that categorization is

C l e a r l y ,  t h i s  e x p e r i m e n t  i s  n o t  t h e  i d e a l  t e s t  o f  
J o h n s o n ' s  " l e a r n i n g  s e t "  v e r s u s  " b o m b a r d m e n t "  h y p o t h e s i s  
s i n c e  H e r r n s t e i n  a nd  d e  V i l l i e r s '  a n a l o g u e  o f  t h e
" b o m b a r d m e n t "  b i r d s  h ad  t h r e e  t i m e s  a s  many t o t a l  t r a i n i n g  
s t i m u l i  a s  t h e i r  " l e a r n i n g  s e t "  b i r d s .  H o w e v e r ,  t h e  r e s u l t s  
a r e  n o t  i n c o n s i s t e n t  w i t h  J o h n s o n ' s  h y p o t h e s i s ,  a n d  s u g g e s t  
t h a t  f u r t h e r  work,  a l o n g  t h e s e  l i n e s  w o u l d  b e  f r u i t f u l .
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i n v a r i a n t  a c r o s s  a v a r i e t y  o f  t r a i n i n g  p r o c e d u r e s ,  t h e n  o n e  

i s  p e r h a p s  j u s t i f i e d  i n  p o i n t i n g  t o  e v o l u t i o n a r y  ( a s  o p p o s e d  

t o  l e a r n i n g )  p r i n c i p l e s  a s  b e i n g  r e s p o n s i b l e  f o r  t h e  way i n  

w h i c h  t h e  w o r l d  i s  p a r t i t i o n e d .  Two e x a m p l e s  o f  t h i s  

a p p r o a c h  come t o  m i n d .  W r i g h t  a nd  Cumming ( 1 9 7 1 )  t r a i n e d  

p i g e o n s  i n  a t h r e e - k e y  m a t c h i n g - t o - s a m p l e  p a r a d i g m  w i t h  two 

o f  t h r e e  t r a i n i n g  c o l o r s  a l w a y s  a p p e a r i n g  a s  t h e  c o m p a r i s o n  

s t i m u l i .  When t h e  w a v e l e n g t h  o f  t h e  s a m p l e  was  v a r i e d  

d u r i n g  u n r e i n f o r c e d  p r o b e  t r i a l s ,  t h e  w a v e l e n g t h  a t  w h i c h  

50% o f  t h e  r e s p o n s e s  w e r e  made  t o  e a c h  c o m p a r i s o n  s t i m u l u s  

r e m a i n e d  i n v a r i a n t  a c r o s s  t h r e e  e x p e r i m e n t s  i n  w h i c h  t h e  

p a r t i c u l a r  t r i o  o f  c o m p a r i s o n  c o l o r s  was  v a r i e d .  T h a t  i s ,  

t h e  b o u n d a r y  b e t w e e n  c o l o r  c a t e g o r i e s  r e m a i n e d  t h e  same  

r e g a r d l e s s  o f  w h i c h  p a r t i c u l a r  e x a m p l e  o f  two n e i g h b o r i n g  

c a t e g o r i e s  was  c h o s e n ;  two s u c h  p i g e o n  h u e  b o u n d a r i e s  ( a t  

540 nm and  59 5  nm) w e r e  i d e n t i f i e d  and  i n t e r p r e t e d  a s  

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

i s  R o s c h ' s  ( 1 9 7 3 )  r e s e a r c h  o n  human h u e  c a t e g o r i z a t i o n .  

R o s c h ' s  s u b j e c t s  s p o k e  a  l a n g u a g e  ( D a n i )  w h i c h  p o s s e s s e s  

o n l y  two c o l o r  w o r d s  ( o n e  m e a n i n g  " d a r k , "  t h e  o t h e r  

" l i g h t " ) ,  s o  t h a t  h u e  c a t e g o r i z a t i o n  c o u l d  n o t  b e  a t t r i b u t e d  

t o  l e a r n i n g  i n  t h e  f o r m  o f  l a n g u a g e  t r a i n i n g .  The  s u b j e c t s  

w e r e  r e q u i r e d  t o  a s s o c i a t e  o n e  o f  e i g h t  c l a n  n a m es  w i t h  e a c h  

o f  t h r e e  c o l o r s  ( 2 4  c o l o r  s t i m u l i  a l t o g e t h e r ) .  I t  was  f o u n d  

t h a t  a c q u i s i t i o n  w a s  f a s t e r  when t h e  c o l o r s  t o  b e  a s s o c i a t e d  

w i t h  e a c h  t e r m  f e l l  w i t h i n  t h e  c e n t e r  o f  a h ue  c a t e g o r y  ( a s
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d e t e r m i n e d  by  o t h e r  c r o s s - c u l t u r a l  human c o l o r - n a m i n g  d a t a )  

t h a n  when t h e y  f e l l  n e a r  t h e  e d g e  o f  a c a t e g o r y  o r ,  w o r s t  o f  

a l l ,  s t r a d d l e d  two c a t e g o r i e s .  R o s c h  s u g g e s t e d ,  t h e n ,  t h a t  

c o l o r  c a t e g o r i e s ,  l i k e  o t h e r  " p e r c e p t u a l "  c a t e g o r i e s ^  s u c h  

a s  f o r m ,  a r e  i n n a t e l y  d e t e r m i n e d  b y  t h e  human v i s u a l  s y s t e m ,  

and  t h u s  i n v a r i a n t  a c r o s s  h u m a n s  s p e a k i n g  v a r y i n g  l a n g u a g e s .

B i r d s  37 a n d  40 s h o w e d  b e t t e r  t r a n s f e r  b e h a v i o r  t h a n  

b i r d s  23 a n d  2 3 0 ,  a t  l e a s t  d u r i n g  t r a i n i n g .  I n d e e d ,  t h e y  

a p p e a r e d  t o  h a v e  a c q u i r e d  t h e  c h r o m a t i c i t y  c o n c e p t  a f t e r  

o n l y  o n e  e x e m p l a r .  I t  s e e m s  l i k e l y ,  h o w e v e r ,  t h a t  t h i s  

s u p e r i o r i t y  s h o u l d  b e  a t t r i b u t e d  t o  t h e i r  p r i o r  

r e i n f o r c e m e n t  h i s t o r y .  S p e c i f i c a l l y ,  37 a nd  40 b o t h  s e r v e d  

i n  a s e r i e s  o f  s t u d i e s  ( J e n k i n s ,  1 9 79 )  w h i c h  i n c l u d e d  a 

" r e s i s t a n c e  t o  r e i n f o r c e m e n t "  p r o c e d u r e  i n  w h i c h  s e v e n  

c h r o m a t i c  s t i m u l i  ( w i t h  d o m i n a n t  w a v e l e n g t h s  r a n g i n g  f r o m  

533 t o  597  nm) w e r e  p a i r e d  w i t h  f o o d .  ( E a c h  s t i m u l u s  was  

p r e s e n t e d  s i x  t i m e s  p e r  s e s s i o n  f o r  f o u r  s e s s i o n s . )  One c a n
J

p e r h a p s  t h i n k  o f  t h i s  p r o c e d u r e  a s  t r a i n i n g  t h e  b i r d s  t o  

t r e a t  a l l  h u e s  a s  e q u i v a l e n t .  ( I t  s h o u l d  b e  n o t e d ,  h o w e v e r ,  

t h a t  b i r d  37 f a i l e d  t o  p e c k  t h e  k e y  a t  a l l  d u r i n g  J e n k i n ' s  

e n t i r e  e x p e r i m e n t ,  s o  t h a t  a n y  " l e a r n i n g "  i n  t h i s  b i r d  w o u l d  

h a v e  t o  h a v e  b e e n  " l a t e n t . " )  I f  t h i s  t r a i n i n g  t r a n s f e r r e d  t o

R o s c h  c l a i m s  t h a t  " n o n p e r c e p t u a l "  c a t e g o r i e s ,  s u c h  a s  
" b i r d "  o r  " c r i m e "  a r e  l e a r n e d  r a t h e r  t h a n  i n n a t e ,  a n d  t h a t  
t h e  " p r o t o t y p e s "  o f  s u c h  c a t e g o r i e s  a r e  a b s t r a c t e d  t h r o u g h  
some s o r t  o f  a v e r a g i n g  p r o c e s s ,  a s  i n  P o s n e r  and  K e e l e ' s  
( 1 9 5 8 )  m o d e l .



t h e  s i t u a t i o n  i n  t h e  p r e s e n t  s t u d y ,  i t  c o u l d  a c c o u n t  f o r  

t h e i r  a p p a r e n t  e x t r e m e l y  r a p i d  a c q u i s i t i o n  o f  t h e

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

n o r  b l u e  w e r e  i n c l u d e d  among t h e  s t i m u l i  i n  t h e  J e n k i n s  

s t u d y ,  b u t  t h a t  a r e d d i s h  y e l l o w  ( d o m i n a n t  w a v e l e n g t h  o f  597 

nm) was  i n c l u d e d .  T h i s  c a n n o t  a c c o u n t  f o r  t h e  p a t t e r n  o f  

t r a n s f e r  s u c c e s s / f a i l u r e  f o r  t h e s e  b i r d s .

One f a c t  c a s t s  d o u b t  u p o n  w h e t h e r  t h e s e  b i r d s  h a d ,  i n  

f a c t ,  a c q u i r e d  t h e  c o n c e p t  o f  c h r o m a t i c i t y :  The  two

c a t e g o r i e s  o f  s t i m u l i  w e r e  p r e p a r e d  w i t h  d i f f e r e n t  t y p e s  o f  

f i l m ,  b l a c k - a n d - w h i t e  a nd  c o l o r .  I t  i s  t h u s  p o s s i b l e  t h a t  

t h e  b i r d s '  b e h a v i o r  w as  u n d e r  t h e  c o n t r o l  o f  some  s t i m u l u s  

d i m e n s i o n  o t h e r  t h a n  c h r o m a t i c i t y  w h i c h  wa s  a l s o  c o r r e l a t e d  

w i t h  t h e  two s t i m u l u s  t y p e s .  T h i s  p o s s i b i l i t y  i s  f u r t h e r  

e x p l o r e d  i n  C h a p t e r s  3 a nd  9 .  A t  t h i s  p o i n t ,  h o w e v e r ,  i t  

was  d e e m e d  m o s t  l i k e l y  t h a t  t h e  b e h a v i o r  o f  a l l  f o u r  b i r d s  

was  u n d e r  t h e  c o n t r o l  o f  c h r o m a t i c i t y .  T h u s ,  t h e  s t a g e  was  

s e t  f o r  a n  a t t e m p t  t o  d e m o n s t r a t e  t h e  ME i n  t h e s e  s u b j e c t s .
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I n  human s u b j e c t s ,  e x p o s u r e  t o  v e r t i c a l  g r i d s  w i t h  a 

r e d  b a c k g r o u n d  i n  a l t e r n a t i o n  w i t h  h o r i z o n t a l  g r i d s  w i t h  a 

g r e e n  b a c k g r o u n d  f o r  5 o r  10 m i n  t y p i c a l l y  p r o d u c e s  t h e  

r e p o r t  o f  t h e  f a i r l y  d e s a t u r a t e d  c o l o r s  c o n t i n g e n t  u p o n  g r i d  

o r i e n t a t i o n  known a s  t h e  ME. I n  t h i s  a t t e m p t  t o  d e m o n s t r a t e  

t h e  ME i n  t h e  p i g e o n ,  t h e  s ame  b a s i c  p r o c e d u r e  w as  e m p l o y e d  

a s  i n  E x p e r i m e n t  I ,  s u c h  t h a t  r i g h t  k e y  p e c k s  w e r e  

i n t e r p r e t e d  a s  r e p o r t s  o f  c o l o r  a nd  l e f t  k e y  p e c k s  a s  

r e p o r t s  o f  no c o l o r .  An a t t e m p t  wa s  made  t o  m a x i m i z e  t h e  

c h a n c e s  o f  d e m o n s t r a t i n g  t h e  ME i f  i t  i n  f a c t  o c c u r s  f o r  t h e  

p i g e o n  ( s e e  C h a p t e r  4 ) .

M e t h o d s

S u b j e c t s

The  same  p i g e o n s  w e r e  e m p l o y e d  a s  s e r v e d  i n  E x p e r i m e n t  

I .  I n  a d d i t i o n ,  t h r e e  h u m a n s  s e r v e d  a s  c o n t r o l  s u b j e c t s .  

S u b j e c t s  KH a nd  DY w e r e  n a i v e  w i t h  r e s p e c t  t o  t h e  ME, w h i l e  

BA had  h e a r d  o f  t h e  e f f e c t ,  b u t  n o t  e x p e r i e n c e d  i t .

A p p a r a t u s  and  B a s i c  P r o c e d u r e

The  s ame  a p p a r a t u s  a nd  g e n e r a l  p r o c e d u r e  a s  was  

e m p l o y e d  i n  E x p e r i m e n t  I  w e r e  u s e d  i n  t h i s  s t u d y .

89
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S t i m u l i

The  f o l l o w i n g  w e r e  a d d e d  t o  t h e  p o o l  

e m p l o y e d  i n  E x p e r i m e n t  I :  ( a )  a d d i t i o n a l

c h r o m a t i c  s t i m u l i ;  (b)  a d d i t i o n a l  c h r o m a t i c  

o n l y  r e l a t i v e l y  s m a l l  p a t c h e s  o f  c o l o r ;  ( c )  

s t i m u l i ,  c o n s i s t i n g  o f  v e r t i c a l l y  o r i e n t e d  s q u a r e - w a v e  

( s p a t i a l  f r e q u e n c y  i s  . 6  c y c l e s  p e r  d e g r e e  o f  

a s s u m i n g  t h e  b i r d s  v i e w e d  t h e  s t i m u l i  f r o m  

cm) on  a r e d  b a c k g r o u n d  ( W r a t t e n  f i l t e r  

w a v e l e n g t h  6 1 7 . 2  nm) a nd  h o r i z o n t a l l y  

g r e e n  b a c k g r o u n d  ( W r a t t e n  f i l t e r  5 3 ,

5 3 3 . 2  n m ) ; (d)  ME t e s t  s t i m u l i ,  c o n s i s t i n g  

s t i m u l i  w i t h  j u x t a p o s e d  a r e a s  o f  h o r i z o n t a l  

l i n e s  o f  t h e  s a m e  s p a t i a l  f r e q u e n c y  a s  

i n d u c t i o n  s t i m u l i ;  ( e )  M E - t e s t  c o n t r o l  

t h e  same  p a t t e r n s  a s  t h e  t e s t  s t i m u l i  

( f )  " p s u e d o - M E "  c o n t r o l  s l i d e s ,  i d e n t i c a l  

c o n t r o l  s l i d e s ,  b u t  c o l o r e d  f a i n t l y  t o  

a p p e a r a n c e  o f  a human  ME.

P r o c e d u r e

F o l l o w i n g  a d d i t i o n a l  

d e s c r i b e d  i n  c a t e g o r i e s  (a)  

w e r e  e m p l o y e d  i n  a n  a t t e m p t  

c a s e s ,  t h e  b i r d s  w e r e  f i r s t  d 

t e s t i n g ,  r e i n f o r c e m e n t  was

o f  s t i m u l i  

d e s a t u r a t e d  

s t i m u l i  w i t h  

ME i n d u c t i o n  

g r  i d s  

v i s u a l  a n g l e ,  

a d i s t a n c e  o f  8 

2 5 ,  d o m i n a n t  

o r i e n t e d  g r i d s  o n  a 

d o m i n a n t  w a v e l e n g t h  

o f  a c h r o m a t i c  

a nd  v e r t i c a l  

t h o s e  o f  t h e  

s l i d e s ,  c o n s i s t i n g  o f  

b u t  o r i e n t e d  a t  4 5 ° ;

t o  t h e  a b o v e  

r e s e m b l e  t h e

t r a i n i n g  w i t h  t h e  s t i m u l i  

a nd  (b)  a b o v e ,  s i x  p r o c e d u r e s  

t o  d e m o n s t r a t e  t h e  ME. I n  a l l  

a r k  a d a p t e d  f o r  30 m i n .  D u r i n g  

n e v e r  a v a i l a b l e  f o r  r e s p o n s e s
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f o l l o w i n g  t e s t  s t i m u l i .

P r o c e d u r e  l_: I n  t h i s  p r o c e d u r e ,  b o t h  a d a p t a t i o n  a nd

t e s t  s t i m u l i  w e r e  p r e s e n t e d  i n  t h e  u s u a l  way  i n  t h e  

e x p e r i m e n t a l  c h a m b e r .  F i r s t ,  s l i d e s  i n c l u d i n g  t h e  

a d a p t a t i o n  s t i m u l i  w e r e  p r e s e n t e d  d a i l y  f o r  t e n  d a y s .  

S p e c i f i c a l l y ,  300 t r i a l s  o f  a s e t  o f  60 s l i d e s  (36  ME 

a d a p t a t i o n  s l i d e s ,  4 d e s a t u r a t e d  c o l o r  s l i d e s ,  a nd  20 

a c h r o m a t i c  s l i d e s )  w e r e  p r e s e n t e d .  T h i s  y i e l d s  a minumum o f  

180 p r e s e n t a t i o n s  o r  1 3 . 5  mi n  t o t a l  e x p o s u r e  t i m e  t o  t h e  ME 

a d a p t a t i o n  s t i m u l i  p e r  d a y .  S c h m i d t  e t  a l .  ( 1 9 7 9 )  

d e m o n s t r a t e d  t h a t  o v e r  t h e  c o u r s e  o f  s e v e r a l  s e r i e s  o f  

a d a p t a t i o n  s t i m u l u s  p r e s e n t a t i o n s ,  p r o g r e s s i v e l y  f e w e r  

t r i a l s  w e r e  n e c e s s a r y  t o  r e a c h  a c r i t e r i o n  o f  ME a c q u i s i t i o n  

i n  h u m a n s .  I t  wa s  r e a s o n e d ,  t h e r e f o r e ,  t h a t  t h e  e f f e c t  

m i g h t  b e  m o r e  l i k e l y  t o  o c c u r  a f t e r  s e v e r a l  a c q u i s i t i o n  

s e s s i o n s .  On t h e  t e s t  d a y ,  t h e  a b o v e  p r o c e d u r e  was  r e p e a t e d  

u n t i l  t h e  a d a p t a t i o n  s t i m u l i  had  b e e n  p r e s e n t e d  f o r  a  t o t a l  

o f  a p p r o x i m a t e l y  10 m i n ,  a t  w h i c h  t i m e  t h r e e  ME t e s t  s t i m u l i  

we r e  a d d e d  t o  t h e  s l i d e  t r a y .  Two t e s t  s e s s i o n s  w a r e  

c a r r i e d  o u t  w i t h  t h i s  p r o c e d u r e .

P r o c e d u r e  2 :  I t  was  f e l t  t h a t  i n  p r o c e d u r e  1 t h e r e  may

n o t  h a v e  b e e n  e n o u g h  p r e s e n t a t i o n s  o f  t h e  ME a d a p t a t i o n  

s t i m u l i  a nd  t h a t  t h e s e  may h a v e  b e e n  t o o  w i d e l y  s e p a r a t e d  

t e m p o r a l l y ,  s i n c e  t h e  s u b j e c t s  p r o c e e d e d  a t  t h e i r  own r a t e .  

T h e r e f o r e ,  i n  p r o c e d u r e  2 ,  ME a d a p t a t i o n  t o o k  p l a c e  o u t s i d e  

o f  t h e  e x p e r i m e n t a l  c h a m b e r  and  was  c o n t r o l l e d  by  t h e
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e x p e r i m e n t e r .  The  b i r d s  w e r e  r e s t r a i n e d  f r o m  t h e  n e c k  down 

b y  b e i n g  p l a c e d  i n  a p l a s t i c  p i t c h e r  w i t h  a h o l e  f o r  t h e  

h e a d .  R e a r  v i s i o n  was  b l o c k e d ,  a nd  f l a t  b l a c k  b a r r i e r s  ( 25  

cm h i g h )  w e r e  p l a c e d  on  e i t h e r  s i d e  o f  t h e  p i g e o n ' s  h e a d  (10  

cm a p a r t ) .  T h e s e  b a r r i e r s  e x t e n d e d  f o r  25 cm b e y o n d  t h e  

b i r d ' s  e y e - l e v e l ,  e n d i n g  a t  t h e  w a l l ,  o n  w h i c h  a w h i t e  p i e c e  

o f  p a p e r  was  a f f i x e d .  The  l a t t e r  s e r v e d  a s  t h e  s c r e e n  on 

w h i c h  t h e  ME a d a p t a t i o n  s l i d e s  w e r e  p r o j e c t e d .  C a r e  was  

t a k e n  t o  e n s u r e  t h a t  t h e  p r o j e c t e d  i m a g e  was  o f  t h e  s ame  

s p a t i a l  f r e q u e n c y  a s  when v i e w e d  b y  t h e  p i g e o n  w i t h i n  t h e  

e x p e r i m e n t a l  c h a m b e r .  D u r i n g  a d a p t a t i o n ,  t h e  two s t i m u l i  

w e r e  a l t e r n a t e d  a t  3 -  t o  5 - s e c  i n t e r v a l s  f o r  30 m i n .  

T e s t i n g  was  c a r r i e d  o u t  i n  t h e  e x p e r i m e n t a l  c h a m b e r  w i t h  t h e  

u s u a l  p r o c e d u r e  a n d  a s e t  o f  72  s l i d e s .  S p e c i f i c a l l y ,  t h e s e  

c o n s i s t e d  o f  35 ME a d a p t a t i o n  s t i m u l i ,  9 d e s a t u r a t e d  c o l o r e d  

s t i m u l i  ( t o  e n s u r e  c o n t i n u e d  " r e p o r t s "  o f  d e s a t u r a t e d  

c o l o r s ) ,  9 t e s t  s t i m u l i ,  9 M E - t e s t  c o n t r o l  s t i m u l i  and  9 

o t h e r  a c h r o m a t i c  s t i m u l i .  T h u s ,  a t o t a l  o f  45 c o l o r e d  and  

27 a c h r o m a t i c  s t i m u l i  was  u s e d ;  t h e s e  72  s l i d e s  w e r e  

p r e s e n t e d  f o r  200 t r i a l s  ( a b o u t  25 t e s t  t r i a l s  p e r  s e s s i o n ) . 

The p r o c e d u r e  was  r e p e a t e d  t h r e e  t i m e s ,  w i t h  a minimum o f  

f i v e  b a s e l i n e  s e s s i o n s  i n t e r v e n i n g .

ME c o n t r o l : I n  t h i s  '  s e s s i o n ,  p r o c e d u r e  2 was

d u p l i c a t e d ,  e x c e p t  t h a t  t h e  t e s t  s t i m u l i  w e r e  r e p l a c e d  w i t h  

t h e  p s e u d o - M E c o n t r o l  s l i d e s .

P r o c e d u r e  3 :  I t  was  f e l t  t h a t  t h e  f a i l u r e  t o
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d e m o n s t r a t e  t h e  ME i n  p r o c e d u r e  2 may h a v e  b e e n  b e c a u s e  t h e  

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

a l t h o u g h  on  t h e  o c c a s i o n s  when t h e  e x p e r i m e n t e r  o b s e r v e d  t h e  

b i r d s ,  t h e i r  h e a d s  u s u a l l y  w e r e  o r i e n t e d  t o w a r d  t h e  s t i m u l i .  

I n  t h i s  p r o c e d u r e ,  t h e r e f o r e ,  f o l l o w i n g  a d a p t a t i o n  a s  i n  

p r o c e d u r e  2 ,  a d d i t i o n a l  a d a p t a t i o n  t o o k  p l a c e  i n  t h e  

e x p e r i m e n t a l  c h a m b e r ,  w h e r e  r e i n f o r c e m e n t  w as  c o n t i n g e n t  

upon  s t i m u l u s  o b s e r v a t i o n  ( t h e  f i r s t  l i n k  i n  a c h a i n  e n d i n g  

w i t h  a k e y  p e c k ) . To i n c r e a s e  t h e  n u m b e r  a nd  d e n s i t y  o f  

t r i a l s  p o s s i b l e ,  t h e  h e a d - i n  t i m e  r e q u i r e m e n t  was  r e d u c e d  t o  

1 . 5  s e c  a nd  t h e  i n t e r - t r i a l  i n t e r v a l  was  d e c r e a s e d  t o  1 s e c .  

D u r i n g  t h e  s e c o n d ,  w i t h i n - c h a m b e r , a d a p t a t i o n  p h a s e  o f  a 

s e s s i o n ,  ME a d a p t a t i o n  s l i d e s  o n l y  w e r e  p r e s e n t e d  u n t i l  

a p p r o x i m a t e l y  10 m i n  t o t a l  e x p o s u r e  t i m e  h ad  o c c u r r e d .  

T e s t i n g  was  t h e n  c a r r i e d  o u t  a s  i n  p r o c e d u r e  2 .  T h i s  

p r o c e d u r e  was  c a r r i e d  o u t  o n c e .

