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A b s t r a c t

THE CONTROL OF RESPONSE FORM:

FEEDING AND CONDITIONED RESPONDING IN THE PIGEON

by

B r e n t  LaMon 

A d v i s e r :  P r o f e s s o r  H. P h i l i p  Z e i g l e r

The c o n t r o l  o f  r e s p o n s e  form was examined by p r o v i d i n g  

a q u a n t i t a t i v e  a n a l y s i s  of  t h e  movements s u b s e r v i n g  f e e d i n g  

and  c o n d i t i o n e d  r e s p o n d i n g  f o r  fo o d  r e i n f o r c e r s .  The a im of 

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

sc s o r i m o t o r  o r g a n i z a t i o n  o f  t h e s e  m o to r  p a t t e r n s .  The 

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

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

c o n d i t i o n e d  k e y p e c k in g .  Based  on h i g h - s p e e d  c i n e  a n a l y s i s  of 

t h e  movements, t h e  moment o f  s u b s t r a t e  c o n t a c t  was c h o se n  a s  

an unambiguous t e m p o r a l  landm ark  t h a t  would p r o v i d e  b e h a v i o r ­

a l  e n d p o i n t s  f o r  t h r e e  r e s p o n s e  e l e m e n t s :  beak  o p e n in g ,  eye 

c l o s u r e  and  t h e  s p a t i a l  l o c a t i o n  ( t r a j e c t o r y )  o f  t h e  p e c k .

A p h o t o g r a p h i c  sy s te m  a c t i v a t e d  a t  t h e  moment of s u b s t r a t e -  

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

m ea su rem en ts  o f  t h e s e  f e a t u r e s  o f  r e s p o n s e  form were  

o b t a i n e d .  I n  o r d e r  t o  compare  t h e  b e h a v i o r s  u n d e r  s i m i l a r



t e s t i n g  s i t u a t i o n s ,  b o t h  f e e d i n g  and  c o n d i t i o n e d  p e c k s  were 

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

i n c o r p o r a t e d  a  f o r c e  t r a n s d u c e r  so t h a t  t h e  peak  f o r c e  and 

d u r a t i o n  o f  s u b s t r a t e  c o n t a c t  was m easu red  f o r  each  r e s p o n s e .

I n  t h e  f e e d i n g  s i t u a t i o n  a r a n g e  o f  s e e d  s i z e s  were 

p l a c e d  on t h e  r e s p o n s e - k e y  f o r  e a c h  b i r d  t o  e a t .  F o r  c o n ­

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

exam ined :  ( 1 )  c o n t i n g e n c y - d i s c r i m i n a t e d  o p e r a n t  (CRF, VR3, 

and  e x t i n c t i o n  r e i n f o r c e m e n t  s c h e d u l e s ) ,  P a v l o v i a n  ( a u t o ­

s h a p i n g  p r o c e d u r e ) ;  ( 2 )  r e i n f o r c e r  t y p e -  g r a i n  (2  s e e d  s i z e s ) ;  

(  ) s i g n a l  p r o p e r t i e s - t a r g e t s  on s i g n a l s  ( b l a c k  d o t s  of  5 

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

( w h i t e  d o t s  of  5 s i z e s  p r o j e c t e d  on b l a c k  b a c k g r o u n d ) ;  s e e d  

key  ( s e e d  g l u e d  t o  c e n t e r  of  r e s p o n s e  k e y ) .

The m a j o r  f i n d i n g s  o f  t h i s  s t u d y  c a n  be  summarized a s  

f o l l o w s :

( 1 )  Q u a n t i t a t i v e  d e s c r i p t i o n s  o f  t h e  form  o f  f e e d i n g  and 

c o n d i t i o n e d  k e y p ec k  w ere  p r o v i d e d .  Com par ison  o f  t h e  form of 

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

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

t h e  a v e r a g e  f o r c e  o f  consummatory  p e c k s .  Group means f o r  

d u r a t i o n ,  b e ak  o p e n in g  and  e ye  c l o s u r e  d i d  n o t  d i f f e r  s t a t i s ­

t i c a l l y .

( 2 )  The a u t o s h a p i n g  and  o p e r a n t  c o n d i t i o n i n g  p r o c e d u r e s  

p ro d u c e d  k e y p e c k s  o f  s i m i l a r  form (no  s t a t i s t i c a l  d i f f e r e n c e s  

b e tw ee n  g r o u p s ) .

( 3 )  T h e re  w ere  no c o n s i s t e n t  g ro u p  d i f f e r e n c e s  i n  r e s p o n s e



form be tw een  t h e  o p e r a n t  CRF and  VR3 r e i n f o r c e m e n t  s c h e d u l e s .  

The e x t i n c t i o n  s c h e d u l e  p ro d u c e d  a s l i g h t ,  b u t  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  i n c r e a s e  i n  mean peck  f o r c e .

( 4 )  F o r  n e a r l y  a l l  c o n d i t i o n e d  k e y p e c k s  t h e  m ea su re m e n ts  o f  

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

keypeck  d u r a t i o n  was p r i m a r i l y  d e t e r m i n e d  by t h e  f o r c e  of 

im p a c t  and  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  r e s p o n s e - k e y .

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

s i z e  a s  t h e  r e i n f o r c e r  p ro d u c e d  an  i n c r e a s e  i n  b e ak  o p e n in g

t h a t  was p r o p o r t i o n a l  t o  t h e  chang e  i n  t h e  s i z e  o f  t h e  r e i n ­

f o r c e r .

( 6 )  I n  t h e  f e e d i n g  s i t u a t i o n ,  beak  o p e n in g  a t  t h e  moment of

c o n t a c t  was t y p i c a l l y  g r e a t e r  t h a n  s e e d  s i z e .  However,  t h e

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

an i n c r e a s e  i n  s e e d  s i z e  s u g g e s t e d  t h a t  beak  o p e n in g  was 

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

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

( 7 )  N e i t h e r  b l a c k  n o r  w h i t e  t a r g e t s  on c o n d i t i o n i n g  s i g n a l s  

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

d o t s  r e c e i v e d  a s i g n i f i c a n t l y  g r e a t e r  number o f  peck s  on 

t a r g e t  f o r  b o t h  g r o u p s .  The o p