P r o c e d u r e  A n o t h e r  p o s s i b l e  r e a s o n  why t h e  b i r d s  may

n o t  h a v e  a c q u i r e d  t h e  ME i n  p r o c e d u r e  2 i s  t h a t  t h e y  may 

h a v e  b e e n  v i e w i n g  t h e  s t i m u l i  w i t h  t h e i r  l a t e r a l  v i s u a l  

f i e l d s  d u r i n g  a d a p t a t i o n :  T h i s  was  o c c a s i o n a l l y  o b s e r v e d  t o

o c c u r .  (A g r e a t e r  v i e w i n g  d i s t a n c e  f r o m  t h e  a d a p t a t i o n  

s c r e e n  t h a n  f r o m  t h e  t e s t i n g  s c r e e n  was  n e c e s s a r y  s o  t h a t  

t h e  b i r d s  w o u ld  n o t  b l o c k  t h e  p r o j e c t o r  l i g h t  p a t h ) . T h u s ,  

i n  t h i s  p r o c e d u r e  t h e  b i r d s  w e r e  p l a c e d ,  r e s t r a i n e d  a s  i n  

p r o c e d u r e  2 ,  i n s i d e  t h e  e x p e r i m e n t a l  c h a m b e r  a nd  d i r e c t l y  i n  

f r o n t  o f  t h e  v i e w i n g  s l e e v e .  The  b a c k  p r o j e c t i o n  s c r e e n  was
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moved c l o s e r  t o  t h e  b i r d  (8 cm a w a y ,  o r  a p p r o x i m a t e l y  t h e  

v i e w i n g  d i s t a n c e  d u r i n g  t e s t i n g )  w i t h  t h e  s p a t i a l  f r e q u e n c y  

o f  t h e  i m a g e  h e l d  c o n s t a n t .  A d a p t i o n  s t i m u l i  w e r e  t h e n  

p r e s e n t e d  a s  i n  p r o c e d u r e  2 .  F o r  t e s t i n g ,  t h e  s t i m u l u s  s e t  

was  a l t e r e d  s l i g h t l y ,  s u c h  t h a t  t h e  f i r s t  8 s l i d e s  i n  t h e  

c a r o u s e l  w e r e  ME a d a p t a t i o n  s l i d e s .  T h e r e a f t e r ,  12 s e t s  o f  

5 s l i d e s  w e r e  p r e s e n t e d ,  w i t h  e a c h  s e t  c o m p o s e d  o f  o n e  

d e s a t u r a t e d  c o l o r e d  s l i d e ,  o n e  p s e u d o - M E  s l i d e ,  o n e  t e s t  

s l i d e ,  o n e  M E - t e s t  c o n t r o l  s l i d e  a nd  o n e  o t h e r  a c h r o m a t i c  

s l i d e .  W i t h i n  a f i v e - s l i d e  s e t ,  t h e  o r d e r  w a s  r a n d o m i z e d .  

T h e s e  68 s l i d e s  w e r e  e a c h  p r e s e n t e d  t h r e e  t i m e s .

P r o c e d u r e  5:  S h u t e  ( 1 9 7 9 )  h a s  r e p o r t e d  t h a t  t h e  d r u g

s c o p o l a m i n e  e n h a n c e s  t h e  ME, a n d  t h a t  e v e n  s u b j e c t s  who 

n o r m a l l y  a c q u i r e d  v e r y  l i t t l e  i f  a n y  ME e x h i b i t e d  a s t r o n g  

MS f o l l o w i n g  t h e  i n g e s t i o n  o f  0 . 6  mg ( " t w i c e  t h e  c l i n i c a l l y  

e f f e c t i v e  d o s e " )  o f  t h e  d r u g .  T h u s ,  i n  t h i s  p r o c e d u r e ,  . 1  

mg / kg  o f  s c o p o l a m i n e  d i s s o l v e d  i n  p h y s i o l o g i c a l  s a l i n e  was  

i n j e c t e d  i . m .  i n t o  t h e  b i r d s  30 m i n  b e f o r e  ME a d a p t a t i o n ,  

t h e  w a i t  c o i n c i d i n g  w i t h  t h e  d a r k  a d a p t a t i o n  p e r i o d .  A l l  

o t h e r  a s p e c t s  o f  t h i s  p r o c e d u r e  w e r e  t h e  s ame  a s  i n  

p r o c e d u r e  4 .  The  p r o c e d u r e  w as  c a r r i e d  o u t  a t  l e a s t  t w i c e ,  

s i n c e  o r g a n i s m s  o f t e n  b e h a v e  i d e o s y n c r a t i c a l l y  w i t h  t h e i r  

f i r s t  e x p o s u r e  t o  a  d r u g .

T h i s  d o s a g e  l e v e l  was  c h o s e n  b e c a u s e ,  f i r s t ,  i t  i s  

r o u g h l y  i n  t h e  m i d d l e  o f  t h e  r a n g e  w h i c h  h a s  b e e n  u s e d  w i t h  

p i g e o n s  i n  t h e  l i t e r a t u r e :  K s i r  and  M c K e a r n e y  ( 1 9 7 8 )  u s e d
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d o s e s  r a n g i n g  f r o m  . 0 0 6  t o  . 0 5  m g / k g , w h i l e  O s b o r n e ,  R y s b e r g  

and  K i l l e e n  ( 1 9 7 7 )  u s e d  a r a n g e  o f  . 2  t o  1 . 6  m g / k g .  S e c o n d ,  

. 1  m g / k g  i s  s o m e w h a t  m o r e  t h a n  t w i c e  t h e  e f f e c t i v e  d o s e ,  a t  

l e a s t  i n  t h e  K s i r  a n d  M c K e a r n e y  ( 1 9 7 8 )  s i t u a t i o n .  T h i r d ,  a 

l a r g e r  d o s e  m i g h t  d e g r a d e  d i s c r i m i n a t i o n  p e r f o r m a n c e  ( M i l a r ,  

H a l g r e n ,  & H e i s e ,  1 9 7 8 ) .

Human c o n t r o l s : T h r e e  h u m a n s  w e r e  s u b j e c t e d  t o  a

s i t u a t i o n  r o u g h l y  e q u i v a l e n t  t o  p r o c e d u r e  4 a b o v e .  O n l y  20 

mi n  o f  d a r k  a d a p t a t i o n  w e r e  r e q u i r e d .  S u b j e c t  BA v i e w e d  t h e  

a d a p t a t i o n  and  t e s t  s t i m u l i  l y i n g  down w i t h  h i s  h e a d  i n  t h e  

e x p e r i m e n t a l  p i g e o n  c h a m b e r .  The  ME a d a p t a t i o n  p h a s e  l a s t e d  

f o r  25 m i n  f o r  t h i s  s u b j e c t .  S u b j e c t s  KH a n d  DY v i e w e d  t h e  

s t i m u l i  p r o j e c t e d  o n  t h e  w a l l  w h i l e  s i t t i n g  a t  a d i s t a n c e  

s u c h  t h a t  t h e  g r i d s  w e r e  a p p r o x i m a t e l y  t h e  same  s p a t i a l  

f r e q u e n c y  a s  f o r  t h e  b i r d s .  A d a p t a t i o n  t i m e s  f o r  t h e s e  

s u b j e c t s  w e r e  10 m i n  a n d  5 m i n ,  r e s p e c t i v e l y .

The instructions prior to adaption were as follows: 

"I'll be showing you some slides. You may move your head 

and eyes as you wish, but don't move from your chair." The 

instructions prior to testing were as follows: "Now I'll

show you some more slides. Please tell me after each 

presentation whether the slide was colored or 

black-and-white." No feedback was given during testing.

Results

F i g u r e s  6 . 1  t h r o u g h  5 . 4  i n d i c a t e  t h e  p e r c e n t a g e  o f  

r i g h t  k e y  p e c k s  f o r  v a r i o u s  t y p e s  o f  s l i d e s  d u r i n g  ME t e s t
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Figure 6.1. Percentage of right key pecks 
during ME test sessions for bird 23. Filled 
circles are for colored slides, open circles for 
achromatic slides, and open triangles 'for- ME test 
slides. Filled triangles are for pseudo-ME test 
slides during the control (C) session. Numbers 
along the top indicate the induction and test 
procedure used.
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Figure 6.2. Percentage of right key pecks
during ME test sessions for bird 230. See legend
of Figure 7.1 for details.
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Figure 6.3. Percentage of right key pecks
during ME test sessions for bird 37. See legend
of Figure 7.1 for details.
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Figure 6.4. Percentage of right key pecks
during ME test sessions for bird 40. See legend
of Figure 7.1 for details.
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s e s s i o n s  f o r  b i r d s  2 3 ,  2 3 0 ,  37 a nd  4 0 ,  r e s p e c t i v e l y .  N o t e  

t h a t  r i g h t  k e y  p e c k s  a r e  c o r r e c t  f o r  t h e  c o l o r e d  s l i d e s ,  

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

f o l l o w i n g  t e s t  s l i d e s  o n l y  i f  a ME h a s  b e e n  a c q u i r e d .  The  

d a t a  f o r  t h e  c o l o r e d  s t i m u l i  i n c l u d e  o n l y  t h e  d e s a t u r a t e d  

s l i d e s ,  w h i l e  a l l  a c h r o m a t i c  s t i m u l i  h a v e  b e e n  p o o l e d  s i n c e  

no s y s t e m a t i c  d i f f e r e n c e s  o c c u r r e d  f o r  M E - c o n t r o l  s l i d e s  

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

f r o m  s e s s i o n  t o  s e s s i o n  e v i d e n t  i n  t h e  f i g u r e s  r e f l e c t ,  i n  

l a r g e  p a r t ,  c h a n g e s  i n  r e s p o n s e  b i a s . ’*' I n  g e n e r a l  t h e s e  

f i g u r e s  show l i t t l e  d i f f e r e n c e  b e t w e e n  b e h a v i o r  f o l l o w i n g  

t e s t  and  a c h r o m a t i c  s t i m u l i ,  i n d i c a t i n g  t h a t  no ME h a d  b e e n  

a c q u i r e d .  I n s t a n c e s  o f  p r o p o r t i o n a t e l y  g r e a t e r  r i g h t - k e y -  

r e s p o n s e s  on  t e s t  t h a n  on  a c h r o m a t i c  s t i m u l i  d i d  o c c u r ;  s e e  

e s p e c i a l l y  b i r d s  23 a n d  4 0 .  H o w e v e r ,  t h e  d i f f e r e n c e s  a r e  

t y p i c a l l y  o f  t h e  s a m e  m a g n i t u d e  a s  t h o s e  i n  t h e  o t h e r  

d i r e c t i o n  a nd  seem u n r e l a t e d  t o  a d a p t a t i o n  p r o c e d u r e  a c r o s s  

b i r d s .  The  l a c k  o f  e v i d e n c e  f o r  a c q u i s i t i o n  o f  t h e  ME h o l d s  

g e n e r a l l y  f o r  a l l  f i v e  a d a p t a t i o n  p r o c e d u r e s .  The

I n  some  c a s e s  r e s p o n s e  b i a s  was  a c t u a l l y  m a n i p u l a t e d  by  
a r r a n g i n g  t h a t  t h e  p r o b a b i l i t y  o f  r e i n f o r c e m e n t  b e  g r e a t e r  
f o r  c o r r e c t  r e s p o n s e s  f o l l o w i n g  c o l o r e d  t h a n  f o l l o w i n g  
a c h r o m a t i c  s t i m u l i .  T h i s  was  d o n e  b e c a u s e  i t  m i g h t  b e  m o r e  
l i k e l y  f o r  a  w eak  ME t o  b e  " r e p o r t e d "  w i t h  a  l a r g e r  
r i g h t - k e y  b i a s .  W h e t h e r  s u c h  a b i a s  w o u l d  b e  e x p e c t e d  t o  
h a v e  a g r e a t e r  e f f e c t  o n  t e s t  t h a n  o t h e r  a c h r o m a t i c  s t i m u l i ,  
h o w e v e r ,  w o u l d  d e p e n d  u p o n  c e r t a i n  a s s u m p t i o n s ,  s u c h  a s  t h e  
f o r m o f  t h e  u n d e r l y i n g  " s i g n a l "  and  " n o i s e "  d i s t r i b u t i o n s .  
No r e l a t i o n s h i p  b e t w e e n  b i a s  a nd  l i k e l i h o o d  o f  p e c k i n g  r i g h t  
f o l l o w i n g  t e s t  v e r s u s  a c h r o m a t i c  s t i m u l i  was  f o u n d .
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p e r c e n t a g e  o f  r i g h t  p e c k s  f o l l o w i n g  t h e  p s e u d o - M E  s t i m u l i  

was  s u b s t a n t i a l l y  h i g h e r  t h a n  t h a t  f o l l o w i n g  a c h r o m a t i c  

s t i m u l i  f o r  a l l  b i r d s  e x c e p t  2 3 0 .

F i g u r e  6 . 5  s h o w s  v a l u e s  o f  A'  o v e r  ME t e s t  s e s s i o n s  f o r  

e a c h  o f  t h e  f o u r  b i r d s .  A'  i s  a n o n p a r a m e t r i c  m e a s u r e  o f  

t h e  " d i s c r i m i n a b i l t y "  o f  two c l a s s e s  o f  s t i m u l i  c o r r e c t e d  

f o r  r e s p o n s e  b i a s  ( P o l l a c k  & N o r m a n ,  1 96 4 )  and  i s  a n a l o g o u s  

t o  d '  i n  t h e  t h e o r y  o f  s i g n a l  d e t e c t a b i l i t y .  A'  v a r i e s  

b e t w e e n  . 5  ( i n d i c a t i n g  t h e  s t i m u l i  a r e  i n d i s c r i m i n a b l e )  a nd

1 . 0  ( i n d i c a t i n g  p e r f e c t  d i s c r i m i n a b i l i t y ) . F i g u r e  6 . 5  s h o w s  

A ' s  ( a )  f o r  c o l o r e d  v e r s u s  a c h r o m a t i c  s t i m u l i  a n d  (b)  f o r  

c o l o r e d  v e r s u s  t e s t  s t i m u l i .  I f  a ME w e r e  a c q u i r e d ,  t h e s e  

v a l u e s  s h o u l d  d i f f e r ,  w i t h  t e s t  s t i m u l i  b e i n g  l e s s  

d i s c r i m i n a b l e  f r o m  c o l o r e d  s t i m u l i  t h a n  a r e  a c h r o m a t i c  

s t i m u l i .  Once  a g a i n ,  t h e  p a t t e r n s  i n  t h e  f i g u r e  g e n e r a l l y  

i n d i c a t e  t h a t  t h e  ME wa s  n o t  a c q u i r e d .  On t h e  o t h e r  h a n d ,  

l o w e r  v a l u e s  o f  A 1 w e r e  f o u n d  f o r  t h e  p s e u d o - M E  c o n t r o l  

v e r s u s  c o l o r e d  s t i m u l i  i n  a l l  c a s e s  e x c e p t  f o r  b i r d  2 3 0 ,  

i n d i c a t i n g  t h a t  t h e s e  s t i m u l i  w e r e  l e s s  d i s c r i m i n a b l e  f r o m  

c o l o r e d  s t i m u l i  t h a n  w e r e  a c h r o m a t i c  s t i m u l i .

F i g u r e s  6 . 6  a nd  6 . 7  s ho w t h e  r e s u l t s  o f  t h e  t h r e e  human 

c o n t r o l  s u b j e c t s .  F i g u r e  6 . 6  s h o w s  d a t a  a n a l o g o u s  t o  t h a t  

shown f o r  t h e  b i r d s  i n  F i g u r e s  6 . 1  t h r o u g h  6 . 4 ,  a s  a 

f u n c t i o n  o f  ME a d a p t a t i o n  t i m e .  The  m o s t  s t r i k i n g  a s p e c t  o f  

t h i s  f i g u r e  i s  t h e  s t e e p  i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  t e s t  

s t i m u l i  c a l l e d  " c o l o r e d "  w i t h  i n c r e a s i n g  a d a p t a t i o n  t i m e ,  a s
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Figure 6.5. Discriminability index, A', 
during ME test sessions for birds 23, 230, 37 
and 40. Open circles show the discriminability 
of achromatic from colored stimuli, and open 
triangles of ME test stimuli from colored 
stimuli; filled triangles show that of pseudo- 
ME from colored stimuli during the control CC) 
session. Numbers along the top of the figure 
indicate the induction and test procedure 
used.
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Figure 6.6. Percentage of stimuli called 
"colored" by the human control subjects as a 
function of adaptation time. Filled symbols are 
for colored stimuli: triangles for pseudo-ME,
and circles for other chromatic stimuli. Unfilled 
symbols are for achromatic stimuli: triangles
for ME test, and circles for other achromatic 
stimuli.
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Figure 6.7. Discriminability index, A 1, 
for the human control subjects as a function 
of adaptation time. Open circles show the 
discriminability of achromatic from colored 
stimuli, and open triangles of ME test stimuli 
from colored stimuli.



w o u l d  b e  e x p e c t e d  s i n c e  l o n g e r  a d a p t a t i o n  p r o d u c e s  s t r o n g e r  

MEs.  The  t h r e e  s u b j e c t s  e x h i b i t e d  d i f f e r e n t  l e v e l s  o f  

a c c u r a c y  o n  c o l o r e d ,  a c h r o m a t i c ,  a n d  p s e u d o - M E  c o n t r o l  

s t i m u l i .  T h i s  m i g h t  b e  d u e  e i t h e r  t o  d i f f e r e n t  l e v e l s  o f  

r e s p o n s e  b i a s  ( t h a t  i s ,  d i f f e r e n t  c r i t e r i a  a s  t o  w h a t

c o n s t i t u t e s  c h r o m a t i c i t y ) , o r  t o  d i f f e r e n t  c o l o r  

s e n s i t i v i t i e s  on  t h e  p a r t  o f  t h e  t h r e e  s u b j e c t s .  F i g u r e  6 . 7  

s h o w s  t h e  d a t a  c o r r e c t e d  f o r  r e s p o n s e  b i a s ,  p l o t t i n g  v a l u e s  

o f  A* a n a l o g o u s  t o  t h o s e  f o r  t h e  b i r d s  i n  F i g u r e  6 . 5 .  The 

same  g e n e r a l  p a t t e r n  i s  s e e n  i n  F i g u r e  5 . 7  a s  i n  F i g u r e  6 . 6 ,  

w i t h  l a r g e r  d i f f e r e n c e s  b e t w e e n  t h e  two A ' s  w i t h  l o n g e r  

a d a p t a t i o n  t i m e .

One i n t e r e s t i n g  f e a t u r e  o f  F i g u r e  5 . 6  i s  t h e  r e l a t i o n  

b e t w e e n  p e r c e n t  " c o l o r e d "  o n  t e s t  a n d  p s e u d o - M E  c o n t r o l  

s t i m u l i .  A f t e r  5 m i n  o f  a d a p t a t i o n  t h e  p s e u d o - M E  c o n t r o l  

s t i m u l i  w e r e  c a l l e d  " c o l o r e d "  m o r e  o f t e n  t h a n  w e r e  t h e  t e s t  

s t i m u l i ,  w h i l e  t h e  r e v e r s e  i s  t r u e  f o l l o w i n g  10 o r  25 m i n  o f  

a d a p t a t i o n .  T h i s  r e l a t i o n s h i p  w as  s u b s t a n t i a t e d  i n  a n o t h e r  

wa y .  F o l l o w i n g  t h e  t e s t i n g  p r o c e d u r e ,  e a c h  s u b j e c t  was  

shown a t e s t  s t i m u l u s  a nd  a p s e u d o - M E  s t i m u l u s  w h i c h  h ad  

b e e n  r e p o r t e d  a s  " c o l o r e d "  a t  l e a s t  o n c e ,  a nd  was  a s k e d  t o  

i n d i c a t e  w h i c h  o f  t h e  two w a s  " m o r e  c o l o r e d . "  S u b j e c t  DY, 

who had a d a p t e d  f o r  5 m i n ,  i n d i c a t e d  t h a t  t h e  p s e u d o - M E

s t i m u l u s  was  m o r e  c o l o r e d ,  w h i l e  t h e  o t h e r  two s u b j e c t s

i n d i c a t e d  t h a t  t h e  t e s t  s t i m u l u s  was  m o r e  c o l o r e d .

I t  w o u l d  b e  o f  some i n t e r e s t  t o  l o o k  a t  t h e
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r e l a t i o n s h i p  b e t w e e n  t h e  b i r d s '  b e h a v i o r  f o l l o w i n g  t e s t  and  

p s e u d o - M E  c o n t r o l  s t i m u l i ,  a s  was  d o n e  w i t h  t h e  human 

s u b j e c t s .  F i g u r e  6 . 8  s h o w s  t h e  p e r c e n t a g e  o f  r i g h t  k e y

p e c k s  f o r  t h e s e  two t y p e s  o f  s t i m u l i  i n  t h o s e  t e s t  s e s s i o n s

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

b i r d  c o m p a r e s  t h e  p e r f o r m a n c e  on  t h e  p s e u d o - M E  s t i m u l i  

d u r i n g  t h e  c o n t r o l  s e s s i o n  ( w h i c h  was  t h e  f i r s t  e x p o s u r e  t h e  

b i r d s  h ad  h ad  t o  t h e  l a t t e r  s t i m u l i )  w i t h  t h e  m e d i a n  

p e r f o r m a n c e  l e v e l  o n  ME t e s t  s t i m u l i  f o r  t h e  s e v e n  p r e v i o u s  

ME t e s t  s e s s i o n s .  ( N o t e  t h a t  no  r e i n f o r c e m e n t  was  p r o v i d e d  

f o r  r e s p o n s e s  t o  t h e  p s e u d o - M E  s t i m u l i  d u r i n g  t h e  c o n t r o l  

s e s s i o n ,  b u t  t h a t  i t  w as  d u r i n g  o t h e r  s u b s e q u e n t  s e s s i o n s . )  

The o t h e r  p a i r s  o f  p o i n t s  r e p r e s e n t  d a t a  w i t h i n  i n d i v i d u a l  

t e s t  s e s s i o n s  w i t h  p r o c e d u r e s  4 - 6 .  T h i s  f i g u r e  s h o w s  t h a t  

i n  e v e r y  c a s e  w h e r e  a c o m p a r i s o n  i s  p o s s i b l e ,  t h e  p s e u d o - M E  

c o n t r o l  s t i m u l i  w e r e  m o r e  l i k e l y  t o  b e  c l a s s i f i e d  a s

" c o l o r e d "  t h a n  w e r e  t h e  t e s t  s t i m u l i .  T h i s  may n o t  b e  t r u e  

f o r  b i r d  2 3 0 ' s  f i r s t  p a i r  o f  p o i n t s :  t h e  p e r c e n t  r i g h t

f o l l o w i n g  p s e u d o - M E  s t i m u l i  was  w i t h i n  t h e  r a n g e  o f  p e r c e n t  

r i g h t  f o l l o w i n g  t e s t  s t i m u l i  f o r  t h e  f i v e  t e s t  s e s s i o n s

c o n t r i b u t i n g  t o  t h e  m e d i a n  v a l u e  s h o w n .  F o r  t h i s  b i r d ,  a 

c l e a r  l e a r n i n g  t r e n d  i s  e v i d e n t  o v e r  t h e  f o l l o w i n g  two t e s t  

s e s s i o n s  w i t h  r e i n f o r c e d  e x p o s u r e  t o  t h e  p s e u d o - M E  s t i m u l i .  

C e r t a i n l y  i n  t h e  c a s e  o f  t h e  o t h e r  t h r e e  b i r d s ,  h o w e v e r ,  t h e  

p seudo- ME s t i m u l i  w e r e  c o n s i s t e n t l y  r e p o r t e d  a s  " c o l o r e d "  

much mo r e  f r e q u e n t l y  t h a n  w e r e  t h e  t e s t  s t i m u l i .  C o m p a r i n g



Figure 6.8. Percentage of right key pecks following pseudo-ME (.filled 
triangles) and ME test Copen triangles) stimuli during test sessions for birds 
23, 2 3 0 , 37 and 40. The first "session" compares responses to pseudo-ME stimuli 
during the control session with the median performance level to ME test stimuli 
during the previous seven ME test sessions. The bars indicate the ranges for 
these seven sessions for each bird. Sessions two through five compare responses 
within individual ME test sessions.
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t h i s  w i t h  t h e  human d a t a ,  a n y  ME w h i c h  m i g h t  h a v e  b e e n  

a c q u i r e d  by  t h e  b i r d s  m u s t  h a v e  b e e n  o f  s t r e n g t h  c o m p a r a b l e  

t o  t h a t  a c q u i r e d  by  a human w i t h  l e s s  t h a n  t e n  m i n u t e s '  

a d a p t a t i o n  t i m e .

D i s c u s s i o n

A l t h o u g h  a l l  t h r e e  human s u b j e c t s  s h owe d  e v i d e n c e  o f  

a c q u i r i n g  a  ME i n  a s i t u a t i o n  a n a l o g o u s  t o  t h a t  e x p e r i e n c e d  

by  t h e  p i g e o n  s u b j e c t s ,  no c l e a r  e v i d e n c e  wa s  f o u n d  t h a t  a n y  

o f  t h e  b i r d s  had  a c q u i r e d  a ME. G i v e n  t h a t  t h r e e  o u t  o f  t h e  

f o u r  b i r d s  d i d  r e s p o n d  a p p r o p r i a t e l y  t o  t h e  p s e u d o - M E

s t i m u l i  when f i r s t  e x p o s e d  t o  t h e m ,  i t  s e e m s  u n l i k e l y  t h a t  

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

t o  t h e  b i r d s '  h a v i n g  h a d  a b i a s  t o w a r d s  c a l l i n g  d e s a t u r a t e d  

c o l o r s  " a c h r o m a t i c . "  I t  i s  d i f f i c u l t  t o  r u l e  o u t  

i n a t t e n t i o n  t o  t h e  a d a p t a t i o n  s t i m u l i  a s  a r e a s o n  f o r  t h e

f a i l u r e  t o  d e m o n s t r a t e  t h e  p h e n o m e n o n .  H o w e v e r ,  i n

p r o c e d u r e s  w h i c h  r e q u i r e d  t h e  b i r d s  t o  r e s p o n d  t o  t h e s e  

s t i m u l i  ( p r o c e d u r e s  1 a n d  3 ) ,  r e s p o n s e s  t o  t h e  t e s t  s t i m u l i  

w e r e  n o t  s y s t e m a t i c a l l y  d i f f e r e n t  f r o m  t h e  a n a l o g o u s

b e h a v i o r  w i t h  t h e  o t h e r  a d a p t a t i o n  p r o c e d u r e s .  F u r t h e r m o r e ,  

i f  a p i g e o n - M E  h a d  a s i m i l a r  c o u r s e  o f  a c q u i s i t i o n  a s  a 

human-ME,  t h e  b i r d s  s h o u l d  h a v e  s ho wn  e v i d e n c e  o f  a c q u i r i n g  

t h e  e f f e c t  e v e n  i f  t h e y  h a d  o n l y  a t t e n d e d  t o  t h e  a d a p t a t i o n  

s t i m u l i  f o r  b e t w e e n  1 / 6  a nd  1 / 3  o f  t h e  t i m e  ( i . e . ,  f o r  5 t o  

10 o u t  o f  t h e  30 m i n  o f  a d a p t a t i o n  t i m e ) .
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I t  i s  l i k e l y  t h a t  t h e  s p a t i a l  f r e q u e n c y  o f  t h e  g r a t i n g s  

u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t  w as  n o t  o p t i m a l .  S t r o m e y e r  

( 1 9 7 2 b )  f o u n d  t h a t  a d a p t a t i o n  a nd  t e s t  s q u a r e - w a v e  g r a t i n g s  

( o f  e q u a l  s p a t i a l  f r e q u e n c y )  o f  5 c / d e g  t y p i c a l l y  p r o d u c e d  a 

s t r o n g e r  ME t h a n  v a r i o u s  o t h e r  s p a t i a l  f r e q u e n c i e s ,  o v e r  a 

r a n g e  o f  1 - 2 0  c / d e g .  T h i s  m i g h t  p e r h a p s  r e f l e c t  t h e  human 

s p a t i a l  f r e q u e n c y  s e n s i t i v i t y ,  w h i c h  f o r  s i n u s o i d a l  g r a t i n g s  

p e a k s  a t  a r o u n d  6 c / d e g  ( e . g .  D a v i d s o n ,  1 9 6 8 ) .  An o p t i m a l  

s p a t i a l  f r e q u e n c y  f o r  ME a c q u i s i t i o n  i n  t h e  p i g e o n ,  t h e n ,  

m i g h t  b e  a t  a r o u n d  4 c / d e g ,  w h i c h  i s  t h e  p i g e o n ' s  p e a k  

s e n s i t i v i t y  f o r  s i n u s o i d a l  g r a t i n g s  ( N y e ,  1968 )  . T h i s  i s  a 

s u b s t a n t i a l l y  h i g h e r  f r e q u e n c y  t h a n  t h e  . 6  c / d e g  e m p l o y e d  i n  

t h e  p r e s e n t  s t u d y .  I t  s h o u l d  b e  n o t e d  t h a t  S t r o m e y e r ' s  d a t a  

i n d i c a t e d  t h a t  a d i f f e r e n c e  i n  s p a t i a l  f r e q u e n c y  b e t w e e n  

a d a p t a t i o n  a nd  t e s t  g r a t i n g s  h a d  a l a r g e r  e f f e c t  o n  ME 

s t r e n g t h  t h a n  d i d  t h e  s p a t i a l  f r e q u e n c y  o f  b o t h  a d a p t a t i o n  

and t e s t  g r a t i n g s  when  e q u a l .  A l s o ,  n o t e  t h a t  t h e  human 

s u b j e c t s  a c q u i r e d  t h e  ME i n  t h e  p r e s e n t  s t u d y  w i t h  t h e s e  

l o w - f r e q u e n c y  g r a t i n g s .

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

C h a p t e r  5 t h a t  t h e  b i r d s '  b e h a v i o r  wa s  u n d e r  t h e  c o n t r o l  o f  

some s t i m u l u s  d i m e n s i o n  o t h e r  t h a n  c h r o m a t i c i t y , o n e  f u r t h e r  

e x p l a n a t i o n  o f  t h e s e  n e g a t i v e  f i n d i n g s  s e e m s  w o r t h

e x p l o r i n g :  I t  i s  p o s s i b l e ,  i f  u n l i k e l y ,  t h a t  t h e  p i g e o n s

had a c q u i r e d  a ME i n  t h i s  e x p e r i m e n t ,  b u t  w e r e  somehow a b l e  

t o  d i s c r i m i n a t e  b e t w e e n  s u c h  " i l l u s o r y "  c o l o r  a nd  " t r u e "
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c o l o r ,  and  t h u s  b e h a v e d  d i f f e r e n t l y  i n  t h e  two c a s e s .  I f  

t h e s e  p i g e o n s  c o u l d  b e  s h o w n ,  h o w e v e r ,  t o  r e s p o n d  w i t h  a 

r i g h t  k e y  p e c k  t o  a n o t h e r  t y p e  o f  " i l l u s o r y "  c o l o r ,  t h i s  

a r g u m e n t  w o u l d  b e  c o n s i d e r a b l y  w e a k e n e d .  The  s t u d y  

d e s c r i b e d  i n  t h e  n e x t  c h a p t e r ,  t h e n ,  a t t e m p t e d  t o  

d e m o n s t r a t e  s i m p l e  c h r o m a t i c  a d a p t a t i o n  i n  t h e s e  p i g e o n s .



CHAPTER 7
EXPERIMENT I I I .  SIMPLE CHROMATIC ADAPTATION IN PIGEONS

The  p r e v i o u s  s t u d y  f a i l e d  t o  d e m o n s t r a t e  a c o n t i n g e n t  

c h r o m a t i c  AE ( t h e  ME) i n  p i g e o n s .  I t  s e e m s  r e a s o n a b l e ,  

b e f o r e  c o n c l u d i n g  t h a t  p i g e o n s  d o  n o t  a c q u i r e  s u c h  a n  

e f f e c t ,  t o  a s k  w h e t h e r  a s i m p l e  c h r o m a t i c  AE c a n  b e  

d e m o n s t r a t e d  i n  t h i s  s e t u p  a nd  w i t h  t h e s e  b i r d s .  T h e r e  i s  

a l r e a d y  e v i d e n c e  t h a t  b i r d s  e x p e r i e n c e  b o t h  a f t e r i m a g e s  

( S w i n d l e ,  1 9 1 6 ;  s e e  A p p e n d i x  B) a n d  c h r o m a t i c  a d a p t a t i o n  

( W i l l i a m s ,  1 9 7 4 ) .  T h u s  a  f a i l u r e  t o  d e m o n s t r a t e  a s i m p l e  AE 

i n  t h e  p r e s e n t  c o n t e x t  w o u l d  c a l l  i n t o  q u e s t i o n  t h e  v a l i d i t y  

o f  t h e  p r o c e d u r e  e m p l o y e d  i n  t h i s  r e s e a r c h  and  t h u s  o f  a n y  

c o n c l u s i o n  a s  t o  t h e  p o s s i b i l i t y  o f  b i r d s '  a c q u i r i n g  a ME.

I n  t h i s  s t u d y ,  c h r o m a t i c  a d a p t a t i o n  w a s  d e m o n s t r a t e d  i n  

p i g e o n s .  C h r o m a t i c  a d a p t a t i o n  c o n s i s t s  o f  c h a n g e s  i n  

s p e c t r a l  s e n s i t i v i t y  ( S t i l e s ,  1 94 9)  and  i n  t h e  a p p a r e n t  h u e  

o f  o b j e c t s  a s  a r e s u l t  o f  a r e l a t i v e l y  l o n g  e x p o s u r e  t o  

c o l o r e d  l i g h t .  F o r  e x a m p l e ,  f o l l o w i n g  e x p o s u r e  t o  a g r e e n  

l i g h t ,  human s e n s i t i v i t y  t o  g r e e n  d e c l i n e s  and  o t h e r  

w a v e l e n g t h s  a p p e a r  b a s i c a l l y  a s  t h o u g h  g r e e n  h ad  b e e n  

s u b t r a c t e d  and  i t s  c o m p l e m e n t  " d i s i n h i b i t e d " : e . g .  a l i g h t

f o r m e r l y  a p p e a r i n g  t o  b e  w h i t e  l o o k s  p i n k .  W i l l i a m s  ( 1 9 7 4 )  

h a s  d e m o n s t r a t e d  a c h r o m a t i c  a d a p t a t i o n  a f t e r e f f e c t  w i t h  

p i g e o n s .  S p e c i f i c a l l y ,  t h e  s u b j e c t s  w e r e  t r a i n e d  t o  p e c k  a

113



114

k e y ,  w i t h  r e i n f o r c e m e n t  b e i n g  p r o v i d e d  on  a VI s c h e d u l e  o n l y  

when t h e  a m b i e n t  i l l u m i n a t i o n  ( p r o v i d e d  by  o v e r  h e a d  l a m p s )  

was  g r e e n .  D u r i n g  t r a i n i n g ,  t h e  c o l o r  o f  t h e  o v e r  h e a d  

i l l u m i n a t i o n  was  c h a n g e d  e v e r y  30 s e c ,  a n d  w as  e i t h e r  g r e e n ,  

r e d ,  y e l l o w  o r  w h i t e ;  w h i t e  n e v e r  f o l l o w e d  r e d .  A f t e r  t h e  

b i r d s  h a d  r e a c h e d  a c r i t e r i o n  o f  r e s p o n s e  r a t e s  i n  g r e e n  

f i v e  t i m e s  h i g h e r  t h a n  i n  o t h e r  c o m p o n e n t s ,  t e s t  s e s s i o n s  i n  

w h i c h  t h e  r e d  o v e r  h e a d  i l l u m i n a t i o n  p r e c e d e d  w h i t e  

i l l u m i n a t i o n  w e r e  c a r r i e d  o u t .  W i l l i a m s  f o u n d  t h a t  r e s p o n s e  

r a t e s  d u r i n g  w h i t e  f o l l o w i n g  r e d ,  w h i l e  n o t  a s  h i g h  a s  

d u r i n g  g r e e n ,  w e r e  h i g h e r  t h a n  a t  o t h e r  t i m e s ,  a t  l e a s t  

d u r i n g  t h e  f i r s t  t e n  s e c  o f  t h e  i n t e r v a l .  He i n t e r p r e t e d  

t h i s  a s  e v i d e n c e  f o r  " n e g a t i v e  a f t e r i m a g e s "  ( w h i c h  we h a v e  

c a l l e d  c h r o m a t i c  a d a p t a t i o n ) , w i t h  e x p o s u r e  t o  r e d  l i g h t  f o r  

30 s e c  p r o d u c i n g  t h e  s u b s e q u e n t  e x p e r i e n c e  o f  g r e e n  d u r i n g  

w h i t e  i l l u m i n a t i o n .

I n  t h i s  s t u d y ,  t h e  b i r d s  w e r e  e x p o s e d  t o  a s i t u a t i o n  

s i m i l a r  t o  t h a t  u s e d  b y  W i l l i a m s  d e s c r i b e d  a b o v e .  

S p e c i f i c a l l y ,  l i g h t s ,  e i t h e r  i n t e n s e  g r e e n  o r  w h i t e ,  

i l l u m i n a t e d  t h e  e x p e r i m e n t a l  c h a m b e r  f o r  a l t e r n a t i n g  s i x - m i n  

i n t e r v a l s  w h i l e  t h e  b i r d s  w e r e  v i e w i n g  and  r e p o r t i n g  upon,  

s l i d e s  i n  t h e  s a m e  p r o c e d u r e  a s  u s e d  i n  E x p e r i m e n t s  I  and  

I I .  I f  t h e  b i r d s  e x p e r i e n c e d  c h r o m a t i c  a d a p t a t i o n ,  i t  was  

e x p e c t e d  t h a t  t h e y  w o u l d  b e  m o r e  l i k e l y  t o  r e p o r t  a c h r o m a t i c  

s l i d e s  t o  b e  " c o l o r e d "  ( i . e . ,  p e c k  t h e  r i g h t  key )  d u r i n g  t h e  

g r e e n  p e r i o d s  t h a n  d u r i n g  t h e  w h i t e  p e r i o d s .
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M e t h o d s

S u b j e c t s

The  s a m e  f o u r  p i g e o n s  a s  s e r v e d  i n  E x p e r i m e n t s  I  a nd

I I .

A p p a r a t u s

The  same  e x p e r i m e n t a l  c h a m b e r  a s  u s e d  i n  E x p e r i m e n t s  I 

and  I I  w as  e m p l o y e d .  One o f  t h e  w a l l s  o f  t h i s  c h a m b e r ,  

w h i c h  s e r v e d  a s  a d o o r  and  was  c o n s t r u c t e d  o f  c l e a r  

P l e x i g l a s ,  was  c o v e r e d  w i t h  t r a n s l u c e n t  p a p e r  ( t r a c i n g  

p a p e r ) .  Two s o c k e t s  w e r e  m o u n t e d  o u t s i d e  t h i s  w a l l ,  o n e  o f  

w h i c h  h e l d  a r e d  o r  g r e e n  f l o o d l a m p  ( G . E .  100 W, 100PAR/R o r  

100 PAR/G) o r ,  i n  p r e l i m i n a r y  t r a i n i n g ,  a " w h i t e "  b u l b ,  and  

t h e  o t h e r  o f  w h i c h  h e l d  a " w h i t e "  b u l b  ( 7 . 5  t o  100 W ) .

S t i m u l i

A s e t  o f  s l i d e s  was  s e l e c t e d  f r o m  t h e  p o o l  e m p l o y e d  i n  

E x p e r i m e n t s  I  a n d  I I .  The  c h r o m a t i c  s e t  i n c l u d e d  s l i d e s  

w i t h  f a i r l y  d e s a t u r a t e d  c o l o r s  i n c l u d i n g  some w i t h  a p i n k  o r  

l i g h t  g r e e n  b a c k g r o u n d  s u c h  a s  m i g h t  o c c u r  a s  AEs o f  

a d a p t a t i o n  t o  g r e e n  o r  r e d  l i g h t .  A d i f f e r e n t  s e t  o f  s l i d e s  

was u s e d  on  b a s e l i n e  a nd  t e s t  s e s s i o n s ,  a nd  t h e  t e s t  p o o l  

was  c h a n g e d  o n  t h e  s e c o n d  d a y  o f  t h e  s e c o n d  s e r i e s  o f  t e s t  

s e s s i o n s  ( s e e  b e l o w ) .

P r o c e d u r e .

S e s s i o n s  c o n s i s t e d  o f  e i g h t  6 - m i n  i n t e r v a l s ,  d u r i n g  

w h i c h  o n e  o f  t h e  two l a m p s  o u t s i d e  t h e  p i g e o n  c h a m b e r  was
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i l l u m i n a t e d .  S p e c i f i c a l l y ,  t h e  two l a m p s  w e r e  l i t  i n  

a l t e r n a t i o n ,  s o  t h a t  e a c h  w as  i l l u m i n a t e d  f o r  a t o t a l  o f  

f o u r  6 - m i n  p e r i o d s .  T h e s e  l i g h t s  w e r e  e x t i n g u i s h e d  w h e n e v e r  

a p i g e o n  h a d  i t s  h e a d  w i t h i n  t h e  v i e w i n g  s l e e v e  s o  a s  t o  

e n s u r e  t h a t  t h e  b i r d s  c o n t i n u e d  t o  r e s p o n d  t o  t h e  

c h r o m a t i c i t y  o f  t h e  s l i d e s  r a t h e r  t h a n  t o  t h a t  o f  t h e  

a m b i e n t  i l l u m i n a t i o n .

B a s e l i n e  S e s s i o n s . When t h e  o u t s i d e  l i g h t s  w e r e  f i r s t  

i n t r o d u c e d  t h e  b i r d s '  b e h a v i o r  w as  d i s r u p t e d ,  s o  o n l y  v e r y  

d im l i g h t s  w e r e  u s e d  f o r  a t i m e ,  w i t h  m o r e  i n t e n s e  l a m p s  

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

e m p l o y e d  a l t e r n a t i n g  100 a nd  60 W w h i t e  l i g h t s .

T e s t  S e s s i o n s , S e r i e s  l_. D u r i n g  t h e  f i r s t  g r o u p  o f  
*

t e s t  s e s s i o n s ,  t e n  6 - m i n  i n t e r v a l s  o c c u r r e d  w i t h  t h e  100 W 

w h i t e  b u l b  b e i n g  r e p l a c e d  by  t h e  g r e e n  f l o o d  l a m p .  No 

r e i n f o r c e m e n t  was  a v a i l a b l e  f o r  r e s p o n s e s  f o l l o w i n g  

a c h r o m a t i c  s l i d e s  d u r i n g  t h e  p e r i o d s  when  t h e  g r e e n  f l o o d  

l amp  was  i l l u m i n a t e d .  (Due  t o  a n  a p p a r a t u s  f a i l u r e ,  b i r d  23 

r e c e i v e d  no r e i n f o r c e m e n t  f o r  r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  

s t i m u l i  i n  e i t h e r  c o m p o n e n t  on  t h e  f i r s t  t e s t  s e s s i o n . )  

F o ur  s u c h  t e s t  s e s s i o n s  w e r e  c a r r i e d  o u t ,  w i t h  11 t o  15 

s e s s i o n s  o f  b a s e l i n e  t r a i n i n g  i n t e r v e n i n g .

C o n t r o l  S e s s i o n . F o l l o w i n g  t h e  a b o v e  t e s t  s e s s i o n s ,  

one  c o n t r o l  s e s s i o n  was  c a r r i e d  o u t  w h i c h  was  i d e n t i c a l  t o  

t h e  a b o v e  t e s t  s e s s i o n s  e x c e p t  t h a t  t h e  g r e e n  f l o o d  l a m p  was  

r e m o v e d .  T h a t  i s ,  6 - m i n  p e r i o d s  w i t h  w h i t e  i l l u m i n a t i o n
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a l t e r n a t e d  w i t h  p e r i o d s  w i t h  no e x t e r n a l  i l l u m i n a t i o n ,  a n d  

no r e i n f o r c e m e n t  f o r  r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s l i d e s  

was  a v a i l a b l e  d u r i n g  t h e  d a r k  p e r i o d s .

T e s t  S e s s i o n s , S e r i e s  2 .  F o l l o w i n g  t h e  c o n t r o l  s e s s i o n ,  

t e s t  s e s s i o n s  w e r e  c a r r i e d  o u t  i n  w h i c h  t h e  u s u a l

r e i n f o r c e m e n t  c o n t i n g e n c i e s  w a r e  a l w a y s  i n  e f f e c t .  T h a t  i s ,  

l e f t  k e y  p e c k s  w e r e  o c c a s i o n a l l y  r e i n f o r c e d  f o l l o w i n g  t h e  

o b s e r v a t i o n  o f  a c h r o m a t i c  s t i m u l i .  F i v e  s u c h  t e s t  s e s i s o n s  

w e r e  c a r r i e d  o u t  w i t h  e i t h e r  a g r e e n  o r  r e d  f l o o d  l a m p  b e i n g

u s e d  d u r i n g  h a l f  o f  t h e  6 - m i n  i n t e r v a l s ,  a n d  w i t h  4 t o  13

b a s e l i n e  s e s s i o n s  i n t e r v e n i n g  b e t w e e n  s u c c e s s i v e  t e s t  

s e s s i o n s .

R e s u l t s

The  r e s u l t s  o f  a l l  t e s t  a nd  c o n t r o l  s e s s i o n s  i n  t h i s  

e x p e r i m e n t  a r e  s h o wn  i n  F i g u r e s  7 . 1  t h r o u g h  7 . 4 .  The

p e r c e n t a g e  o f  r i g h t  k e y  p e c k s  i s  s hown  f o r  c o l o r e d  and

a c h r o m a t i c  s t i m u l i  d u r i n g  c o m p o n e n t s  w i t h  e i t h e r  c o l o r e d  o r  

w h i t e  a m b i e n t  l i g h t .  A c h r o m a t i c  AE s h o u l d  b e  m a n i f e s t  by  

an i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  r i g h t  r e s p o n s e s  f o l l o w i n g  

a c h r o m a t i c  s t i m u l i  d u r i n g  t h e  g r e e n  ( r e d )  c o m p o n e n t s ,  and

t h i s  i s  e x a c t l y  w h a t  h a s  o c c u r r e d  f o r  a l l  b i r d s  d u r i n g  t h e

f i r s t  s e t  o f  t e s t  s e s s i o n s .  B i r d  37 ( a n d  p e r h a p s  b i r d  40)

a l s o  s ho ws  a h i g h e r  a c c u r a c y  l e v e l  on  c o l o r e d  s l i d e s  d u r i n g  

g r e e n  t h a n  d u r i n g  w h i t e  c o m p o n e n t s ,  w h i c h  m i g h t  a l s o  b e
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Figure 7.1. Percentage of right key pecks during 
chromatic adaptation test sessions for bird 23.
Filled symbols are for colored and open symbols for 
achromatic stimuli. Circles are for responses during 
white components and triangles for responses during 
colored components. Bars at left show the range and 
median performance during the baseline sessions prior 
to each test session for colored (above) and achro
matic (below) stimuli. The type of test session 
(Series 1; control, C; or Series 2), and the color 
presented during colored components of Series 2 (red, 
R? green, G) are indicated.



119

S e r i e s  1 C S e r i e s  2
R R G

1 0 0 '

P
E
R
C
E
N
T

R
I

G
H
T

A

5 0 "

- 2 3 0

.A
cr

o

0 -

TEST S ESS 10 N S

Figure 7.2. Percentage of right key pecks during
chromatic adaptation test sessions for bird 230. See
legend of Figure 8.1 for details.
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Figure 7.3. Percentage of right key pecks during
chromatic adaptation test sessions for bird 37. See
legend of Figure 8.1 for details.
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Figure 7.4. Percentage of right key pecks during
chromatic adaptation test sessions for bird 40. See
legend of Figure 8.1 for details.
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a x p e c t e d  t o  r e s u l t  f r o m  c h r o m a t i c  a d a p t a t i o n :  Many o f  t h e

d e s a t u r a t e d  c o l o r e d  s l i d e s  w e r e  p a l e  p i n k  and  t h e s e  s h o u l d  

a p p e a r  e v e n  p i n k e r  f o l l o w i n g  a d a p t a t i o n  t o  g r e e n .  ( T h i s  

t r e n d  w o u l d  n o t  b e  e x p e c t e d  t o  b e  a p p a r e n t  f o r  b i r d s  23 and  

2 3 0 ,  s i n c e  t h e  p e r c e n t a g e  o f  r i g h t  r e s p o n s e s  f o l l o w i n g  

c o l o r e d  s t i m u l i  i s  a l r e a d y  n e a r  t h e  maximum p o s s i b l e  d u r i n g  

w h i t e  c o m p o n e n t s . )

I t  s h o u l d  b e  n o t e d  t h a t  t h e  r e i n f o r c e m e n t  c o n t i n g e n c i e s  

w h i c h  w e r e  i n  e f f e c t  d u r i n g  t e s t  s e s s i o n s  m i g h t  a l s o  be  

e x p e c t e d  t o  l e a d  t o  r i g h t  k e y  p e c k s  f o l l o w i n g  a c h r o m a t i c  

s l i d e s  d u r i n g  g r e e n  c o m p o n e n t s .  D u r i n g  t h e s e  s e s s i o n s ,  

r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s l i d e s  d u r i n g  g r e e n  w e r e  

n e v e r  r e i n f o r c e d  a n d ,  c o n s e q u e n t l y ,  o n l y  r i g h t  r e s p o n s e s  

were  r e i n f o r c e d  d u r i n g  g r e e n .  I f  t h i s  c h a n g e  i n

c o n t i n g e n c i e s  w e r e  d e t e c t e d ,  i t  w o u l d  i n  e f f e c t  c o n s t i t u t e  a 

c h a n g e  i n  " i n s t r u c t i o n s "  t o  t h e  b i r d s :  " D u r i n g  w h i t e

c o m p o n e n t s  p e c k  r i g h t  w i t h  c o l o r e d  and  l e f t  w i t h  a c h r o m a t i c

s l i d e s ,  b u t  d u r i n g  g r e e n  c o m p o n e n t s  a l w a y s  p e c k  r i g h t . ” I t  

was f e l t  t h a t  s i n c e  t e s t  s e s s i o n s  w e r e  i n f r e q u e n t  a n d  t h e

r a t e  o f  r e i n f o r c e m e n t  was  l o w ,  t h e  c h a n g e  o f  c o n t i n g e n c i e s  

was n o t  l i k e l y  t o  b e  d i s c r i m i n a t e d  by  t h e  b i r d s .  T h e r e  i s  

e v i d e n c e ,  h o w e v e r ,  t h a t  s u c h  was  n o t  t h e  c a s e  f o r  a t  l e a s t  

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

r i g h t  f o l l o w i n g  a c h r o m a t i c  s l i d e s  i s  e v i d e n t  o v e r  t e s t  

s e s s i o n s  f o r  b i r d s  23 a n d  2 3 0 .  I t  s e e m s  u n l i k e l y  t h a t  t h i s  

i s  d u e  t o  a l a r g e r  AE a f t e r  t h e  f i r s t  s e s s i o n .  A m o r e



123

r e a s o n a b l e  i n t e r p r e t a t i o n  o f  t h i s  t r e n d  i s  t h a t  t h e s e  b i r d s  

had  come t o  d i s c r i m i n a t e  t h e  c h a n g e  i n  c o n t i n g e n c i e s  a nd  had  

a d o p t e d  a p e c k - r i g h t - d u r i n g - g r e e n  s t r a t e g y .  B i r d  23 h a d  a n  

e s p e c i a l l y  l o n g  e x p o s u r e  t o  t h e  c o n t i n g e n c i e s  d u e  t o  a n  

a p p a r a t u s  f a i l u r e  (34  c o m p o n e n t s  o c c u r r e d  on  t h e  f i r s t  d a y  

f o r  t h i s  b i r d ) .  The  r e s u l t s  o f  t h e  c o n t r o l  s e s s i o n  show 

t h a t  a l l  b i r d s  w e r e  a b l e  t o  d i s c r i m i n a t e  s u c h  a c h a n g e  i n  

c o n t i n g e n c i e s  w i t h i n  a s i n g l e  s e s s i o n .  H e r e ,  a l l  b i r d s  

showed m o r e  r i g h t  r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s t i m u l i  

d u r i n g  t h e  d a r k  c o m p o n e n t s  ( i n  w h i c h  r e i n f o r c e m e n t  w as  

u n a v a i l a b l e  f o r  l e f t  k e y  p e c k s ) , a s  c o m p a r e d  w i t h  

p e r f o r m a n c e  d u r i n g  w h i t e  c o m p o n e n t s .  C l e a r l y ,  t h i s  r e s u l t  

c a n n o t  b e  e x p l a i n e d  i n  t e r m s  o f  a n y  '‘ i l l u s o r y ” c o l o r s ,  b u t  

i s  c o n s i s t e n t  w i t h  t h e  d i s c r i m i n a t i o n  o f  t h e  a l t e r e d  

r e i n f o r c e m e n t  c o n t i n g e n c i e s .  I t  s h o u l d  b e  n o t e d  t h a t  a much 

s m a l l e r  p e r c e n t a g e  o f  r i g h t  r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  

s t i m u l i  o c c u r r e d  t h a n  w as  o b s e r v e d  d u r i n g  g r e e n  c o m p o n e n t s  

f o r  a n y  o f  t h e  p r e v i o u s  t e s t  s e s s i o n s ,  e x c e p t  i n  t h e  c a s e  o f  

b i r d  2 3 .  T h u s ,  i t  s e e m s  t h a t  a n  AE m u s t  a l s o  h a v e  

c o n t r i b u t e d  t o  t h e  o b s e r v e d  p a t t e r n s  o f  b e h a v i o r ,  e s p e c i a l l y  

on t h e  f i r s t  t e s t  s e s s i o n .  The  s i m i l a r i t y  o f  b i r d  2 3 ' s  

b e h a v i o r  p a t t e r n  d u r i n g  t h e  c o n t r o l  s e s s i o n  t o  t h a t  on  t h e  

p r e v i o u s  t e s t  s e s s i o n s  s u g g e s t s  t h a t  a p e c k - r i g h t  s t r a t e g y  

may h a v e  b e e n  u n d e r  t h e  c o n t r o l  o f  " n o t  w h i t e ” o r  " d i f f e r e n t  

f rom b a s e l i n e "  r a t h e r  t h a n  " g r e e n . "  ( S e a  a l s o  2 3 ' s  d a t a  on 

t h e  f i r s t  t e s t  s e s s i o n  w i t h  r e d ,  d e s c r i b e d  b e l o w . )
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D u r i n g  t h a  s e c o n d  s e t  o f  t e s t  s e s s i o n s ,  i n  w h i c h  t h e  

u s u a l  b a s e l i n e  r e i n f o r c e m e n t  c o n t i n g e n c i e s  w e r e  m a i n t a i n e d  

c o n t i n u o u s l y ,  t h e  e f f e c t s  o f  c h r o m a t i c  a d a p t a t i o n  and  o f  t h e  

r e i n f o r c e m e n t  c o n t i n g e n c i e s  w o u l d  b e  i n  o p p o s i t i o n  t o  e a c h  

o t h e r .  T h u s ,  r i g h t  p e c k s  f o l l o w i n g  a c h r o m a t i c  s l i d e s  d u r i n g  

g r e e n  w o u l d  b e  f a i r l y  s t r o n g  e v i d e n c e  o f  c h r o m a t i c  

a d a p t a t i o n .  On t h e  f i r s t  d a y  o f  t h i s  s e t  o f  t e s t  s e s s i o n s ,  

a l l  b i r d s  m a i n t a i n e d  t h e  b e h a v i o r a l  p a t t e r n  o f  t h e  f i r s t  s e t  

o f  t e s t  s e s s i o n s .  H o w e v e r ,  m o s t  b i r d s  made  no c o n t a c t  w i t h

t h e  new c o n t i n g e n c i e s  o f  r e i n f o r c e m e n t :  O n l y  b i r d  40

r e c e i v e d  a n y  r e i n f o r c e r s  f o r  p e c k i n g  l e f t  f o l l o w i n g  an  

a c h r o m a t i c  s t i m u l u s  d u r i n g  a g r e e n  c o m p o n e n t ,  a n d  e v e n  t h i s  

b i r d  r e c e i v e d  o n l y  o n e  s u c h  r e i n f o r c e r  ( s e e  T a b l e  7 . 1 ) .  The  

hue  o f  t h e  c o l o r e d  c o m p o n e n t s  w as  c h a n g e d  f r o m  g r e e n  t o  r e d  

i n  h o p e s  t h a t  t h e  b i r d s  w o u l d  come i n  c o n t a c t  w i t h  t h e  new 

c o n t i n g e n c i e s .  When t h i s  w as  d o n e ,  two o f  t h e  b i r d s

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

s u g g e s t i n g  t h a t  t h e y  h a d  come u n d e r  t h e  c o n t r o l  o f  c h a m b e r  

i l l u m i n a t i o n  a nd  i t s  a s s o c i a t e d  d i f f e r e n t i a l  r e i n f o r c e m e n t  

c o n t i n g e n c i e s  d u r i n g  t h e  f i r s t  s e t  o f  t e s t  s e s s i o n s .  B i r d  

23 a p p e a r e d  t o  s ho w a c o m p l e t e  s h i f t  i n  r e s p o n s e  b i a s ,  

p e c k i n g  o n l y  t h e  l e f t  ( r a t h e r  t h a n  t h e  r i g h t )  k e y  d u r i n g  r e d  

c o m p o n e n t s .  On t h a  s e c o n d  t e s t  s e s s i o n  w i t h  r e d  f o r  t h i s  

b i r d ,  t h e  l e f t  k e y  l i g h t  was  e x t i n g u i s h e d  f o l l o w i n g  some 

c h r o m a t i c  s l i d e s ,  s o  t h a t  h e  was  " f o r c e d "  t o  p e c k  t h e  r i g h t  

key  d u r i n g  r e d  c o m p o n e n t s .  The  d a t a  s hown  i n c l u d e  o n l y  t h e
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Table 7.1
Number of Reinforcers Obtained During Colored 

Components of Series 2 Test Sessions

Bird
Color During 

Colored Components
No. Reinforcers 

Achromatic Colored 
Stimuli Stimuli

23 G 0 10
R 11 0
R 2 7
R 1 10
R 1 11

230 G 0 17
R • 15 5
R 12 14
G 0 5
R 9 5

37 G 0 31
R 3 13
R 4 16
R 1 8

40 G 1 16
R 1 17
R 0 16
R 1 28
R 0 19
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f i n a l  s i x  c o m p o n e n t s  o f  t h e  s e s s i o n  f o r  t h i s  b i r d  when no 

f u r t h e r  f o r c e d  e x p o s u r e  was  g i v e n .  F o l l o w i n g  t h i s ,  t h e  

b e h a v i o r  p a t t e r n  r e t u r n e d  t o  t h a t  s e e n  d u r i n g  t h e  f i r s t  s e t  

o f  t e s t  s e s s i o n s ,  b u t  i t  i s  n o t  c l e a r  how t h i s  s h o u l d  b e  

i n t e r p r e t e d .  T h e  b i r d  may h a v e  m e r e l y  r e t u r n e d  t o  i t s

p r e v i o u s  r e s p o n s e  b i a s ,  a l t h o u g h  a t  l e a s t  o n e  r e i n f o r c e r  was  

o b t a i n e d  f o r  a l e f t  k e y  p e c k  f o l l o w i n g  a n  a c h r o m a t i c  s l i d e  

d u r i n g  r e d  on  e a c h  t e s t  s e s s i o n .

B i r d  230 a l s o  s e e m s  t o  h a v e  s w i t c h e d  i t s  r e s p o n s e  b i a s  

d u r i n g  r e d  c o m p o n e n t s ,  b u t  n o t  t o  t h e  same  d e g r e e  a s  b i r d  23 

d i d .  The  p a t t e r n  h e r e ,  p o o r e r  p e r f o r m a n c e  f o l l o w i n g  c o l o r e d  

b u t  n o t  a c h r o m a t i c  s l i d e s  d u r i n g  r e d ,  i s  t h e  r e v e r s e  o f  w h a t  

s h o u l d  b e . e x p e c t e d  on  t h e  b a s i s  o f  a c h r o m a t i c  a d a p t a t i o n  

e f f e c t .  The  b a s i s  o f  t h i s  b i r d ' s  b e h a v i o r  p a t t e r n  i s  

o b s c u r e .  At  a n y  r a t e ,  when  g r e e n  was  r e i n t r o d u c e d  d u r i n g  

t h e  c o l o r e d  c o m p o n e n t s ,  230 r e v e r t e d  t o  i t s  p r e v i o u s

b e h a v i o r  p a t t e r n .

B i r d s  37 a n d  40 d i d  n o t  show s u c h  l a r g e  c h a n g e s  i n  

b e h a v i o r a l  p a t t e r n  a s  d i d  23 a n d  230 d u r i n g  t h e  s e c o n d  s e t

o f  t e s t  s e s s i o n s ,  s t i l l  m a k i n g  a l a r g e  n u m b e r  o f  r i g h t

r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s t i m u l i  d u r i n g  t h e  c o l o r e d  

c o m p o n e n t s .  T h e s e  b i r d s  s eem t o  g i v e  t h e  c l e a r e s t  e v i d e n c e  

o f  c h r o m a t i c  a d a p t a t i o n  o f  t h e  f o u r .  C o n t i n u i n g  t o

r e i n f o r c e  l e f t  r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s t i m u l i  d u r i n g  

r e d  d i d  h a v e  some e f f e c t  u p o n  t h e s e  b i r d s ,  h o w e v e r ,  i n  t h e  

form o f  p o o r e r  d i s c r i m i n a t i o n .  I f  t h e  a c h r o m a t i c  s t i m u l i
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a p p e a r e d  c o l o r e d  d u r i n g  r e d ,  t h e n  t h i s  i s  n o t  s u r p r i s i n g ,  

s i n c e  o t h e r  r e s e a r c h  h a s  s hown t h a t  d i s c r i m i n a t i o n  w o r s e n s  

when e r r o r s  a r e  r e i n f o r c e d  ( N e v i n ,  O l s o n ,  M a n d e l l ,  & 

Y a r e n s k y ,  1 9 7 5 ) .

The  f a c t  t h a t  b o t h  a c h r o m a t i c  AE a n d  t h e  c o n t i n g e n c i e s  

o f  r e i n f o r c e m e n t  d o u b t l e s s  i n f l u e n c e d  t h e  o b s e r v e d  p a t t e r n s  

o f  b e h a v i o r  m a k e s  i t  s ee m i m p o r t a n t  t o  t a k e  a c l o s e r  l o o k  a t  

t h e  d a t a  f o r  t h e  f i r s t  t e s t  s e s s i o n ,  when t h e  c o n t r i b u t i o n  

f rom t h e  r e i n f o r c e m e n t  c o n t i n g e n c i e s  w o u l d  b e  a t  a m i n i mu m .  

F i g u r e s  7 . 5  t h r o u g h  7 . 7  s ho w t h e  p e r c e n t a g e  o f  r i g h t  

r e s p o n s e s  d u r i n g  s u c c e s s i v e  6 - m i n  c o m p o n e n t s  f o r  t h i s  

s e s s i o n .  ( T h e s e  d a t a  a r e  n o t  a v a i l a b l e  f o r  b i r d  2 3 . )  We 

s e e  h e r e  t h a t  a l l  t h r e e  b i r d s  c l e a r l y  s h o we d  t h e  i n c r e a s e  i n  

r i g h t  r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s t i m u l i  d u r i n g  a l l  

c o l o r e d  c o m p o n e n t s ,  i n c l u d i n g  t h e  f i r s t  o n e .  H o w e v e r ,  a 

c l e a r  t r e n d  i s  e v i d e n t  s t a r t i n g  i n  t h e  t h i r d  g r e e n  c o m p o n e n t  

f o r  b i r d  2 3 0 ,  w h i c h  m i g h t  b e  i n t e r p r e t e d  a s  t h e  e m e r g e n c e  o f  

a new r e s p o n s e  " s t r a g e g y ” d u r i n g  c o l o r e d  c o m p o n e n t s .  T h i s  

f u r t h e r  s u p p o r t s  t h e  n o t i o n  t h a t  t h e  d a t a  f o r m  b i r d s  23 and  

230 may h a v e  b e e n  m o r e  c o n t a m i n a t e d  by  t h e  e f f e c t s  o f  

r e i n f o r c e m e n t  c o n t i n g e n c i e s  t h a n  w e r e  t h o s e  f r o m  b i r d s  37 

and 4 0 .

The  t i m e ,  r e l a t i v e  t o  t h e  b e g i n n i n g  o f  a c o m p o n e n t ,  a t  

w h i c h  r i g h t  k e y  p e c k s  f o l l o w i n g  a c h r o m a t i c  s l i d e s  w e r e  

e m i t t e d  was  r e c o r d e d  d u r i n g  t h e  f i r s t  s e t  o f  t e s t  s e s s i o n s .



12 8

100 •

p

E

R

C

E

2 3 0N

T
5 0

R

G

H

T

3
S U C C E S S I V E  C O M P O N E N T S

Figure 7.5. Percentage of right key pecks during 
successive six-min components on the first test session 
of Series 1 for bird 230. Filled symbols are for 
colored stimuli, open symbols for achromatic stimuli. 
Circles are for white (odd-numbered) components, 
triangles for green (even-numbered) components.
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Figure 7.6. Percentage of right key pecks during 
successive six-min components on the first test session 
of Series 1 for bird 37. See legend of Figure 8.5 for details.



130

1 0 0 -

p

E

R
C

E
4 0N

T
5 0  ■

R

G

H

T

0 -

1 3  5 7 9
S U C C E S S I V E  C O M P O N E N T S
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of Series 1 for bird 40. See legend of Figure 8.5 for 
details.
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T h a s e  d a t a  a r e  s hown  i n  F i g u r e s  7 . 8  t h r o u g h  7 . 1 1 ,  w i t h

r e s p o n s e  f r e q u e n c i e s  d u r i n g  s u c c e s s i v e  4 0 - s e c  i n t e r v a l s  o f  

t h e  g r e e n  and  w h i t e  c o m p o n e n t s  p l o t t e d  s e p a r a t e l y . ^ A l s o  

shown a r e  t h e  d a t a  f r o m  t h e  f i r s t  t e s t  s e s s i o n  ( t h e  f i r s t  

t e n  c o m p o n e n t s  o f  t h i s  s e s s i o n  f o r  b i r d  2 3 ) .  I f  t h e  AEs o f  

c h r o m a t i c  a d a p t a t i o n  (a )  t a k e  some minimum a m o u n t  o f  

e x p o s u r e  t o  t h e  c o l o r e d  l i g h t  t o  b e  b u i l t  up  and  (b)  d e c a y

o v e r  t i m e  a f t e r  t h e  c o l o r e d  l i g h t  i s  e x t i n g u i s h e d ,  o n e  m i g h t  

e x p e c t  t o  s e e  t h e s e  p r o c e s s e s  r e f l e c t e d  i n  t h e  d a t a  s hown i n  

t h i s  f i g u r e .  S p e c i f i c a l l y ,  o n e  m i g h t  e x p e c t  t o  s e e  ( a )  an  

i n c r e a s e  i n  t h e  e r r o r  r a t e  d u r i n g  t h e  g r e e n  c o m p o n e n t s  and  

(b) a d e c r e a s e  i n  t h e  e r r o r  r a t e  d u r i n g  t h e  w h i t e  

c o m p o n e n t s ,  r e f l e c t i n g  t h e  a c q u i s i t i o n  and  d e c a y  o f  t h e  AE, 

r e s p e c t i v e l y .  The  f u n c t i o n s  f o r  t h e  g r e e n  c o m p o n e n t s  a r e  

g e n e r a l l y  q u i t e  f l a t ,  p r o b a b l y  i n d i c a t i n g  t h a t  t h e  

t i m e - c o u r s e  o f  c h r o m a t i c  a d a p t a t i o n  i s  s h o r t e r  t h a n  40 s e c .

T h e r e  s e e m s  t o  b e  a h i n t  o f  a d e c l i n e  i n  t h e  f u n c t i o n s  f o r

1
The d a t a  f r o m  t h e  l a s t  4 0 - s e c  i n t e r v a l  o f  t h e  6 - m i n

c o m p o n e n t s  a r e  n o t  i n c l u d e d  h e r e .  I n  a l l  c a s e s ,  a s h a r p
d e c r e a s e  i n  r e s p o n s e  f r e q u e n c y  was  i n d i c a t e d  by  t h e  d a t a ,
b u t  t h i s  i s  m o s t  l i k e l y  d u e  t o  t h e  way i n  w h i c h  t h e
a p p a r a t u s  was  p r o g r a m m e d .  Tha p r i n t - o u t  c o u n t e r  r e c o r d i n g  
t h e  t i m e  a t  w h i c h  a r e s p o n s e  was  made  r e q u i r e d  a l o n g  p u l s e  
t o  p r i n t .  T h i s  was  a c h i e v e d  by a p e c k  " m a k i n g "  and  t h e  n e x t  
h e a d - i n  " b r e a k i n g "  a l o c k - u p  c i r c u i t .  Tha  c o u n t e r  d i d  n o t  
a d v a n c e  d u r i n g  t h i s  p e r i o d  s o  t h a t  e a c h  p r i n t e d  t i m e  
i n d i c a t e d  t h e  t i m e  s i n c e  t h e  b e g i n n i n g  o f  t h e  c o m p o n e n t  
mi nu s  t h e  c u m u l a t i v e  t i m e  b e t w e e n  p e c k s  and  h e a d - i n s  f o r  t h e  
r e s p o n s e s  r e c o r d e d .  T h i s  was  p a r t i a l l y  c o r r e c t e d  f o r  by 
a d d i n g  4 s e c  f o r  e a c h  r e s p o n s e ,  b u t  l o n g e r  l a t e n c i e s  d i d  
o c c u r ,  w h i c h  w o u l d  r e s u l t  i n  l e s s  t h a n  350 s e c  b e i n g  
a c c u m u l a t e d  f o r  a 5 - m i n  c o m p o n e n t .
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Figure 7.8. Number of right key pecks emitted 
by bird 23 during successive 40-sec intervals of 
white (circles) or green (triangles) components for 
Series 1 test sessions. Large symbols are for the 
four sessions combined, small symbols with dots are 
for the first session only.
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Figure 7.9. Number of right key pecks emitted 
by bird 230 following achromatic stimuli during 
successive 40-sec intervals of white or green compo
nents for Series 1 test sessions. See legend of 
Figure 8.8 for details.
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Figure 7.10. Number of right key pecks 
emitted by bird 37 following achromatic stimuli 
during successive 40-sec intervals of white or 
green components for Series 1 test sessions.
See legend of Figure 8.8 for details.
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Figure 7.11. Number of right key pecks 
emitted by bird 40 following achromatic stimuli 
during successive 40-sec intervals of white or 
green components for Series 1 test sessions.
See legend of Figure 8.8 for details.
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the white components for three of the birds, declining 

sharply after 40 sec and 30 sec for birds 23 and 230,

respectively, and gradually over the interval for bird 37.

Too much significance probably should not be placed upon 

these declines, however, due to the small number of 

responses involved. The initial peak does seem to be 

present on the first session for birds 230 and 37, but not 

for bird 23. However, the sampling problem is even more 

severe for these data.

Discuss ion

This experiment provided evidence that pigeons 

experience simple chromatic AEs, as would be expected on the 

basis of Williams' (1974) data. The fact that these birds 

reported these "illusory" colors suggests that they should 

likewise have reported a ME in Experiment II, had they

experienced it. (This is assuming, of course, that the

birds' behavior was under the control of stimulus 

chromatici ty.)

It is also clear from the results of this experiment 

that at least some of the birds were quite sensitive to 

changes in reinforcement contingencies, even with exposure 

to only one session employing different contingencies. In 

hind-sight, it may have been wiser to reinforce (with some 

probability) any response following the observation of 

achromatic slides during colored components, rather than 

reinforcing no response in this situation. This may have
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decreased the likelihood that the birds would detect the 

change in contingencies.

The data suggested that the aftereffects of chromatic 

adaptation required less than 40 sec of exposure to the 

colored light to occur. The time-course of decay of this AE 

was not clear from the results of this study. Whereas three 

of the birds showed a decline in errors on achromatic slides 

after 40 to 30 sec following the beginning of the white 

component, the declines in most cases were not large, and

any trend is difficult to interpret in the light of the

small sample of total errors obtained. Williams' birds 

showed an analogous decline in response rate after only ten 

sec in white following green periods, which suggests that 

the AE may have decayed too rapidly to follow its

time-course in the present study. As Williams pointed out, 

however, discrimination of the AE from the training stimuli 

may have contributed to the decline in response rate evident 

in his data. Thus, ten sec may have underestimated the

decay rate of the AE in his study. It should be noted that 

individual differences in the subjects' criterion of

"chromatic" would also be reflected in different decay rates 

as estimated from these data. Thus, it is not unreasonable 

that the birds should have differed in this respect, as for 

example birds 23 and 230 seem to have done. A further

attempt to measure the time-course of decay of a simple 

chromatic AE, the afterimage, is described in Appendix B.



CHAPTER 3
EXPERIMENT IV. DIMENSIONS OF STIMULUS CONTROL: 

CHROMATICITY OR FILM TYPE?

In Experiment I, the subjects exhibited conceptual 

behavior by responding differentially to new instances of

the two classes of stimuli, which the experimenter

designated as "chromatic" and "achromatic." It is not 

clear, however, whether the subjects' discrimination 

performance was under the control of the same stimulus

dimension as that of the experimenter, because the two

classes of stimuli were prepared with different types of 

film. Specifically, the "achromatic" set of slides was 

prepared using black-and-white film (Panatomic-X) whereas 

the "chromatic" set was prepared using color film

(Ektachrome or Kodachrome 40). Because these film types may 

have differed in a variety of ways other than the 

chromaticity of the stimulus photographed, such as

graininess or background spectral charateris tics, the 

stimulus dimension which actually controlled the pigeons' 

behavior is an empirical question, one addressed in the 

present chapter.

When a discriminative stimulus is composed of more than 

one stimulus attribute, one may determine which aspesct 

controls behavior by presenting each one separately. For

138
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example, following a discrimination training procedure in 

which pigeons' responses were reinforced in the presence of 

a triangle on a red background but not in the presence of a 

circle on a green background, Reynolds (1961) presented each 

form and color separately. During this test, one pigeon 

responded almost exclusively to red, while another responded 

almost exclusively to the triangle. Thus color controlled 

one bird's behavior, while form controlled the other bird's 

behavior. Another technique to determine what controls 

behavior would be to place the potential controlling cues in 

opposition to each other. For example, Reynolds could have 

presented green triangles and red circles in the test phase; 

presumably one of his birds would have pecked the former and 

the other the latter stimulus. The first test described 

below used the latter tactic, disassociating object 

chromaticity from film type by presenting slides of 

achromatic stimuli photographed with color film or

Panatomic-X slides with added color. If object chromaticity 

controlled behavior, the birds were expected to peck the

left key following exposure to the former slides and the

right key following exposure to the latter. The reverse 

would be expected to occur if some other aspect of the 

slides controlled behavior. In the second test, the 

stimulus attributes implicated in the first test as

controlling behavior were combined, and thus pitted against 

one another in an attempt to determine whether the center or
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s u r r o u n d  o f  t h e  s l i d e  w as  m o r e  i m p o r t a n t  i n  c o n t r o l l i n g  

b e h a v i o r .  T h e s e  t e s t s  b o t h  i n d i c a t e d  t h a t  some d i m e n s i o n  

o t h e r  t h a n  o b j e c t  c h r o m a t i c i t y  c o n t r o l l e d  t h e  b i r d s '  

b e h a v i o r .  The  t h i r d  t e s t  a t t e m p t e d  t o  t e s t  w h e t h e r  t h i s  

o t h e r  d i m e n s i o n  m i g h t  b e  t h e  c h r o m a t i c  d i f f e r e n c e s  among t h e  

f i l m  b a c k g r o u n d s .

G e n e r a l  M e t h o d s

S u b j e c t s

The s ame  f o u r  p i g e o n s  a s  s e r v e d  i n  t h e  p r e v i o u s  

e x p e r i m e n t s .  F o l l o w i n g  E x p e r i m e n t  I I I ,  a l l  b i r d s  s e r v e d  i n  

a s t u d y  ( d e s c r i b e d  i n  A p p e n d i x  B) d e s i g n e d  t o  m e a s u r e  t h e  

t i m e  c o u r s e  o f  a f t e r - i m a g e  d e c a y .  T h i s  i n v o l v e d  t h e  s ame  

b a s i c  d i s c r i m i n a t i o n  a s  t h e  o t h e r  e x p e r i m e n t s .  F o l l o w i n g  

t h i s ,  t h e  b i r d s  c o n t i n u e d  t o  p e r f o r m  t h e  d i s c r i m i n a t i o n  

w h i l e  b e i n g  a d a p t e d  t o  c o l l a r s ,  i n  p r e p a r a t i o n  f o r  a s t u d y  

wh ic h  was  a b a n d o n e d  d u e  t o  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y .  

A p p a r a t u s

The  same  e x p e r i m e n t a l  c h a m b e r  a s  was  e m p l o y e d  i n  t h e  

p r e v i o u s  e x p e r i m e n t s .  S p e c t r a l  a n a l y s e s  o f  s l i d e s  w e r e  

c a r r i e d  o u t  u s i n g  a C a r y  219 S p e c t r o m e t e r .

F i l m  B a s e  T e s t s

Me t ho d s

P r o c e d u r e  and  S t i m u l i

F i l m  B a s e  T e s t  1_. T h i s  t e s t  c o n s i s t e d  o f  a s i n g l e  

s e s s i o n  w h i c h  i n c l u d e d  t h r e e  p r e s e n t a t i o n s  o f  e a c h  o f  70
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s l i d e s .  T h e s e  i n c l u d e d  54 o f  t h e  p r e v i o u s  t r a i n i n g  s l i d e s ,  

h a l f  c h r o m a t i c  ( i n  E k t a c h r o m e  o r  K o d a c h r o m e  40)  a nd  h a l f  

a c h r o m a t i c  ( i n  P a n a t o m i c - X ) . C o r r e c t  r e s p o n s e s ,  a s  d e f i n e d  

p r e v i o u s l y ,  c o n t i n u e d  t o  b e  r e i n f o r c e d  o n  a p a r t i a l  

r e i n f o r c e m e n t  s c h e d u l e  ( p r o b a b i l i t y  o f  r e i n f o r c e m e n t  = . 4 )  

f o l l o w i n g  t h e s e  s t i m u l i . .  I n  a d d i t i o n ,  16 t e s t  s l i d e s  w e r e  

i n c l u d e d ,  f o l l o w i n g  w h i c h  r e s p o n s e s  w e r e  n e v e r  r e i n f o r c e d .  

F i v e  t y p e s  o f  s t i m u l i  w e r e  e m p l o y e d :  ( a )  a c h r o m a t i c  s t i m u l i

p h o t o g r a p h e d  w i t h  K o d a c h r o m e  f i l m  (4 s l i d e s ) ;  (b)  t h e  s ame  

a s  ( a ) , b u t  f r om  a n e w l y - p r o c e s s e d  b a t c h  o f  K o d a c h r o m e  f i l m  

wh i ch  a p p e a r e d  t o  t h e  e x p e r i m e n t e r  c h r o m a t i c a l l y  d i f f e r e n t  

f rom t h e  p r e v i o u s l y  p r o c e s s e d  b a t c h  (1 s l i d e ) ;  (c)  

a c h r o m a t i c  s t i m u l i  p h o t o g r a p h e d  w i t h  E k t a c h r o m e  f i l m  (4 

s l i d e s ) ;  (d)  " p s e u d o - M E "  s l i d e s  a s  e m p l o y e d  i n  E x p e r i m e n t  

I I ,  w h i c h  c o n s i s t e d  o f  g r i d s  a s s o c i a t e d  w i t h  d e s a t u r a t e d  

b a c k g r o u n d  c o l o r s  t o  r e s e m b l e  a human ME, p r e p a r e d  w i t h  

E k t a c h r o m e  f i l m  (3 s l i d e s ) ;  (e)  " p s e u d o - M E "  s l i d e s  s i m i l a r  

t o  ( d ) , b u t  p r e p a r e d  by  p a i n t i n g  P a n a t o m i c - X  s l i d e s  (4 

s i  i d e s )  .

F i l m  B a s e  T e s t  2 .  T h i s  t e s t ,  w h i c h  t o o k  p l a c e  i n  t h e  

s e s s i o n  i m m e d i a t e l y  f o l l o w i n g  F i l m  B a s e  T e s t  1 ,  a l s o  

c o n s i s t e d  o f  a s i n g l e  s e s s i o n  s i m i l a r  t o  t h e  a b o v e  t e s t .  I n  

t h i s  c a s e ,  s i x  t y p e s  o f  t e s t  s t i m u l i  w e r e  e m p l o y e d :  ( a )  A

h o l e  was  p u n c h e d  ( u s i n g  a s t a n d a r d  p a p e r - p u n c h )  f r om  e a c h  o f  

a K od ach ro me  and  a P a n a t o m i c - X  s l i d e ,  t h e  f o r m e r  i n c l u d i n g  

a c h r o m a t i c  o r  no s t i m u l i .  A c i r c l e  p u n c h e d  f r o m  a
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Kodachrome  s l i d e  w a s  t h e n  t a p e d  i n  a h o l e  o f  a P a n a t o m i c - X  

s l i d e .  T h r e e  s u c h  s l i d e s  (P-K)  w e r e  i n c l u d e d  i n  t h e  t e s t ,  

(b) T h r e e  s l i d e s  ( P - E )  w e r e  p r e p a r e d  a s  a b o v e ,  e x c e p t  t h a t  a 

c i r c l e  f r om  a n  E k t a c h r o m e  s l i d e  was  i n s e r t e d  i n t o  a h o l e  i n  

a P a n a t o m i c - X  s l i d e .  ( c )  On o n e  P a n a t o m i c - X  s l i d e  ( P - r e d )  , 

a s m a l l  h o l e  was  c u t  w i t h  a p e n - k n i f e ,  a nd  a s m a l l  p i e c e  o f  

r e d  c e l l o p h a n e  was  t a p e d  o v e r  t h e  h o l e .  (d)  One s l i d e  (K-P)  

was i n c l u d e d  i n  w h i c h  a c i r c l e  f r o m  a P a n a t o m i c - X  s l i d e  was  

i n s e r t e d  i n t o  a h o l e  i n  a K o d a c h r o m e  s l i d e  a s  w i t h  P-K a nd  

P - E .  ( e  & f )  B o t h  t y p e s  o f  " p s e u d o - M E ” s l i d e s  w h i c h  w e r e  

p r e s e n t e d  i n  F i l m  B a s e  T e s t  1 (3 e a c h  i n  E k t a c h r o m e  and  

P a n a t o m i c - X )  w e r e  a g a i n  p r e s e n t e d .  The  s u r r o u n d i n g  a r e a s  o f  

t h e  s l i d e s  w e r e  c o v e r e d  w i t h  b l a c k  t a p e  s u c h  t h a t  o n l y  t h e  

g r i d s  and  t h e i r  a s s o c i a t e d  d e s a t u r a t e d  c o l o r s  w e r e  v i s i b l e  

(P(ME,  mask)  and  E(ME, m a s k ) ) .

F i l t e r s  T e s t  _1. D u r i n g  e a c h  o f  t h r e e  c o n s e c u t i v e  

s e s s i o n ,  a c h r o m a t i c  ( P a n a t o m i c - X )  and  c h r o m a t i c  s l i d e s  w e r e  

p r e s e n t e d  w i t h  t h e  u s u a l  r e i n f o r c e m e n t  c o n t i n g e n c i e s  i n  

a f f e c t .  H o w e v e r ,  d u r i n g  e a c h  s e s s i o n  o n e  o f  t h r e e  f i l t e r s  

was p l a c e d  o v e r  t h e  p r o j e c t o r  l e n s ,  s u c h  t h a t  t h e  

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

used  w e r e  Kodak  W r a t t e n  c o l o r - c o r r e c t i n g  f i l t e r s  CC05R,  

CC10M, and CC10G.

R e s u l t s

The r e s u l t s  o f  F i l m  B a s e  T e s t  1 a r e  shown i n  T a b l e  3 . 1 .



Table 8.1 
Percent Right on Film Base Test 1

Type of 
Stimulus

Approx. No. 
Presentations 23

B I 
230

R D 
37 40

Control:
Kodachromea 81 80.2 92.8 80.0 70.7
Panatomic-X a 81 17.3 11.2 41.0 18.8

Test:
Kodachrome^ 12 91.7 83.3 75.0 75.0
K2° 3 100 .0 100.0 75.0 33.0
Ektachrome^ 12 63.6 100.0 60.0 69.2
E (ME)c 9 77.8 100.0 91.7 62.5
PCME}c 12 8.3 8.3 60.0 0.0

aControl Kodachrome and Panatomic-X are the same as
"colored" and "achromatic" in previous studies.

Achromatic in terms of stimuli photographed.
QSee text for description.
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The f i r s t  two r o w s  show t h e  p e r c e n t a g e  o f  r i g h t  r e s p o n s e s

f o l l o w i n g  e x p o s u r e  t o  p r e v i o u s l y  p r e s e n t e d  K o d a c h r o m e  a nd

P a n a t o m i c - X  s t i m u l i ,  a n d  r e p r e s e n t  t h e  s t a n d a r d  t o  w h i c h  

b e h a v i o r  f o l l o w i n g  t h e  v a r i o u s  t e s t  s t i m u l i  s h o u l d  b e

c o m p a r e d .  The  n e x t  t h r e e  r o w s  show t h e  p e r c e n t a g e  o f  r i g h t

r e s p o n s e s  f o l l o w i n g  a c h r o m a t i c  s t i m u l i  p h o t o g r a p h e d  w i t h  

c o l o r  f i l m  (K,  K2,  a n d  E ) . I n  g e n e r a l ,  t h e  b i r d s '  r e s p o n s e s  

f o l l o w i n g  t h e s e  s t i m u l i  w e r e  s i m i l a r  t o  t h o s e  f o l l o w i n g  t h e  

c o n t r o l  ( c h r o m a t i c )  K o d a c h r o m e  s t i m u l i .  I n  o n l y  o n e  c a s e  

( b i r d  40 w i t h  t e s t  s t i m u l i  K2) was  a b i r d ' s  b e h a v i o r  m o r e  

s i m i l a r  t o  t h a t  f o l l o w i n g  t h e  c o n t r o l  P a n a t o m i c - X  s t i m u l i .  

In  f a c t ,  i n  3 o u t  o f  12 c a s e s  t h e  p e r c e n t a g e  o f  r i g h t  k e y  

p e c k s  f o l l o w i n g  t h e s e  t e s t  s t i m u l i  was  e q u a l  t o  o r  h i g h e r  

t h a n  t h a t  f o l l o w i n g  c o n t r o l  K o d a c h r o m e  s t i m u l i .  I t  a p p e a r s ,  

t h e n ,  t h a t  t h e  b i r d s '  d i s c r i m i n a t i o n  b e h a v i o r  was  c o n t r o l l e d  

n o t  by  t h e  c h r o m a t i c i t y  o f  t h e  o b j e c t  p h o t o g r a p h e d ,  b u t  by  

some a s p e c t  o f  f i l m  t y p e .  T h i s  i s  e v e n  m o r e  c l e a r  i n  t h e  

l a s t  two r o w s  o f  T a b l e  3 . 1 ,  w h i c h  c o m p a r e  t h e  d a t a  f o r  

pseudo- ME t e s t  s l i d e s  p r e p a r e d  w i t h  e i t h e r  P a n a t o m i c - X  o r  

E k t a c h r o m e  f i l m .  I n  t h e  c a s e  o f  t h e  E ( ME) s t i m u l i ,  t h e  

b i r d s  t e n d e d  t o  p e c k  t h e  r i g h t  k e y ,  a s  w o u l d  b e  e x p e c t e d  

g i v e n  t h a t  t h e y  h ad  a l r e a d y  e x p e r i e n c e d  t r a i n i n g  w i t h  t h e s e  

s t i m u l i .  I n  t h e  c a s e  o f  t h e  P(ME) s t i m u l i ,  w h e r e  a c o l o r e d  

o b j e c t  o c c u r r e d  on  P a n a t o m i c - X  f i l m ,  t h r e e  o u t  o f  f o u r  b i r d s  

were  e v e n  l e s s  l i k e l y  t o  p e c k  t h e  r i g h t  k e y  t h a n  t h e y  w e r e  

f o l l o w i n g  c o n t r o l  P a n a t o m i c - X  s t i m u l i .  The  o n l y  e x c e p t i o n
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i s  w i t h  B i r d  3 7 ,  w h o s e  p e r c e n t a g e  o f  r i g h t  k e y  p e c k s  was  

r o u g h l y  m i d - w a y  b e t w e e n  t h o s e  f o l l o w i n g  t h e  two t y p e s  o f  

c o n t r o l  s t i m u l i .

The r e s u l t s  o f  F i l m  B a s e  T e s t  2 a r e  p r e s e n t e d  i n  T a b l e

3 . 2 .  A g a i n ,  t h e  f i r s t  two r o w s  r e p r e s e n t  t h e  c o n t r o l

c o n d i t i o n s .  P r e s e n t e d  i n  t h e  n e x t  f o u r  r o w s  a r e  t h e  r e s u l t s  

o f  t e s t  s t i m u l i  i n  w h i c h  t h e  p o s s i b l e  s o u r c e s  o f  s t i m u l u s  

c o n t r o l  s u g g e s t e d  b y  t h e  r e s u l t s  o f  F i l m  B a s e  1 w e r e

c o m b i n e d .  W i t h  t e s t  s t i m u l i  P-K a nd  P - E ,  t h r e e  o u t  o f  f o u r  

b i r d s '  b e h a v i o r  was  m o r e  s i m i l a r  t o  t h a t  e x h i b i t e d  w i t h  t h e  

c o n t r o l  P a n a t o m i c - X  s t i m u l i ,  w h i l e  b i r d  230 s h o w e d  t h e

o p p o s i t e  r e s u l t .  T h i s  s u g g e s t s  t h a t  t h e  s u r r o u n d i n g  f i l m

t y p e ,  o r  a l t e r n a t i v e l y  t h e  f i l m  t y p e  c o v e r i n g  t h e  l a r g e s t

a r e a ,  c o n t r o l l e d  t h e  b e h a v i o r  o f  m o s t  b i r d s .  I n  t h e  c a s e  o f  

s t i m u l u s  P - r e d ,  t h r e e  o u t  o f  f o u r  b i r d s  a g a i n  p e c k e d  t h e

l e f t  k e y  i n  m o s t  c a s e s .  F o r  b i r d s  23 a n d  230 t h i s  t e n d e n c y  

was more  p r o n o u n c e d  t h a n  i n  t h e  c a s e  o f  s t i m u l i  P-K a nd  P - E ,  

i n d i c a t i n g  t h a t  t h e  t o t a l  p r o p o r t i o n  o f  P a n a t o m i c - X  f i l m  

( w h i c h  was  g r e a t e r  f o r  P-K a nd  P-E t h a n  f o r  P - r e d )  may h a v e  

c o n t r o l l e d  b e h a v i o r  f o r  t h e s e  b i r d s .  I n  t h e  ■ c a s e  o f  b i r d

4 0 ,  on  t h e  o t h e r  h a n d ,  t h e  P - r e d  s t i m u l u s  was  t y p i c a l l y

f o l l o w e d  by  a r i g h t  k e y - p e c k ,  w h i c h  i s  c o n s i s t e n t  w i t h  t h e

s u g g e s t i o n  t h a t  t h e  s a t u r a t i o n  o f  t h e  " c o l o r e d "

( n o n - P a n a t o m i c - X )  p o r t i o n  o f  t h e  s l i d e  may h a v e  c o n t r i b u t e d

t o  s t i m u l u s  c o n t r o l .  I n  t h e  c a s e  o f  s t i m u l u s  K - P ,  m o s t  

b i r d s  t e n d e d  t o  p e c k  t h e  r i g h t  k e y ,  w i t h  b i r d  230 a g a i n



Table 8.2
Percent Right on Film Base Test 2

Type of 
Stimulus

Approx. No. 
Presentations 23

B I 
230

R D 
37 40

i Controiay| Kodachrome 81 74.4 93.9 82.7 78.4
| Panatomic-Xt 81 6.1 42.0 27.4 21.2

\ Testb
1 P-K 9 25.0 77.8 50.0 11.1
| P-E 9 22.2 77 .8 33.3 33.3

P-red 3 0.0 33.3 33.3 66.7
| K-P 3- 100 .0 66 .7 66.7 100.0
; E(ME t mask) 9 33.3 77.8 55.6 77.8

P (ME, mask)* 9 0.0 22.2 20.2 0.0

SiSame as in Film Base Test 1. 
See text for description.
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b e i n g  a n  e x c e p t i o n  w i t h  t h e  p r o p o r t i o n  o f  r i g h t  k e y  p e c k s  

f a l l i n g  r o u g h l y  m i d - w a y  b e t w e e n  t h e  two c o n t r o l  s t i m u l u s  

t y p e s .  T h i s  p a t t e r n  i s  g e n e r a l l y  c o n s i s t e n t  w i t h  t h e  

p a t t e r n  o f  r e s p o n s e s  t o  s t i m u l i  P - K ,  P - E ,  a nd  P - r e d  w h i c h  

s u g g e s t e d  t h a t  m o s t  b i r d s '  b e h a v i o r  was  c o n t r o l l e d  by  e i t h e r  

t h e  b a c k g r o u n d  f i l m  t y p e  o r  t h e  f i l m  t y p e  o c c u p y i n g  t h e  

l a r g e s t  a r e a .

I n  t e s t  s t i m u l i  E ( ME, ma sk )  a nd  P(ME,  m a s k ) ,  a n  a t t e m p t  

was made t o  f o c u s  t h e  b i r d s '  a t t e n t i o n  u p o n  t h e  a r e a  o f  t h e  

s t i m u l i  c o n t a i n i n g  c o l o r ,  i n d e p e n d e n t  o f  f i l m  t y p e ,  by  

m a s k i n g  t h e  s u r r o u n d i n g  a r e a s .  S u r p r i s i n g l y ,  t h i s  g e n e r a l l y  

had t h e  e f f e c t  o f  i n c r e a s i n g  t h e  l i k e l i h o o d  t h a t  t h e  b i r d s  

would  p e c k  t h e  l e f t  k e y  f o r  b o t h  t h e  E ( ME, mask)  a nd  t h e  

P(ME, mask)  s t i m u l i ,  a s  c o m p a r e d  w i t h  t h e  r e s u l t s  w i t h  t h e  

E(ME) and  P(ME) s t i m u l i  f r o m  F i l m  B a s e  T e s t  1 .  The

i m p l i c i a t o n s  o f  t h e s e  r e s u l t s  a r e  u n c l e a r .

The  q u e s t i o n  a r i s e s  a s  t o  w h a t  i t  m i g h t  b e  a b o u t  t h e

d i f f e r e n t  t y p e s  o f  f i l m  w h i c h  c o u l d  c o n t r o l  t h e  p i g e o n s '

b e h a v i o r .  A l i k e l y  c a n d i d a t e ,  u p o n  c a s u a l  i n s p e c t i o n  o f  t h e  

s l i d e s ,  i s  t h e  d i f f e r e n t  t i n g e  o f  c o l o r  p r e s e n t  i n  t h e  f i l m  

b a c k g r o u n d s .  F i g u r e  8 . 1  s h o w s  t h e  s p e c t r a l  c h a r a c t e r i s t i c s  

o f  r e p r e s e n t a t i v e  e x a m p l e s  o f  e a c h  f i l m  t y p e ,  s h o w i n g

a b s o r p t a n c e  a s  a f u n c t i o n  o f  w a v e l e n g t h .  The  E k t a c h r o m e  and 

K oda ch r ome  s l i d e s  c h o s e n  w e r e  p h o t o g r a p h s  o f  w h i t e ,  

p a t t e r n l e s s  p a p e r .  The  f i g u r e  s h o w s  t h a t ,  i n d e e d ,  t h e r e  a r e  

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

b

\ \

5 0 0 7 0 0

W a v e l e n g t h  I n m)

Figure 8.1. Spectral analyses of 
three "achromatic" slides using Panatomic-X 
(P), Kodachrome (K) or Ektachrome (E) film.
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m a j o r  d i f f e r e n c e s  s ee m t o  l i e  i n  two r e g i o n s :  5 2 0 - 6 0 0  nm

( g r e e n  and y e l l o w ) , w h e r e  P a n a t o m i c - X  s h o w s  a r e l a t i v e  

d e c r e a s e  i n  a b s o r p t a n c e ,  a nd  6 2 0 - 7 0 0  nm ( r e d ) ,  w h e r e  

P a n a t o m i c - X  s h o w s  a r e l a t i v e  i n c r e a s e  i n  a b s o r p t a n c e .  

A n o t h e r  p o s s i b l e  a r e a  o f  d i f f e r e n c e  i s  4 8 0 - 5 2 0  nm

( b l u e - g r e e n ) , w h e r e  P a n a t o m i c - X  s h o w s  a r e l a t i v e  i n c r e a s e  i n  

a b s o r p t a n c e .  I f  t h e s e  c h r o m a t i c  d i f f e r e n c e s  d i d ,  i n d e e d ,  

c o n t r o l  t h e  b i r d s '  b e h a v i o r ,  i t  w o u l d  s ee m r e a s o n a b l e  t h a t  

c o l o r  f i l t e r s  p a s s i n g  mo r e  l i g h t  i n  t h e  r e d  o r  g r e e n  r e g i o n s  

m i g h t  be  e x p e c t e d  t o  d i s r u p t  o r  a l t e r  t h e  d i s c r i m i n a t i o n  

p e r f o r m a n c e .  F i l t e r  T e s t  1 w as  t h u s  c a r r i e d  o u t .

The r e s u l t s  o f  F i l t e r s  T e s t  1 a r e  p r e s e n t e d  i n  T a b l e

8 . 3 .  I n  15 o u t  o f  23 c a s e s ,  t h e  p e r c e n t a g e  o f  r i g h t  k e y  

p e c k s  f o l l o w i n g  t h e  two c l a s s e s  o f  s t i m u l i  was  w i t h i n  t h e  

b a s e l i n e  r a n g e ,  s u g g e s t i n g  t h a t  t h e  f i l t e r s  h ad  l i t t l e

e f f e c t  upon  r e s p o n d i n g .  T h i s  m i g h t  b e  i n t e r p r e t e d  a s

i n d i c a t i n g  t h a t  t h e  d i s c r i m i n a t i o n  was  a r e l a t i v e  o n e  s u c h  

a s  m i g h t  be  e x p e c t e d  i f  p i g e o n s  e x p e r i e n c e  c o l o r  c o n s t a n c y  

a s  do h u m a n s .  A l t e r n a t i v e l y ,  t h e  r e s u l t s  m i g h t  s i m p l y  

i n d i c a t e  t h a t  t h e  f i l t e r s  w e r e  t o o  weak  t o  make  a n y

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

D i s c u s s  i o n

The r e s u l t s  o f  t h e  two F i l m  B a s e  T e s t s  i n d i c a t e d  t h a t  

t h e  b i r d s '  d i s c r i m i n a t i o n  b e h a v i o r  was  c o n t r o l l e d  by  some 

a s p e c t  o f  t h e  f i l m  t y p e s  ( P a n a t o m i c - X  v e r s u s  K o d a c h r o m e  o r
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Table 8.3 
Percent Right on Filters Test 1

Baseline C7 days! Test Sessions
Bird and Filter Employed
Film Type Range Median CC05R CC10M CC10G

Bird 23
Kodachrome
Panatomic-X

84.0- 90.8 
7.7- 17.1

88.5
9.7

81.0
1 .1

71.2
0 .0

92.4
7.4

! Bird 230 ' --- -Kodachrome
Panatomic-X

i

93.0-100.0 
0.0- 30.0

96.6
1.3

96.3
3.2

92.3
2.4

82 .3 
2 .2

i Bird 37
Kodachrome
Panatomic-X

56.2- 82.5 
5.6- 49.1

6 8 .0

21.4
79.1
7.2

75.3
18.1

8 6 .0
13.4

Bird 40
1 Kodachrome

Panatomic-X
48.0-100.0 
1.8- 31.5

86.3
1 1 .6

80.7
14.3

59.0
2.4

91.8
9.3
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Ektachrome), rather than by the chromaticity of the object 

photographed. The spectral analysis of examples of the 

three types of slides indicated that a potential basis for 

stimulus control by film type lay in the spectral 

characteristics of the film backgrounds. The results of 

Filters Test 1 ware not conclusive in implicating this as 

the basis of stimulus control.

Chromaticity with Film Type Controlled 

The results reported above call into question the

interpretation of Experiment II. Specifically, the test

slides upon which a ME might have appeared were prepared 

with Panatomic-X film, which we have shown to control left 

key pecks at a later stage of this research. The responses 

of the birds following the P(ME) and E(ME) test slides in 

the preceding study suggest further that any color which 

might have been apparent on a test slide which was as

desaturated as that of a human ME (such as mimicked in the 

pseudo-ME slides) would have been insufficient to lead to a 

right key peck. (This problem is discussed further in

Chapter 9.) It would appear, then, that in order to

correctly test for a ME, the birds would have to be trained 

to discriminate between presence and absence of color on 

film of the same type. This was attempted in the following 
s tudy.
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M e t ho ds

S t i m u l i

Sets of colored and achromatic slides were prepared for 

use as training stimuli, all with Kodachrome 40 film. The 

slides were similar to those used in previous studies in 

terms of patterns and colors used. The achromatic set 

consisted of photographs of black-and-white patterns. Sets 

of colored and achromatic slides were also prepared for use 

in a transfer test. These consisted of novel patterns and 

colors, similar to Transfer Test 1 in Experiment I.

P r o c e d u r e

Training. The aim during training was to teach the 

subjects the new discrimination as quickly as possible. To 

this end, a number of procedures were introduced, including 

gradually increasing the difficulty of the discrimination 

and adding a penalty for incorrect responses. The penalty 

consisted first of a 30-sec time out during which the house 

light was extinguished and inserting the head into the 

sleeve had no scheduled consequences. At a later point,

this penalty was signalled by a flashing house light, to 

make it immediately discriminable from an inter-trial 

interval. Correction procedures were also sometimes in 

effect, which consisted either of the slide failing to 

advance following errors, or of forced exposure to the 

correct response. In the latter correction procedure, 

following an error the slide did not advance and only the
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correct key was lit on the subsequent trial. This procedure 

is similar to that described by Chase (Note 1). The 

correction trials were not included in calculating the 

percentage of right key pecks. These procedures and their 

order of introduction will be described in detail in the 

Results section. Approximately 50 daily sessions of 

training, consisting of 100 to 300 trials, were conducted.

Transfer Test. The transfer test consisted of a single 

session. Equal numbers of four types of stimuli (20 each) 

were presented during the test: old colored slides, new

colored slides, old achromatic slides, and new achromatic 

slides. Each slide was presented three times during the

session.

Results

The course of acquisition and the results of the 

transfer test are presented in Figures 3.2 through 8.5, 

which show the percentage of right key pecks following 

colored and achromatic stimuli across sessions. On the 

first day of acquisition (point a in the figures), all novel 

training stimuli were employed. Here discrimination was 

generally poor, and two of the birds (37 and 40) actually 

pecked the right key more following achromatic than

following colored stimuli. During the next three sessions 

(b) , the set of colored st-imuli consisted of 

previously-encountered slides with saturated red or green 

backgrounds; all birds quickly acquired this easier



Figure 8.2, Acquisition of discrimination between 
colored and achromatic Kodachrome stimuli for bird 23. 
Filled and open circles are for colored and achromatic 
stimuli, respectively. Bars at left indicate the seven- 
day range and median for the previous Kodachrome (upper 
bar) versus Panatomic-X (lower bar) discrimination. 
Letters indicate procedural changes, which are described 
in the text.
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d i s c r i m i n a t i o n .  On t h e  f i t h  s e s s i o n  ( c ) , h a l f  o f  t h e  e a s y  

c o l o r e d  s l i d e s  w e r e  r e p l a c e d  by  new s t i m u l i ;  t h i s  s e t  o f  

s t i m u l i  was  e m p l o y e d  f o r  f i v e  s e s s i o n s .  R e a s o n a b l e  

d i s c r i m i n a t i o n  b e h a v i o r  was  e x h i b i t e d  w i t h i n  t h e  f i v e  

s e s s i o n s  f o r  a l l  b i r d s  e x c e p t  2 3 .  D u r i n g  t h e  n e x t  two 

s e s s i o n s  ( d ) , a c a r d b o a r d  m a sk  was  p l a c e d  o v e r  t h e  s c r e e n ,  

s u c h  t h a t  o n l y  t h e  c e n t r a l  p o r t i o n  o f  e a c h  s l i d e  was  

v i s i b l e .  I t  was  t h o u g h t  t h a t  t h e  m a s k  m i g h t  make  t h e  

d i s c r i m i n a t i o n  e a s i e r  s i n c e  t h e  c o l o r e d  o b j e c t s  w e r e  

g e n e r a l l y  l o c a t e d  i n  t h a t  p o r t i o n  o f  t h e  s l i d e s .  H o w e v e r ,  

e x c e p t  f o r  b i r d  3 7 ,  t h e  b i r d s '  d i s c r i m i n a t i o n  b e h a v i o r  

c o m p l e t e l y  f e l l  a p a r t ;  t h u s  t h e  p r o c e d u r e  was  a b a n d o n e d . ' * '

Ten  a d d i t i o n a l  d a y s  o f  t r a i n i n g  w i t h  t h e  s ame  s e t  o f  

s l i d e s  ( e )  w as  c a r r i e d  o u t .  At  t h i s  t i m e  ( f ) t h e  p e n a l t y  

f o r  e r r o r s  was  a l s o  i n t r o d u c e d .  On s e s s i o n  23 ( g ) , f i v e  

a d d i t i o n a l  e a s y  c o l o r e d  s l i d e s  w e r e  r e m o v e d  and  r e p l a c e d  by 

new s l i d e s ,  w h i c h  p r o v e d  e s p e c i a l l y  d i s r u p t i v e  f o r  b i r d s  37 

and 4 0 .  A f t e r  s i x  s e s s i o n s  ( h ) , t e n  m o r e  new c o l o r e d  

s t i m u l i  w e r e  s u b s t i t u t e d  f o r  e a s i e r  s l i d e s ;  t e n  o f  t h e  

a c h r o m a t i c  s l i d e s  w e r e  a l s o  r e p l a c e d  by  new s t i m u l i .  

T w e n t y - t w o  s e s s i o n s  o f  t r a i n i n g  w i t h  t h i s  s e t  o f  s t i m u l i  

we re  c a r r i e d  o u t ,  d u r i n g  w h i c h  t i m e  t h e  f l a s h i n g  h o u s e  l i g h t  

was a l s o  a d d e d  d u r i n g  p e n a l t i e s  f o r  e r r o r s .  I t  s h o u l d  be

T h i s  p o o r  d i s c r i m i n a t i o n  b e h a v i o r  when t h e  s l i d e s  w e r e  
masked  m i g h t  a c c o u n t  f o r  t h e  p a t t e r n  o f  b e h a v i o r  e x h i b i t e d  
f o l l o w i n g  P(ME,  mask )  and  E(ME, mask)  t e s t  s t i m u l i  d u r i n g  
F i l m  3 a s e  T e s t  2 i f  a l e f t  k e y  b i a s  w e r e  a s s u m e d .
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n o t e d  t h a t  a l t h o u g h  a l l  b i r d s  a c q u i r e d  t h e  d i s c r i m i n a t i o n ,  

t h e  l e v e l  o f  a c c u r a c y  a c h i e v e d  by  e a c h  w as  n o t  a s  g o o d  a s  

h i s  p r e v i o u s  b a s e l i n e ,  a nd  was  e s p e c i a l l y  p o o r  f o r  b i r d  3 7 .

On s e s s i o n  51 .  ( i ) ,  t e n  new s l i d e s  ( f i v e  c o l o r e d  and

f i v e  a c h r o m a t i c )  w e r e  a g a i n  a d d e d ,  a n d  s i n c e  l i t t l e  

d i s r u p t i o n  o c c u r r e d  t h e  t r a n s f e r  t e s t  was  c a r r i e d  o u t  t h e  

n e x t  d a y  ( j ) .  The  r e s u l t s  o f  t h i s  t r a n s f e r  t e s t  w e r e  n o t  

e n c o u r a g i n g :  A l t h o u g h  e v e r y  b i r d  s h o w e d  a h i g h e r  p r o p o r t i o n

o f  r i g h t  k e y  p e c k s  f o l l o w i n g  new c o l o r e d  s l i d e s  t h a n

f o l l o w i n g  new a c h r o m a t i c  s l i d e s ,  t h e  s e p a r a t i o n  was  much 

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

I n d e e d ,  b i r d s  230 and  37 w e r e  m o r e  l i k e l y  t o  p e c k  t h e  r i g h t  

key f o l l o w i n g  new a c h r o m a t i c  s l i d e s  t h a n  f o l l o w i n g  o l d  

c o l o r e d  s l i d e s ,  a n d  f o r  b i r d  23 t h e  p r o p o r t i o n  o f  r i g h t

p e c k s  f o l l o w i n g  new a c h r o m a t i c  s l i d e s  was  m o r e  s i m i l a r  t o  

t h a t  f o l l o w i n g  e i t h e r  t y p e  o f  c o l o r e d  s l i d e  t h a n  t o  t h a t  

f o l l o w i n g  o l d '  a c h r o m a t i c  s l i d e s .  O n l y  i n  t h e  c a s e  o f  b i r d  

40 was r e a s o n a b l e  t r a n s f e r  a c h e i v e d ,  i n  t h e  s e n s e  t h a t  t h e  

b e h a v i o r  f o l l o w i n g  new c o l o r e d  and  a h c r o m a t i c  s t i m u l i  was  

s i m i l a r  t o  t h a t  f o l l o w i n g  o l d  c o l o r e d  and  a c h r o m a t i c  

s t i m u l i .

D i s c u s s  i o n

G i v e n  t h e  v a s t  a m o u n t  o f  t r a i n i n g  t h a t  t h e  b i r d s  had  

e x p e r i e n c e d  on  t h e  P a n a t o m i c - X  v e r s u s  K o d a c h r o m e  o r  

E k t a c h r o m e  d i s c r i m i n a t i o n ,  a nd  t h e  l i k e l i h o o d  t h a t  t h i s

d i s c r i m i n a t i o n  was  b a s e d  u po n  t h e  c h r o m a t i c  d i f f e r e n c e s
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b e t w e e n  t h e  two c l a s s e s  o f  s t i m u l i ,  a p o t e n t i a l  e x i s t e d  f o r  

e i t h e r  p o s i t i v e  o r  n e g a t i v e  t r a n s f e r  t o  t h e  d i s c r i m i n a t i o n  

o f  t h e  p r e s e n t  s t u d y .  U n f o r t u n a t e l y ,  t h e  l a t t e r  s e e m e d  t o

p r e d o m i n a t e .  A l t h o u g h  t h e  d i s c r i m i n a t i o n  was  a c q u i r e d  t o

some l e v e l  o f  a c c u r a c y  b y  a l l  b i r d s ,  r e a s o n a b l e  t r a n s f e r  t o

n o v e l  s t i m u l i  wa s  n o t  e x h i b i t e d  b y  m o s t  b i r d s .  I t  t h u s  

s eems  l i k e l y  t h a t  t h e  b i r d s  h a d  l e a r n e d  t h e  a p p r o p r i a t e  

r e s p o n s e  t o  make  i n  t h e  p r e s e n c e  o f  e a c h  s l i d e ,  r a t h e r  t h a n  

a c q u i r i n g  a g e n e r a l  c o n c e p t .  V a u g h a n  and  G r e e n  ( N o t e  5) 

h a ve  r e c e n t l y  r e p o r t e d  t h a t  p i g e o n s  a r e  c a p a b l e  o f  s u c h  

m e m o r i z a t i o n  w i t h  up  t o  400 s t i m u l i  r a n d o m l y  a s s i g n e d  t o  o n e  

o f  two s t i m u l u s  c l a s s e s .  I n  t h e i r  s t u d y ,  d i s c r i m i n a t i o n  

b e h a v i o r  w i t h  e a c h  new s e t  o f  30 s l i d e s  was  t y p i c a l l y  

a c q u i r e d  i n  o n l y  t h r e e  t o  f i v e  s e s s i o n s ,  w i t h  two e x p o s u r e s

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

o b v i o u s l y  a c q u i r e d  t h e  d i s c r i m i n a t i o n  much m o r e  s l o w l y  t h a n

t h i s .  H o w e v e r ,  V a u g h a n  and  G r e e n e  e m p l o y e d  s l i d e s  o f

n a t u r a l  s c e n e s  i n  t h e i r  s t u d y ,  a nd  t h e i r  b i r d s  h a d  

c o n s i d e r a b l y  mo r e  t r o u b l e  a c q u i r i n g  a s i m i l a r  d i s c r i m i n a t i o n  

u s i n g  s l i d e s  o f  r a n d o m  s h a p e s :  I n  t h i s  c a s e  o n l y  o n e  o f

t h r e e  b i r d s  a c q u i r e d  t h e  d i s c r i m i n a t i o n  a f t e r  200 s e s s i o n s .  

The s t i m u l i  u s e d  i n  t h e  p r e s e n t  s t u d y  a r e  s i m i l a r  t o  V a u g h a n  

and G r e e n e ' s  r a n do m s h a p e s ,  w h i c h  p r o b a b l y  c o n t r i b u t e d  t o  

t h e  r e l a t i v e l y  s l o w  r a t e  o f  a c q u i s i t i o n  o f  t h e

d i s c r  im i n a t  i o n .

I t  w o u ld  a p p e a r ,  t h a n ,  t h a t  t h e  b i r d s '  h i s t o r i e s  h a v e
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made i t  d i f f i c u l t  f o r  t hem t o  a c q u i r e  a c h r o m a t i c i t y  

c o n c e p t ,  w i t h  t y p e  o f  f i l m  e l i m i n a t e d  a s  a c o n f o u n d i n g  

v a r i a b l e .  I t  w o u l d  s ee m t h a t  a  s e t  o f  n a i v e  b i r d s  w o u l d  be  

more l i k e l y  t o  a c q u i r e  t h e  c o n c e p t . ' * '

F i l t e r s  T e s t  2

I t  was  s u g g e s t e d  e a r l i e r  t h a t  a p o s s i b l e  b a s i s  u p o n  

w h i c h  P a n a t o m i c - X  s l i d e s  w e r e  d i s c r i m i n a t e d  f r o m  t h o s e  made  

w i t h  o t h e r  t y p e s  o f  f i l m  was  t h e  c h r o m a t i c  d i f f e r e n c e  

b e t w e e n  t h e m .  H o w e v e r ,  i t  i s  s t i l l  p o s s i b l e  t h a t  some o t h e r  

a s p e c t  o f  t h e  s l i d e s ,  s u c h  a s  g r a i n i n e s s ,  may h a v e  s e r v e d  a s  

t h e  r e l e v a n t  d i m e n s i o n  o f  s t i m u l u s  c o n t r o l .  I n  t h e  p r e s e n t  

s t u d y ,  t h i s  i s s u e  was  f u r t h e r  e x p l o r e d .  S p e c i f i c a l l y ,  Kodak 

W r a t t e n  c o l o r  c o r r e c t i n g  f i l t e r s  w e r e  s a n d w i c h e d  w i t h  e a c h  

t y p e  o f  s l i d e ,  i n  a n  a t t e m p t  t o  make  P a n a t o m i c - X  s l i d e s  

a p p e a r  c h r o m a t i c a l l y  s i m i l a r  t o  K o d a c h r o m e ,  and  v i c e  v e r s a .

M e t h o d s

R e t r a i n i n g . The  b i r d s  w e r e  g i v e n  e l e v e n  s e s s i o n s  w i t h  

250 t o  300 t r i a l s  p e r  s e s s i o n  o f  r e t r a i n i n g  on  t h e  

P a n a t o m i c - X  v e r s u s  K o d a c h r o m e  d i s c r i m i n a t i o n ,  i n  w h i c h  l e f t  

and r i g h t  p e c k s  w e r e  r e i n f o r c e d  f o l l o w i n g  P a n a t o m i c - X  and

D i s c r i m i n a t i o n  t r a i n i n g  was  c o n t i n u e d  f o r  a n o t h e r  17 
s e s s i o n s  w i t h  b i r d  4 0 ,  who had  e x h i b i t e d  t h e  b e s t  e v i d e n c e  
o f  h a v i n g  a c q u i r e d  a c h r o m a t i c i t y  c o n c e p t  on  t h e  t r a n s f e r  
t e s t ,  i n  t h e  h o p e s  t h a t  a t e s t  f o r  t h e  MS c o u l d  be  
p e r f o r m e d .  H i s  d i s c r i m i n a t i o n  b e h a v i o r ,  h o w e v e r ,  c o n t i n u e d  
a t  a l ow l e v e l  o f  a c c u r a c y ,  s o  t r a i n i n g  was  d i s c o n t i n u e d .
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K o da c h r o m e  s l i d e s ,  r e s p e c t i v e l y .  The  s e t  o f  K o d a c h r o m e  

s l i d e s  i n c l u d e d  b o t h  c o l o r e d  s l i d e s  a nd  s l i d e s  w h i c h  had  

b e e n  d e s i g n a t e d  a s  a c h r o m a t i c  i n  t h e  p r e v i o u s  s t u d y .  N o t e  

t h a t  t h e  c o n t i n g e n c i e s  o f  r e i n f o r c e m e n t  f o r  t h e  l a t t e r  t y p e  

o f  K o d a c h r o m e  s l i d e  w e r e  t h e  o p p o s i t e  o f  t h o s e  i n  e f f e c t  

d u r i n g  t h e  i m m e d i a t e l y  p r e c e d i n g  s t u d y .

F i l t e r s  T e s t . The  t e s t  c o n s i s t e d  o f  a s i n g l e  s e s s i o n ,  

d u r i n g  w h i c h  53 o f  t h e  r e t r a i n i n g  ( c o n t r o l )  s t i m u l i ,  26 

K o da c h r o m e  and  27 P a n a t o m i c - X ,  a nd  3 e a c h  o f  9 t y p e s  o f  t e s t  

s t i m u l i  w e r e  p r e s e n t e d ,  e a c h  t h r e e  t i m e s  d u r i n g  t h e  s e s s i o n .  

R e s p o n s e s  f o l l o w i n g  c o n t r o l  s t i m u l i  w e r e  r e i n f o r c e d  a s  

d u r i n g  r e t r a i n i n g ;  no r e i n f o r c e m e n t  was  a v a i l a b l e  f o r  

r e s p o n s e s  f o l l o w i n g  t e s t  s l i d e s .  F i v e  t y p e s  o f  t e s t  s t i m u l i  

u s e d  K o d a c h r o m e  s l i d e s  ( a c h r o m a t i c ,  i n  t e r m s  o f  o b j e c t  

p h o t o g r a p h e d )  s a n d w i c h e d  w i t h  o n e  o f  f o u r  Kodak W r a t t e n  

c o l o r  c o r r e c t i n g  m a g e n t a  f i l t e r s  o f  v a r y i n g  s a t u r a t i o n  

(CC05M, CC10M, CC20M, CC40M) o r  w i t h  no f i l t e r .  The  o t h e r  

f o u r  t y p e s  o f  t e s t  s t i m u l i  e m p l o y e d  P a n a t o m i c - X  s l i d e s  

s a n d w i c h e d  w i t h  t h e  c o r r e s p o n d i n g  Kodak  W r a t t e n  c o l o r  

c o r r e c t i n g  g r e e n  f i l t e r s  (CC05G,  CC10G,  CC20G, C C 4 0 G ) . E a ch  

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

p a t t e r n s .
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R e s u l t s

F i g u r e s  3 . 6  t h r o u g h  3 . 9  p r e s e n t  t h e  p e r c e n t a g e  o f  r i g h t  

key  p e c k s  f o r  K o d a c h r o m e  and  P a n a t o m i c - X  s l i d e s  d u r i n g  

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

K o da c h r o m e  s l i d e s  p r e v i o u s l y  c l a s s i f i e d  a s  a c h r o m a t i c ,  w h i c h  

w e r e  t o  b e  r e s p o n d e d  t o  d i f f e r e n t l y  t h a n  d u r i n g  t h e

p r e c e d i n g  s t u d y .  By t h e  e nd  o f  r e t r a i n i n g ,  r e a s o n a b l y  g o o d  

d i s c r i m i n a t i o n  p e r f o r m a n c e  was  e x h i b i t e d  by  a l l  b i r d s ,  a nd  

t h e i r  b e h a v i o r  f o l l o w i n g  t h e  a c h r o m a t i c  K o d a c h r o m e  s l i d e s  

was s i m i l a r  t o  t h a t  f o l l o w i n g  o t h e r  K o d a c h r o m e  s l i d e s .

The  r e s u l t s  o f  t h e  f i l t e r s  t e s t  a r e  p r e s e n t e d  i n  T a b l e  

8 . 4 .  I n  a l l  c a s e s ,  b e h a v i o r  f o l l o w i n g  K o d a c h r o m e  t e s t  

s l i d e s  s e e m e d  t o  b e  l i t t l e  a f f e c t e d  b y  t h e  a d d i t i o n  o f  t h e  

f i l t e r s .  On t h e  o t h e r  h a n d ,  t h e  a d d i t i o n  o f  t h e  two m o s t  

s a t u r a t e d  f i l t e r s  t o  t h e  P a n a t o m i c - X  t e s t  s l i d e s  c a u s e d  

b e h a v i o r  t o  r e s e m b l e  t h a t  f o l l o w i n g  t h e  K o d a c h r o m e  s l i d e s .

The d a t a  i n  T a b l e  8 . 4  a r e  p l o t t e d  i n  F i g u r e s  3 . 1 0  

t h r o u g h  3 . 1 3  a s  a f u n c t i o n  o f  t h e  f i l t e r  n u m b e r  u s e d  i n  t h e  

t e s t  s l i d e s .  (K a nd  P s l i d e s  w i t h  no a d d e d  f i l t e r s  a r e  

p l a c e d  a t  z e r o . )  W h i l e  s a t u r a t i o n  o f  t h e  f i l t e r s  d o e s  

i n c r e a s e  w i t h  f i l t e r  n u m b e r ,  t h i s  s c a l e  s h o u l d  a t  b e s t  b e  

i n t e r p r e t e d  a s  a n  o r d i n a l  l e v e l  s c a l e  f o r  t h e  p i g e o n .  The  

c l e a r e s t  t r e n d  e v i d e n t  i n  t h e s e  f i g u r e s  i s  t h e  i n c r e a s e  i n  

p e r c e n t  r i g h t  w i t h  i n c r e a s i n g  f i l t e r  n u m b e r  on  P a n a t o m i c - X  

t e s t  s l i d e s .  Two o t h e r  f e a t u r e s  o f  t h e  d a t a ,  h o w e v e r ,  a l s o  

d e s e r v e  m e n t i o n .  F i r s t ,  f o r  two o r  t h r e e  o f  t h e  f o u r  b i r d s
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Figure 8.6. Percentage of right key 
pecks during retraining of the Kodachrome 
versus Panatomic-X discrimination for bird 
23. Filled symbols are for Kodachrome 
slides: triangles for those designated as
"achromatic" in the previous training period, 
circles for colored stimuli. Open circles 
are for Panatomic-X slides.



166

P

e

r

c

e

n

t 

R 

i

g
h 

t

700+ 2 3 0

o- 0 - - 0 - - C T

S e n s

Figure 8.7. Percentage of right key 
pecks during retraining of the Kodachrome 
versus Panatomic-X discrimination for bird 
230. See legend of Figure 9.6 for details.



167

SI

700
3 7

p

50

S e s s i o n s

Figure 8.8. Percentage of right key 
pecks during retraining of the Kodachrome 
versus Panatomic-X discrimination for bird 
37. See legend of Figure 9.6 for details.



168

700-

P

50

S e s s i o n  s

Figure 8.9. Percentage of right key 
pecks during retraining of the Kodachrome 
versus Panatomic-X discrimination for bird 
40. See legend of Figure 9.6 for details.

r



169

T a b l e  8 . 4

P e r c e n t  R i g h t D u r i n g F i l t e r s T e s t  2

B i r  d

Ty p e  o f S t i m u l u s 23 230 37 40

C o n t r o l : K o d a c h r o m e 9 6 . 0 8 5 . 5 8 1 . 4 9 1 . 8

P a n a t o m i c - X 1 2 . 8 2 . 4 4 7 . 6 2 0 . 5

K T e s t : n o  f i l t e r 1 0 0 . 0 1 0 0 . 0 8 8 . 9 8 8 . 9

CC05M 8 8 . 9 7 7 . 8 7 7 . 8 9 0 . 0

CC10M 1 0 0 . 0 8 0 . 0 1 0 0 . 0 7 7 . 8

CC20M 1 0 0 . 0 7 7 . 8 8 8 . 9 9 0 . 0
CC40M 1 0 0 . 0 8 8 . 9 8 7 . 5 8 0 . 0

P T e s t : CC05G 4 4 . 4 0 . 0 5 5 . 6 5 0 . 0

CC10G 1 1 . 1 0 . 0 3 3 . 3 3 3 . 3

CC20G 6 6 . 7 4 0 . 0 6 6 . 7 7 7 . 8

CC40G 1 0 0 . 0 8 0 . 0 7 7 . 8 9 0 . 0
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Figure 8. 10.. Percentage of right key pecks as 
a function of the filter number used in test slides 
during Filters Test 2 for bird 23. Filled symbols 
are for Kodachrome film, open symbols for Panatomic-X 
film; triangles are for test stimuli, circles for 
control (C) stimuli. Bars at left show the range and 
median of the previous seven baseline ( B L )  sessions 
for Kodachrome (above) and Panatomic-X (below) 
stimuli.
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Figure 8.11. Percentage of right key pecks as 
a function of the filter number used in test slides 
during Filters Test 2 for bird 230. See legend of 
Figure 9.10 for details.
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Figure 8.12. Percentage of right key pecks as 
a function of the filter number used in test slides 
during Filters Test 2 for bird 37. See legend of 
Figure 9.10 for details.
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Figure 3.13. Percentage of right key pecks as 
a function of the filter number used in test slides 
during Filters Test 2 for bird 40. See legend of 
Figure 9.10 for details.
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( 2 3 ,  40 and  p o s s i b l y  37)  t h e  p e r c e n t a g e  o f  r i g h t  r e s p o n s e s  

i s  h i g h e r  f o l l o w i n g  CC05G P a n a t o m i c - X  t e s t  s l i d e s  t h a n  

f o l l o w i n g  e i t h e r  CC10G P a n a t o m i c - X  t e s t  s l i d e s  o r  

P a n a t o m i c - X  s l i d e s  w i t h  no f i l t e r  ( c o n t r o l  s l i d e s ) .  

S i m i l a r l y ,  t h e r e  i s  a s l i g h t  d e c r e m e n t  i n  t h e  p e r c e n t  r i g h t  

f o r  CC05M K o d a c h r o m e  t e s t  s l i d e s  f o r  t h r e e  o f  t h e  b i r d s  ( t h e  

e x c e p t i o n  i s  4 0 ) .  I t  may b e  t h a t  t h e s e  two t y p e s  o f  t e s t  

s l i d e s  w e r e  m o s t  s u c c e s s f u l  i n  m i m i c k i n g  ( f o r  t h e  p i g e o n )  

t h e  b a c k g r o u n d  o f  t h e  a c h r o m a t i c  K o d a c h r o m e  and  t h e  

P a n a t o m i c - X  s l i d e s ,  r e s p e c t i v e l y .  C o m p a r i n g  s p e c t r a l  

a n a l y s e s  o f  t h e s e  s l i d e s  i s  n o t  e s p e c i a l l y  i n s t r u c t i v e  i n  

i n t e r p r e t i n g  t h e s e  two r e v e r s a l s  ( s e e  A p p e n d i x  C ) .

D i s c u s s i o n

The  r e s u l t s  o f  F i l t e r s  T e s t  2 s h o w e d  t h a t  when f i l t e r s  

o f  s u f f i c i e n t  s a t u r a t i o n  w e r e  s a n d w i c h e d  w i t h  P a n a t o m i c - X  

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

s t i m u l i  b y  p e c k i n g  t h e  r i g h t  r a t h e r  t h a n  t h e  l e f t  k e y .  T h i s  

i n d i c a t e s  t h a t  t h e  p i g e o n s '  d i s c r i m i n a t i o n  b e h a v i o r  w a s ,

i n d e e d ,  c o n t r o l l e d  by  s l i d e  c h r o m a t i c i t y ,  r a t h e r  t h a n  by

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

To d e t e r m i n e  w h e t h e r  b r i g h t n e s s  o r  s t i m u l u s  i n t e n s i t y ,  

r a t h e r  t h a n  c h r o m a t i c i t y ,  m i g h t  h a v e  c o n t r o l l e d  t h e  b i r d s '  

b e h a v i o r ,  t h e  i n t e n s i t i e s  o f  t h o s e  t e s t  s l i d e s  u s i n g  a d d e d  

f i l t e r s  w e r e  m e a s u r e d  u s i n g  a S e a r s  and  R o e b u c k  m o d e l  

3 7 6 . 8 0 5 1 0  l i g h t  m e t e r .  The  a v e r a g e  r e a d i n g s  f o r  t h e  

K o da c h r o m e  t e s t  s l i d e s  w e r e  8 . 5 ,  8 . 7 ,  8 . 2  a n d  3 . 5  u n i t s  f o r



175

t h e  s l i d e s  u s i n g  CC0 5M, CC10M, CC20M a nd  CC40M f i l t e r s ,  

r e s p e c t i v e l y .  The  r a n g e s  i n  i n t e n s i t y  s h owe d  c o n s i d e r a b l e

o v e r l a p  among t h e s e  s u b - g r o u p s ,  a n d  t h e  s l i d e s  w i t h  CC05M 

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

The a v e r a g e  r e a d i n g s  f o r  t h e  P a n a t o m i c - X  s l i d e s  w e r e  8 . 5 ,  

3 . 3 ,  8 . 3  a n d  7 . 9  u n i t s  f o r  t h e  s l i d e s  u s i n g  CC05G,  CC10G and  

CC40G f i l t e r s ,  r e s p e c t i v e l y .  H a r e ,  a r o u g h  c o r r e l a t i o n  

b e t w e e n  f i l t e r  n u m b e r  a nd  i n t e n s i t y  d i d  e x i s t ,  w i t h  f i l t e r  

number  o r  s a t u r a t i o n  n e g a t i v e l y  c o r r e l a t e d  w i t h  b r i g h t n e s s .  

H o we ve r ,  t h e  r a n g e s  i n  i n t e n s i t y  s h o we d  c o n s i d e r a b l e  o v e r l a p  

among t h e  s u b - c l a s s e s ,  a nd  t h e  r a n g e  o f  i n t e n s i t i e s  among 

t h e  s l i d e s  w i t h  CC20M f i l t e r s  e n c o m p a s s e d  t h e  r a n g e  o f

i n t e n s i t i e s  f o u n d  among t h e  s l i d e s  w i t h  e i t h e r  CC05M o r  

CC10M f i l t e r s .  T h u s ,  i t  s e e m s  h i g h l y  u n l i k e l y  t h a t  t h e  

b e h a v i o r  p a t t e r n s  e x h i b i t e d  by  t h e  b i r d s  c o u l d  b e  e x p l a i n e d  

i n  t e r m s  o f  s t i m u l u s  c o n t r o l  b y  b r i g h t n e s s .  F u r t h e r m o r e ,  

t h e  c o n s i d e r a b l e  o v e r l a p  i n  t h e  i n t e n s i t y  r a n g e s  o f  t h e

t r a i n i n g  s t i m u l i  u s e d  i n  E x p e r i m e n t s  I - I I I  ( 6 . 3  t o  11 u n i t s  

and 5 t o  1 0 . 5  u n i t s  f o r  t h e  c h r o m a t i c  and  a c h r o m a t i c  s e t s ,  

r e s p e c t i v e l y )  w o u l d  h a v e  made  t h i s  s t i m u l u s  d i m e n s i o n  a n  

i n c o n s i s t e n t  p r e d i c t o r  o f  r e i n f o r c e m e n t ,  a t  b e s t .  N o t e  t h a t  

t h e  r o u g h  c o r r e l a t i o n  e x i s t i n g  b e t w e e n  c l a s s  m e m b e r s h i p  and  

i n t e n s i t y  w i t h i n  t h e s e  t r a i n i n g  s t i m u l i  was  j u s t  t h e

o p p o s i t e  o f  w h a t  m i g h t  b e  e x p e c t e d  on  t h e  b a s i s  o f  t h e  r o u g h  

c o r r e l a t i o n  e x i s t i n g  b e t w e e n  i n t e n s i t y  a nd  b e h a v i o r  p a t t e r n  

among t h e  P a n a t o m i c - X  t e s t  s t i m u l i .  T h a t  i s ,  t h e  d a r k e r
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t r a i n i n g  s t i m u l i  t e n d e d  r o u g h l y  t o  b e  P a n a t o m i c - X  s l i d e s ,  

w h i c h  c o n t r o l l e d  l e f t  k e y  p e c k s ,  w h i l e  t h e  d a r k e r  t e s t  

s t i m u l i  t e n d e d  r o u g h l y  t o  c o n t r o l  r i g h t  k e y  p e c k s .  F i n a l l y ,  

c o n s i d e r  t h e  o n e  c a s e  i n  w h i c h  two s u b - c l a s s e s  o f  t e s t  

s t i m u l i  s h owe d  l i t t l e  o v e r l a p  i n  t h e i r  r a n g e s  o f  

i n t e n s i t i e s ,  t h e  P a n a t o m i c - X  s l i d e s  w i t h  CC10G f i l t e r s  and 

t h e  K o d a c h r o m e  s l i d e s  w i t h  CC10M f i l t e r s .  H e r e ,  t h e

P a n a t o m i c - X  s l i d e s  w e r e  d a r k e r  t h a n  t h e  K o d a c h r o m e  s l i d e s  

( e x c e p t  f o r  o n e  o f  e a c h  s e t  o f  t h e  s ame  b r i g h t n e s s ) , a n d  y e t  

t h e  f o r m e r  c o n t r o l l e d  l e f t  and  t h e  l a t t e r  r i g h t  k e y  p e c k s ,  

j u s t  t h e  o p p o s i t e  o f  w h a t  w o u l d  b e  e x p e c t e d  on  t h e  b a s i s  o f  

t h e  r o u g h  c o r r e l a t i o n  b e t w e e n  b r i g h t n e s s  and  b e h a v i o r  w h i c h  

e x i s t e d  among t h e  P a n a t o m i c - X  t e s t  s t i m u l i .

I t  was  a p p a r e n t l y  n o t  p o s s i b l e  t o  o b t a i n  a g o o d

m e t a m e r i c  m a t c h  o f  t h e  c o l o r  o f  P a n a t o m i c - X  f i l m  f o r  t h e  

p i g e o n  by c o m b i n i n g  c o l o r - c o r r e c t i n g  m a g e n t a  f i l t e r s  w i t h  

Ko da c h ro me  s l i d e s :  F o r  a l l  b i r d s ,  r i g h t  k e y  p e c k s

p r e d o m i n a t e d  f o l l o w i n g  a l l  K o d a c h r o m e  t e s t  s l i d e s .  The 

CC05M p l u s  K o d a c h r o m e  c o m b i n a t i o n  may h a v e  come c l o s e s t  t o  

t h i s  e n d ,  h o w e v e r ,  s i n c e  m o s t  b i r d s  s ho we d  a s m a l l  d e c r e a s e  

i n  r i g h t  k e y  r e s p o n d i n g  w i t h  t h i s  t y p e  o f  s l i d e .

I t  s e e m s  r e a s o n a b l e  t h a t  t h e  c l a s s  " n o n - P a n a t o m i c - X "

was c h r o m a t i c a l l y  much b r o a d e r  f o r  t h e s e  b i r d s  t h a n  t h e

c l a s s  " P a n a t o m i c - X . "  T h a t  i s ,  t h e  c l a s s  " n o n - P a n a t o m i c - X "  

m i g h t  e n c o m p a s s  a v a r i e t y  o f  s p e c i f i c  b a c k g r o u n d  c o l o r s ,  

i n c l u d i n g  " a c h r o m a t i c  K o d a c h r o m e "  ( i . e . ,  t h e  b a c k g r o u n d
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c o l o r  o f  p h o t o g r a p h s  o f  a n  a c h r o m a t i c  s t i m u l u s  u s i n g  

K oda ch r ome  f i l m ) . I f  t h i s  i s  s o ,  t h e n  t h e  a d d i t o n  o f  a l m o s t  

any s u f f i c i e n t l y  s a t u r a t e d  f i l t e r  t o  a P a n a t o m i c - X  s l i d e  

would  p r o b a b l y  h a v e  s u c c e e d e d  i n  p r o d u c i n g  i n c r e a s e d  r i g h t  

key r e s p o n d i n g ,  w h e t h e r  o r  n o t  t h e  r e s u l t i n g  c o m b i n a t i o n  

a p p e a r e d  s i m i l a r  t o  " a c h r o m a t i c  K o d a c h r o m e . "  The  

P a n a t o m i c - X  t e s t  s l i d e s  e m p l o y i n g  t h e  two m o s t  s a t u r a t e d

g r e e n  f i l t e r s  s h o u l d  p r o b a b l y  b e  i n t e r p r e t e d  i n  t h i s  l i g h t .  

On t h e  o t h e r  h a n d ,  t h e  f a c t  t h a t  t h e  P a n a t o m i c - X  t e s t  s l i d e  

f u n c t i o n s  i n  F i g u r e s  3 . 1 0  and  3 . 1 3  ( a n d  p o s s i b l y  3 . 1 2 )  a r e  

n o t  m o n o t o n i c  m i g h t  p e r h a p s  i n d i c a t e  t h a t  t h e r e  i s  s o m e t h i n g  

s p e c i a l  a b o u t  t h e  CC05G p l u s  P a n a t o m i c - X  c o m b i n a t i o n .  I f  

t h i s  w e r e  i n t e r p r e t e d  a s  a r e l a t i v e l y  g o o d  m a t c h  t o  

" a c h r o m a t i c  K o d a c h r o m e "  f o r  t h e s e  two p i g e o n s ,  t h e n  t h e

CC10G p l u s  P a n a t o m i c - X  t e s t  s l i d e s  w o u l d  r e p r e s e n t  s t i m u l i  

f a i l i n g  t o  f a l l  i n t o  e i t h e r  t h e  s u b - c l a s s  " a c h r o m a t i c

Ko da c h r o m e "  o r  " o t h e r  c o l o r s . "



CHAPTER 9 

GENERAL DISCUSSION

The  r e s e a r c h  d e s c r i b e d  h e r e i n  b e g a n  w i t h  t h e  q u e s t i o n  

o f  w h e t h e r  p i g e o n s  s h o u l d  b e  e x p e c t e d  t o  a c q u i r e  a 

M c C o l l o u g h  e f f e c t ,  a nd  t h e n  s e t  o u t  t o  d e t e r m i n e  w h e t h e r  

t h e y  do i n  f a c t  a c q u i r e  t h e  e f f e c t .  The  s t r a t e g y  was  f i r s t

to " i n s t r u c t "  t h e  b i r d s  t o  " r e p o r t "  on  w h e t h e r  s l i d e s

c o n t a i n e d  a n y  c o l o r ,  b y  t e a c h i n g  t h e m a g e n e r a l  c h r o m a t i c i t y  

c o n c e p t .  I n  E x p e r i m e n t  I ,  t h e n ,  t h e  b i r d s  w e r e  t r a i n e d  t o  

p e c k  a r i g h t  k e y  f o l l o w i n g  e x p o s u r e  t o  c o l o r e d  s l i d e s  a nd  t o  

p e c k  a l e f t  k e y  f o l l o w i n g  e x p o s u r e  t o  a c h r o m a t i c  s l i d e s .

T h i s  d i f f e r e n t i a l  b e h a v i o r  was  s hown t o  p e r s i s t  when n o v e l

c o l o r e d  and  a c h r o m a t i c  s t i m u l i  w e r e  p r e s e n t e d  t o  t h e  b i r d s .  

T h u s ,  r i g h t  k e y  p e c k s  w e r e  i n t e r p r e t e d  a s  " r e p o r t s "  o f  

c o l o r .  I n  E x p e r i m e n t  I I ,  t h e  c o n d i t i o n s  known t o  p r o d u c e  a 

ME i n  humans  w e r e  a r r a n g e d  f o r  t h e  p i g e o n s ,  b u t  no e v i d e n c e  

o f  a ME w as  f o u n d :  A c h r o m a t i c  t e s t  s t i m u l i  w e r e  s t i l l

t y p i c a l l y  f o l l o w e d  b y  l e f t  k e y  p e c k s ,  w h e r e a s  p s e u d o - M E  t e s t  

s t i m u l i ,  p r e p a r e d  t o  m i m i c k  t h e  f a i n t l y  c o l o r e d  a p p e a r a n c e  

o f  a human ME, w a r e  t y p i c a l l y  f o l l o w e d  b y  r i g h t  k e y  p e c k s .  

In E x p e r i m e n t  I I I ,  o n e  p o s s i b l e  e x p l a n a t i o n  o f  t h e  r e s u l t s  

o f  E x p e r i m e n t  I I  was  r u l e d  o u t :  B e c a u s e  e v i d e n c e  o f

c h r o m a t i c  a d a p t a t i o n  was  o b t a i n e d ,  t h e  s u g g e s t i o n  t h a t  t h e  

b i r d s  w e r e  somehow a b l e  t o  d i s c r i m i n a t e  a n  " i l l u s o r y "  

c h r o m a t i c  AE f r om " t r u e "  c o l o r e d  s t i m u l i ,  and  t h u s
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"reported" only the latter to be colored, was shown to be 

untenable. Experiment IV, however, showed that the birds'

behavior may have been misinterpreted: The birds'

discrimination behavior was shown at that point to be under 

the control of subtle differences in the chromatic

characteristics of the two classes of film type used in 

preparing the "colored" and "achromatic" slides, rather than 

being under the control of the foreground or object

chromaticity, as was the case for the experimenter. It

seems important, therefore, to take another look at the

results of Experiments I-III.

Interpreting Experiments I-111 in the Light of Experiment IV

The correct interpretation of Experiment I is now

fairly clear: The birds used in the present research

certainly did acquire a concept, since their discrimination 

behavior transferred to novel instances of the two classes 

of stimuli. However, it now seems inappropriate to call the 

concept they demonstrated "chromaticity," since their

discrimination behavior was later shown to be under the 

control of film type. On the other hand, Filters Test 2 did 

indicate that it was, indeed, the chromaticity of the film 

types that controlled the birds' behavior. Thus, it might 

be appropriate to call the concept which they demonstrated 

"the color of Panatomic-X versus all other colors."

It should be pointed out that we cannot determine
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whether film type controlled the birds' behavior throughout 

the entire series of experiments, or whether the stimuli 

controlling their behavior changed at some point. For 

example, following the first introduction of the pseudo-ME 

slides, the birds were explicitly trained to include these 

slides in the "chromatic" set. This may have had the effect 

of training the birds to attend to the subtle background 

differences which may have been more salient than the 

desaturated colors associated with the grids. Note that 

bird 230 generally pecked the left key whan the pseudo-ME 

slides were first introduced, and only learned to peck the 

right key in this situation after being reinforced for doing 

so (see Figures 6.2 and 6.8). Another point at which the 

stimuli controlling the birds' behavior might have changed 

was prior to Experiment III. At this time the birds ware 

given fairly extensive explicit training with "colored" 

slides having quite desaturated hues in the background only. 

These were intended to mimick the expected appearance of the 

the "achromatic" slides following chromatic adaptation.

The correct interpretation of Experiment II is not 

nearly so clear. If the birds' discrimination behavior was 

under the control of film type throughout the experiment, 

then we must conclude that we lack any relevant evidence 

whatsoever as to the existence of the ME in pigeons, for the 

birds' behavior must be interpreted as "reports" of the type 

of film of a given test slide rather than of the
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presence/absence of color. In this case, left key pecks 

would be expected following the test slides (prepared with 

Panatomic-X film) regardless of whether a ME had been 

acquired or not. Again, the fact that the birds pecked the 

left key following psuedo-ME slides prepared with 

Panatomic-X film during Film Base Test 1 is telling.

If the stimulus dimension controlling the birds' 

discrimination behavior changed during the course of this

research, as suggested above, it is interesting that the 

nature of their responses to the ME test stimuli did not. 

It should be noted that the explicit training with the

pseudo-ME slides occurred between ME induction procedures 2 

and 3, and that the training preceding Experiment III took 

place between procedures 3 and 4. Obviously, even if it is 

suspected that a change in stimulus control occurred during 

Experiment II, the evidence that this is so is now

i rretrievable.

The results of Experiment IV do not change our

interpretation of Experiment III, unlike in the case of

Experiments I and II. Despite the fact that the birds'

behavior was most likely under the control of film type at

that time, the birds still tended to peck the right key in

response to Panatomic-X slides during green or red

components. That is, the effect of exposure to the intense 

colored lights was large enough to alter the chromatic 

appearance of the Panatomic-X slides.
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On the Difficulty of Communicating with Animals

Perhaps the most common source of arguments and 

disputes among people is the unrecognized failure to use a 

given word in the same way. Do humans have instincts? Is 

Albert Bandura a behaviorist? Is Jimmy Carter a liberal? 

Is socialism good? People may argue such questions for

hours or decades, only to find that they mean something

quite different than their opponent does by the term

"instinct," "behaviorist," "liberal," or "good." In other 

words, they and their opponent have failed to communicate.

To say that two people "mean" something different whan

using the same word is, of course, to say that their verbal

behavior is under the control of different stimulus

characteristics. The potential for such problems in 

communication exists because in any given situation the

stimuli available to gain control over behavior are myriad. 

The particular aspect of the universe which comes to control 

emitting the word "socialist" may thus vary for different 

individuals, particularly if their reinforcement history 

with respect to uttering the term differs.^" Even in 

members of the same species with similar reinforcement 

histories, however, differences in the "meaning" of a 

behavior may occur. Reynolds (1951), for example, trained

See Skinner (1957) for a discussion of verbal behavior 
and, e.g., Johnson and Cumming (1958) for an example of how 
reinforcement history can determine what aspect of the 
environment gains control over behavior.
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two pigeons to discriminate between a triangle with a red 

background and a circle- with a green background by 

reinforcing pecks to the former stimulus compound. In a 

subsequent test in which the subjects were presented the 

patterns and colors separately, one pigeon pecked the 

triangle and the other the red key almost exclusively. That 

is, for one pigeon pecking was controlled by color, while

for the other pigeon it was controlled by form. We could

say that for one pigeon pecking meant "it's red," while for

the other it meant "it's a triangle."

The Reynolds results is in fact out of the ordinary: 

More commonly, given the same reinforcement history, members 

of the same species tend to come under the control of the 

same stimulus dimensions. It is said, for example that 

color is a "salient" cue for birds (Wilcoxon, Dragoin, &

Krai, 1971; see also Randich, Klein, & LoLordo, 1978) while 

taste is "salient" for rats (Revusky & Garcia, 1970). In

part, this type of difference across species doubtless

reflects differences in sensory equipment.^ Thus, problems 

of communication, where a given behavior (be it verbal or 

otherwise) is under the control of different stimulus 

dimensions for two individuals, are much more likely to 

occur between species than within a species. Such a lack of

1 Both behavior (tendency to come under stimulus control 
of "salient" cues) and physiology doubtless were shaped by 
the contingencies of survival, to use Skinner's (1974) 
terms.
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communication was dramatically exemplified in Experiment XV, 

which demonstrated that the behavior of the pigeon subjects 

was under the control of a different stimulus dimension than 

was that of the human experimenter.

Greene (Note 2) has recently described a similar case

of an interspecies difference in stimulus control, again 

between pigeons and people. The experimenter sorted slides 

according to whether or not they contained a picture of a

particular person (Steve). The pigeon subjects were

reinforced for pecking those slides which contained the 

person, and exhibited transfer to novel slides also 

containing pictures of Steve. However, the pigeons also 

pecked slides of scenes not containing Steve but which had

appeared as the background in former training slides in

which Steve had appeared. That is, while the experimenter's 

sorting behavior was under the control of "Steve present," 

the pigeons' pecking behavior was under the control of 

something like "Steve or one of his hang-outs present."

In an interesting paper, Gleitman (1974) described a 

general method for "getting animals to understand the 

experimenter's instructions" which corresponds very closely 

to the strategy employed in the present research.

Specifically, Gleitman suggested that the animal should 

first be taught to abstract a particular concept, and that 

the question of interest might then be posed. The first

stage corresponds to the expeimenter's instructing the
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animal subjects. What must be added to Gleitman's paradigm 

is the exhortation that the experimenter make sure, in 

teaching the concept, that only the relevant stimulus 

dimension be available to control the animal's behavior. 

Especially in the case of instructing or communicating with 

another species, the experimenter cannot assume that the 

animal "won't pay attention to the background" or "won't pay 

attention to the film type"!

Assessment of Research Strategy;The ME in Pigeons

The research strategy followed in assessing whether 

pigeons acquire a ME involved first an "instruction" phase, 

in which the subjects were presumably trained to 

discriminate "chromatic" from "achromatic" stimuli. The 

importance of controlling for film type in this initial, 

"instruction" phase has been clearly demonstrated. However, 

even if film type were controlled for, how might the 

resulting conceptual behavior best be characterized? Would 

the designation "achromatic" (left key peck) "mean" the same 

thing for pigeon and person? For the human, the concept 

"achromatic" doubtless has as its basis the appearance of 

sunlight. Other stimuli categorized as "white" or 

"achromatic" may not have exactly the same spectral 

composition, but the human observer does not discriminate 

among them. Given that the pigeon processes color 

information differently than the human does (see Chapter 2), 

it seems unlikely that stimuli with differing spectral
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characteristics which for the one species "match" will 

necessarily "match” for members of the other species. In 

order to determine whether the human concept "achromatic" is 

isomorphic with the pigeon category "achromatic," one would 

have to introduce generalization tests including, in 

addition to novel slides, novel light sources. Again, it 

seems unlikely that these categories would prove isomorphic 

for the two species.

If the category "achromatic" were indeed found to 

differ for pigeon and person, it is important to consider 

what effect this might have upon the likelihood of

demonstrating a ME in the pigeon. Suppose, for example, 

that an "achromatic" slide appeared to the pigeon not 

sunlight-like, but as a distinct hue, call it "beyaz."

Might the presence of "beyaz" in effect mask a ME even if it 

had been acquired? A study reported by Murch (1979) 

suggests that it would not. Subjects were adapted to

horizontal and vertical gratings with red or blue 

backgrounds for 30 min, and then presented with each of a 

horizontal and vertical test grating containing a central 

patternless patch. The subjects were required to vary the 

spectral characteristics of the patch until it matched the 

appearance of the surrounding area; the difference in

settings for patches within horizontal and vertical test 

gratings served as a measure of the strength of the ME. In 

three conditions, the test gratings were presented either in



1 8 7

"white," broad band green, or narrow band green light; each 

condition produced equally strong MEs. Furthermore, the 

subjects reported that the test patterns, when viewed in 

green light appeared yellowish orange (vertical grid) or 

bluish green (horizontal grid), so that the effect was great 

enough to be apparent even without appealing to the more 

sensitive matching data. Of course, certain hues might be 

more likely to mask a ME than others. For example, a pink 

AE might not affect the appearance of a red test grating. 

On the other hand, as long as the background hue were not 

too saturated and the test stimuli contained both grating 

orientations situated adjacent to one another, a contrast 

between the two areas should be apparent.

The above considerations suggest that the acquisition 

of a "chromaticity" concept, even if not isomorphic with the 

human concept, should allow subsequent detection of a ME. 

However, such a broad and general dichotomy as

"chromatic-achromatic" may not be as sensitive as another,

"more explicit," set of instructions. Specifically, it is 

suggested that all training slides contain two or more areas 

where black stripes are oriented at right angles, as in the 

case of the ME test slides used in the present research.

Two classes of slides would differ in terms of whether the

color associated with the stripes in the two different 

orientations was the same or different. Thus, one class of 

slides would be chromatically homogeneous, or all one color,
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while the other class of slides would contain two colors, 

similar to the pseudo-ME test slides of the present 

research. After one behavior was reinforced in the presence 

of one class of stimuli and another in the presence of the 

other class of stimuli, transfer tests could assess whether 

or not the abstract concept "one color versus two colors" 

had been acquired. Following ME adaptation, if properly 

oriented ME test si ides^ controlled behavior appropriate 

to the two-color class of stimuli, it would be concluded 

that pigeons acquire the ME.

This research has unfortunately not been able to offer 

a solution to the problem originally posed. Additional 

evidence was provided that pigeons experience simple 

chromatic AEs, but the more interesting question of whether 

they acquire a contingent chromatic AE, the ME, remains 

unanswered. It is hoped, however, that some understanding 

has been gained of the intricate methods by which this 

question, and other questions requiring "communication" with 

animal subjects, may be answered in further research.

Adaptation and test stimuli will differ from those used 
in the present research by using a higher spatial frequency, 
at 4 to 5 cycles per degree. (See Discussion, Chapter 5.)
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APPENDIX A 

ACQUISITION DATA, EXPERIMENT I

F i g u r e s  A . l  t h r o u g h  A . 4 i n c l u d e  t h e  d a t a  o f  F i g u r e s  5 . 4  

t h r o u g h  5 . 7  w h i c h  s ho we d  b e h a v i o r  on  t h e  f i r s t  d a y  e a c h  new

c o l o r  was  a d d e d  t o  t h e  c h r o m a t i c  s e t  o f  s t i m u l i .  A l s o

i n c l u d e d ,  h o w e v e r ,  a r e  t h e  d a t a  f o r  s u b s e q u e n t  s e s s i o n s .  I n  

e a c h  c a s e ,  s e v e n  s e s s i o n s  o r  m o r e  ( e n o u g h  s o  t h a t  r e s p o n d i n g  

t o  new and  o l d  c o l o r s  i s  r o u g h l y  e q u i v a l e n t )  a r e  s h o w n .

T a b l e  A . l  e x p a n d s  u p o n  T a b l e  5 . 3  w h i c h  s h o w e d  t h e

n um b e r  o f  s e s s i o n s  r e q u i r e d  t o  r e a c h  70%,  80% and  90%

c o r r e c t  o n  e a c h  new c o l o r .  T a b l e  A . l  s h o w s  t h e  n u m b e r  o f  

s t i m u l i  p r e s e n t e d  by  t h e  t i m e  t h e s e  c r i t e r i a  w e r e  r e a c h e d ,  

s i n c e  a s e s s i o n  i n c l u d e d  f e w e r  new s t i m u l i  a s  m o r e  new 

c o l o r s  w e r e  a d d e d .  No l e a r n i n g - t o - l e a r n  i s  e v i d e n t  h e r e ,  a s  

was  t h e  c a s e  f o r  t h e  s e s s i o n s  t o  c r i t e r i o n  d a t a .
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Figure A.l. Percentage of right responses on the first several sessions 
that each new color Cgreen, G; red, R; orange, 0; yellow, Y; violet, V; blue,
B) was added to the chromatic set during Experiment I for bird 23. Filled 
symbols are for colored slides: circles, old color Is); triangles, new color.
Open circles are for achromatic slides. Bars indicate the range and median 
of the seven days prior to each new color addition for colored (upper bars) 
and achromatic CLower bars) stimuli. (For birds 23 and 230, the filled circles 
during G and during 0 following the first session are for new and old colors 
combined.1
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Figure A.2. Percentage of right responses on the first several sessions 
that each new color was added to the chromatic set during Experiment I for bird 
230. See legend of Figure A.l for details.
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Figure A.3. Percentage of right responses on the first several sessions 
that each new color was added to the chromatic set during Experiment I for bird 
37, See legend of Figure A.l for details.
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Figure A.4. Percentage of right responses on the first several sessions 
that each new color was added to the chromatic set during Experiment I for 
bird 40. See legend of Figure A.l for details.
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Table A.l 
Number of Exposures to New Colored 
Stimuli by the End of the Sessions 

Reaching Various Criteria During Experiment I.

New No. Exposures to Criterion
Bird Color 70% 80% 90%

23 G a a a
0 48 48 48
Y 24 72 96
V 20 20 20

B 16 16 96
230 G a a a

0 24 24 24
Y 12 12 60
V 10 20 20
B 24 32 40

37 R 25 25 125
0 288 312 312
B 12 12 12

V 10 10 10
Y 8 8 32

40 R 25 25 25
0 24 288 312
B 12 12 12

V 10 10 10
Y 8 8 16

a Information not available.



APPENDIX B

THE TIME-COURSE OF AFTERIMAGE DECAY IN PIGEONS

I n  e x p e r i m e n t  I I I ,  e v i d e n c e  w as  p r e s e n t e d  t h a t  

c h r o m a t i c  a d a p t a t i o n  c h a n g e s  t h e  p i g e o n ' s  e x p e r i e n c e  o f  

c o l o r .  A n o t h e r  s i m p l e  AE w h i c h  i s  c l o s e l y  r e l a t e d  t o  

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

o c c u r s  f o l l o w i n g  e x p o s u r e  t o  a l i g h t  w h i c h  i s  mor e  

r e s t r i c t e d  s p a t i a l l y  a n d / o r  t e m p o r a l l y  t h a n  t h a t  p r o d u c i n g  

c h r o m a t i c  a d a p t a t i o n .  F o r  e x a m p l e ,  a f t e r  o b s e r v i n g  a b r i e f  

i n t e n s e  l i g h t  ( c a l l e d  t h e  p r i m a r y  s t i m u l u s ) ,  human s u b j e c t s  

r e p o r t  a n  a f t e r i m a g e  w h i c h  h a s  t h e  s ame  s h a p e  a s  t h e  p r i m a r y  

s t i m u l u s ,  i s  r e s t r i c t e d  t o  t h e  r e t i n a l  l o c u s  o f  s t i m u l a t i o n  

( s o  t h a t  i t  a p p e a r s  t o  move a s  t h e  e y e  i s  m o v e d ) , and  may b e  

o f  t h e  s ame  o r  o p p o s i t e  b r i g h t n e s s  r e l a t i o n s  and  o f  t h e  same  

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

a f t e r i m a g e  may p e r s i s t  f o r  up t o  e i g h t  m i n  o r  m o r e  ( A l p e r n  & 

B a r r ,  1 9 6 2 ) ,  and  may c h a n g e  i n  h u e ,  b r i g h t n e s s  r e l a t i o n s  and 

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

a f t e r i m a g e  d e p e n d  u p o n  t h e  i n t e n s i t y ,  d u r a t i o n ,  and  h u e  o f  

t h e  p r i m a r y  s t i m u l u s ,  t h e  i n t e n s i t y  and  h u e  o f  t h e  

b a c k g r o u n d  f i e l d  u p o n  w h i c h  t h e  a f t e r i m a g e  i s  p r o j e c t e d ,  and  

v a r i o u s  c o n d i t i o n s  o f  t h e  s u b j e c t  ( s e e  B r o w n ,  1 9 6 5 ,  f o r  a 

r e v i e w ) .  G i v e n  t h a t  b i r d s  a r e  s u b j e c t  t o  c h r o m a t i c  

a d a p t a t i o n ,  i t  s e e m s  l i k e l y  t h a t  t h e y  s h o u l d  a l s o  e x p e r i e n c e  

a f t e r i m a g e s .  I n d e e d ,  S w i n d l e  ( 1 9 1 6 )  c o n c l u d e d  t h a t  o w l s  and
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c o c k a t o o s  d o ,  b y  n o t i n g  t h a t  t h e y  m i s s e d  o r  f e l l  o f f  t h e i r  

p e r c h  a f t e r  b e i n g  e x p o s e d  f i r s t  t o  a b r i e f  i n t e n s e  l i g h t  and  

t h e n  t o  d a r k n e s s .  The  s u g g e s t i o n  w as  t h a t  t h e  b i r d s  w e r e  

a i m i n g  t o w a r d  t h e  a f t e r i m a g e  o f  t h e i r  p e r c h ,  w h i c h  w o u ld  

move w i t h  h e a d  o r  e y e  m o v e m e n t s ,  r a t h e r  t h a n  t o w a r d  t h e

p e r c h  i t s e l f .

I n  t h i s  s t u d y  a n  a t t e m p t  was  made  t o  d e m o n s t r a t e  

a f t e r i m a g e s  i n  p i g e o n s ,  a g a i n  u s i n g  t h e  a p p a r a t u s ,  s u b j e c t s  

a nd  g e n e r a l  p r o c e d u r e  o f  E x p e r i m e n t s  I - I I I .  A p h o t o g r a p h i c  

s t r o b e  f l a s h  was  e m p l o y e d  a s  t h e  p r i m a r y  s t i m u l u s ,  w h i c h  f o r  

t h e  human p r o d u c e s  a p i n k  a f t e r i m a g e  l a s t i n g  two o r  t h r e e  

m i n .  I f  t h i s  w e r e  a l s o  t h e  c a s e  f o r  p i g e o n s ,  r e p o r t s  o f

c o l o r  ( r i g h t  k e y  p e c k s )  s h o u l d  o c c u r  w i t h  a c h r o m a t i c  s l i d e s  

f o r  a s  l o n g  a s  t h e  a f t e r i m a g e  p e r s i s t e d .  I t  was  h o p e d  t h a t

t h e  t i m e - c o u r s e  o f  a f t e r i m a g e  d e c a y  c o u l d  b e  t r a c k e d  mo r e  

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

d u r a t i o n  was  e x p e c t e d  t o  b e  c o n s i d e r a b l y  l o n g e r .

M e t h o d s

S u b j  e c t s

The  s ame  f o u r  p i g e o n s  w e r e  e m p l o y e d  a s  s e r v e d  i n

E x p e r i m e n t s  I ,  I I ,  a n d  I I I .

A p p a r a t u s

The  same  e x p e r i m e n t a l  c h a m b e r  a s  u s e d  i n  t h e  p r e v i o u s  

e x p e r i m e n t s  was  e m p l o y e d .  I n  a d d i t i o n ,  a 15 b y  1 3 . 5  by  5 . 5  

cm f r a m e  was  a f f i x e d  t o  t h e  o u t s i d e  o f  t h e  v i e w i n g  s l e e v e .  

W i t h i n  t h i s  f r a m e  was  p l a c e d  a 5 b y  11 b y  5 . 5  cm box
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c o n t a i n i n g  a H o n e y w e l l  A u t o / S t r o b o n a r  110 f l a s h ,  w h i c h  c o u l d  

be  moved m a n u a l l y  t o  a p o s i t i o n  e i t h e r  d i r e c t l y  b e h i n d  o r  

a b o v e  t h e  b a c k  p r o j e c t i o n  s c r e e n .  A t r a p e z o i d a l - s h a p e d  m a sk  

was  p l a c e d  o v e r  t h e  f a c e  o f  t h e  f l a s h .  A g r e e n  10 W b u l b

was  a l s o  m o u n t e d  10 cm f r o m  t h e  s c r e e n  a nd  o u t  o f  t h e  p a t h

o f  t h e  s l i d e  p r o j e c t o r  b e am .

S t i m u l i

Two s e t s  o f  s l i d e s  w e r e  s e l e c t e d  f r o m  t h e  p o o l  e m p l o y e d

i n  E x p e r i m e n t s  I - I I I ,  o n e  f o r  b a s e l i n e  a nd  o n e  f o r  t e s t

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

c o l o r s  i n c l u d i n g  s l i d e s  w i t h  p i n k  a r e a s  r e s e m b l i n g  t h e  

a f t e r i m a g e  p r o d u c e d  by  t h e  f l a s h  f o r  t h e  e x p e i m e n t e r .  

P r o c e d u r e

B a s e l i n e  s e s s i o n s  w e r e  a s  i n  t h e  p r e c e d i n g  e x p e r i m e n t s .  

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

b e t w e e n  . 1  a n d  . 4 ,  b e i n g  i n c r e a s e d  i f  d i s c r i m i n a t i o n  

b e h a v i o r  d e t e r i o r a t e d .

D u r i n g  t e s t  s e s s o n s ,  two t y p e s  o f  s i x - m i n  c o m p o n e n t s  

o c c u r r e d  i n  a l t e r n a t i o n .  I n  o n e  t y p e  ( f l a s h  c o m p o n e n t s ) ,

t h e  f i r s t  e n t r y  o f  t h e  h e a d  i n t o  t h e  v i e w i n g  s l e e v e  p r o d u c e d  

t h e  f l a s h ,  w h i l e  i n  t h e  o t h e r  t y p e  ( g r e e n  c o m p o n e n t s )  i t  

p r o d u c e d  a p p r o x i m a t e l y  . 5  s e c  e x p o s u r e  t o  t h e  d i m  g r e e n  

l i g h t .  At  a l l  o t h e r  t i m e s ,  t h e  p r o c e d u r e  a nd  r e i n f o r c e m e n t  

c o n t i n g e n c i e s  w e r e  t h e  same  a s  d u r i n g  b a s e l i n e  s e s s i o n s ,  

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

b e i n g  . 1  o r  . 2 .  The  t i m e ,  r e l a t i v e  t o  t h e  o c c u r r e n c e  o f  t h e
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f l a s h  o r  d i m  g r e e n  l i g h t ,  a t  w h i c h  k e y  p e c k s  w a r e  e m i t t e d  

was  r e c o r d e d .  T h i s  was  d o n e  f o r  e a c h  o f  t h e  f o u r  t y p e s  o f  

r e s p o n s e s :  r i g h t  o r  l e f t  p e c k s  f o l l o w i n g  c o l o r e d  o r

a c h r o m a t i c  s l i d e s .  F o u r  t e s t  s e s s i o n s  w e r e  c a r r i e d  o u t  w i t h  

a t  l e a s t  t h r e e  b a s e l i n e  s e s s i o n s  i n t e r v e n i n g .

R e s u l t s

F i g u r e s  B . l  t h r o u g h  B . 4  s ho w t h e  c o m b i n e d  d a t a  f r o m  a l l  

t e s t  s e s s i o n s  f o r  b i r d s  2 3 ,  2 3 0 ,  37 a n d  4 0 ,  r e s p e c t i v e l y .  

The p e r c e n t a g e  o f  r i g h t  k e y  p e c k s  f o l l o w i n g  c o l o r e d  and 

a c h r o m a t i c  s l i d e s  a r e  p l o t t e d  f o r  s u c c e s s i v e  3 0 - s e c  

i n t e r v a l s  o f  t h e  f l a s h  and  g r e e n  c o m p o n e n t s .  The  f o l l o w i n g  

w e r e  e x p e c t e d :  ( a )  a h i g h e r  p r o p o r t i o n  o f  r i g h t  k e y  p e c k s

f o l l o w i n g  a c h r o m a t i c  s l i d e s  d u r i n g  t h e  f l a s h  t h a n  d u r i n g  t h e  

g r e e n  c o m p o n e n t s ;  (b)  a g r a d u a l  d e c l i n e  i n  t h e  p r o p o r t i o n  o f  

r i g h t  k e y  p e c k s  f o l l o w i n g  a c h r o m a t i c  s l i d e s  d u r i n g  t h e  f l a s h  

i n t e r v a l s .  C l e a r l y ,  n e i t h e r  o f  t h e s e  r e s u l t s  o b t a i n e d .  I t  

s h o u l d  be  n o t e d ,  h o w e v e r ,  t h a t  F i g u r e s  B . l  t h r o u g h  B . 4  a r e  

b a s e d  u po n  a f a i r l y  s m a l l  n u m b e r  o f  r e s p o n s e s ;  t h i s  i s  

e s p e c i a l l y  t r u e  d u r i n g  t h e  f l a s h  c o m p o n e n t s .  F i g u r e s  B . 5  

a nd  B .6  show t h e  t o t a l  n u m b e r  o f  r e s p o n s e s  e m i t t e d  d u r i n g  

s u c c e s s i v e  3 0 - s e c  i n t e r v a l s  o f  t h e  c o m p o n e n t s ,  a g a i n  f o r  a l l  

t e s t  s e s s i o n s  c o m b i n e d ,  f o r  e a c h  b i r d .  The  f i n d i n g  t o  be  

n o t e d  i s  t h a t  many  f e w e r  r e s p o n s e s  w e r e  e m i t t e d  a t  t h e  

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

2 3 0 ,  f o r  e x a m p l e ,  made  no r e s p o n s e s  a t  a l l  d u r i n g  a n y  o f  t h e  

f i r s t  3 0 - s e c  f l a s h  i n t e r v a l s .  T h i s  r e d u c e d  l e v e l  o f
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Figure B.l. Percentage of right responses 
during successive 30-sec intervals of components 
beginning with a flash (triangles) or a dim 
green light (.circles) during four test sessions 
combined for bird 23, Filled symbols are for 
colored stimuli, open symbols for achromatic 
stimuli.
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Figure B.2. Percentage of right responses 
during successive 30-sec intervals of components 
beginning with a flash or a dim green light for 
bird 230. See legend of Figure B.l for details.
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Figure B.3. Percentage of right responses 
during successive 30-sec intervals of components 
beginning with a flash or a dim green light for 
bird 37. See legend of Figure B.l for details.
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Figure B.4. Percentage of right responses 
during successive 30-sec intervals of components 
beginning with a flash or a dim green light for 
bird 40. See legend of Figure B.l for details.
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Figure B.5. Total number of responses 
emitted during successive 30-sec intervals 
beginning with a flash (open triangles) or a 
dim green light Cfilled circles) for four 
test sessions combined. The upper portion is 
for bird 23, the lower portion for bird 37.
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Figure b .6. Total number of responses 
emitted during successive 30-sec intervals 
beginning with a flash or a dim green light 
for birds 230 Cupper portion! and 40 Glower 
portion!. See legend of Figure B.5 for 
details.
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r e s p o n d i n g  o c c u r r e d  f o r  a l l  b i r d s  and  l a s t e d  f o r  f r o m  o n e  t o  

f o u r  m i n .

D i s c u s s i o n

E v i d e n c e  o f  a f t e r i m a g e s  i n  p i g e o n s  was  n o t  f o u n d  i n  

t h i s  s t u d y .  I t  s e e m s  l i k e l y ,  h o w e v e r ,  t h a t  t h e  p r o c e d u r e  

e m p l o y e d  w as  i n a d e q u a t e ,  s o  t h a t  i t  s h o u l d  n o t  n e c e s s a r i l y  

be  c o n c l u d e d  t h a t  p i g e o n s  d o  n o t  e x p e r i e n c e  a f t e r i m a g e s .  

F i r s t  o f  a l l ,  t h e  p r i m a r y  s t i m u l u s  u s e d  s u p p r e s s e d  b e h a v i o r  

e x a c t l y  d u r i n g  t h e  p e r i o d  when t h e  a f t e r i m a g e s  w e r e  e x p e c t e d  

t o  o c c u r .  I t  i s  e v e n  p o s s i b l e  t h a t  t h e  b i r d s  s t o p p e d  

r e s p o n d i n g  u n t i l  t h e  a f t e r i m a g e  f a d e d .  On t h e  o t h e r  h a n d ,  

b i r d s  23 a nd  37 made  a r e l a t i v e l y  l a r g e  n u m b e r  o f  r e s p o n s e s  

d u r i n g  t h e  c r i t i c a l  p e r i o d  and  y e t  s h o we d  no e v i d e n c e  o f  

a f t e r i m a g e s .  I t  may b e  t h a t  t h e  b i r d s  e x p e r i e n c e d

a f t e r i m a g e s ,  b u t  t h a t  t h e  a f t e r i m a g e s  d i d  n o t  a p p e a r  

c o l o r e d .  Evan  i n  h u m a n s ,  t h e  a f t e r i m a g e  o f  a s t i m u l u s  s u c h  

a s  t h a t  e m p l o y e d  h e r e  i s  s o m e t i m e s  r e p o r t e d  t o  b e  w h i t i s h  

r a t h e r  t h a n  p i n k  ( B r o w n ,  1955)  .

A m o r e  a d e q u a t e  p r o c e d u r e  f o r  d e m o n s t r a t i n g  a f t e r i m a g e s  

i n  t h e  p i g e o n  m i g h t  i n c l u d e  u s i n g  a c o l o r e d  p r i m a r y  

s t i m u l u s ,  w h i c h  w o u l d  be  m o r e  l i k e l y  t o  p r o d u c e  a c o l o r e d  

a f t e r i m a g e .  A l s o ,  r a t h e r  t h a n  u s i n g  a d i s c r e t e  t r i a l

1
T h i s  was  o r i g i n a l l y  p l a n n e d  f o r  t h e  p r e s e n t  e x p e r i m e n t .  

H o w e v e r ,  i t  w as  f o u n d  t h a t  t h e  b a c k - p r o j e c t i o n  s c r e e n  
s u b s t a n t i a l l y  r e d u c e d  t h e  i n t e n s i t y  o f  t h e  f l a s h  and  a d d i n g  
a c o l o r e d  f i l t e r  c u t  i t  down f u r t h e r  t o  t h e  p o i n t  t h a t  a 
" g o o d "  a f t e r i m a g e  d i d  n o t  o c c u r  f o r  t h e  e x p e r i m e n t e r .



p r o c e d u r e  a s  was  d o n e  h a r e ,  i t  m i g h t  b e  b e t t e r  t o  e m p l o y  a 

r e s p o n s e  w h i c h  c o u l d  o c c u r  a t  a r e l a t i v e l y  h i g h  r a t e  w h i l e  

t h e  s u b j e c t  o b s e r v e d  s t i m u l i ;  f o r  e x a m p l e ,  i f  r e s p o n s e  k e y s  

w e r e  p l a c e d  b e l o w  o r  i n  f r o n t  o f  t h e  s c r e e n .  T h i s  w o u l d  

a l l o w  mo r e  d a t a  t o  b e  c o l l e c t e d  d u r i n g  a g i v e n  t e s t  s e s s i o n .  

F i n a l l y ,  t h e  s t i m u l u s  b e i n g  o b s e r v e d  c o u l d  i n v o l v e  a c o l o r e d  

a r e a  w h i c h  waxed  a nd  waned  a s  a n  a f t e r i m a g e  m i g h t .



APPENDIX C

SPECTRAL ANALYSIS OF TEST SLIDES FOR FILTERS TEST 2

Two t y p e s  o f  t e s t  s l i d e s  w e r e  e m p l o y e d  i n  F i l t e r s  T e s t  

2 o f  E x p e r i m e n t  I V .  K o d a c h r o m e  t e s t  s l i d e s  e m p l o y e d  

K o d a c h r o m e  f i l m  s a n d w i c h e d  w i t h  o n e  o f  f o u r  W r a t t e n  

c o l o r - c o r r e c t i n g  m a g e n t a  f i l t e r s ,  i n  a n  a t t e m p t  t o  m i m i c k  

t h e  c h r o m a t i c  a p p e a r a n c e  o f  P a n a t o m i c - X  f i l m .  S i m i l a r l y ,  

P a n a t o m i c - X  t e s t  s l i d e s  e m p l o y e d  P a n a t o m i c - X  f i l m  s a n d w i c h e d  

w i t h  o n e  o f  f o u r  W r a t t e n  c o l o r - c o r r e c t i n g  g r e e n  f i l t e r s ,  

t h i s  t i m e  i n  a n  a t t e m p t  t o  m i m i c k  t h e  c h r o m a t i c  a p p e a r a n c e  

o f  K o d a c h r o m e  f i l m .  F i g u r e s  C . l  a nd  C . 2  show s p e c t r a l  

a n a l y s e s  o f  e x a m p l e s  o f  e a c h  t y p e  o f  t e s t  s l i d e .  A n a l y s e s  

o f  t h e  K o d a c h r o m e  t e s t  s l i d e s  a r e  s hown a l o n g  w i t h  an  

a n a l y s i s  o f  a P a n a t o m i c - X  s l i d e ,  and  t h o s e  o f  t h e  

P a n a t o m i c - X  t e s t  s l i d e s  a r e  s hown a l o n g  w i t h  a n  a n a l y s i s  o f  

a K o d a c h r o m e  s l i d e .  I t  i s  e v i d e n t  t h a t  n o n e  o f  t h e  

a b s o r p t a n c e  c u r v e s  o f  t h e  t e s t  s l i d e s  i s  s i m i l a r  t o  t h e  

c u r v e  o f  t h e  t o - b e - m i m i c k e d  s l i d e .  (Of  c o u r s e  t h i s  i s  n o t  

r e q u i r e d  o f  two m e t a m e r s . )  At  a n y  r a t e ,  t h e s e  a n l a y s e s

u n f o r t u n a t e l y  c a n n o t  a i d  i n  i n t e r p r e t i n g  t h e  r e s u l t s  o f  

F i l t e r s  T e s t  2 .
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Figure C.l. Spectral analyses of selected 
Kodachrome test stimuli used in Filters Test 2 of 
Experiment IV. Curves are labeled according to 
which Wratten filter was used (CC40M, 40; CC20M, 
20; CC10M, 10; CC05M, 05; or no filter, K). The 
curve labeled "P" Copen circles) is the spectral 
analysis of a Panatomic-X control slide, shown 
for comparison.
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Figure C.2. Spectral analyses of selected 
Panatomic-X test stimuli used in Filters Test 2 
of Experiment IV. Curves are labeled according 
to which Wratten filter was used CCC40G, 40; 
CC2QG, 20; CCl'OG, .10.; CCQ5G, 05; or no filter: 
control slide, Pi. The curve labeled "K" Copen 
circles 1 is the spectral analysis of a Kodachrome 
test slide Cno filter), shown for comparison.


	SIMPLE AND CONTINGENT CHROMATIC AFTEREFFECTS IN PIGEONS
	Recommended Citation

	00001.tif

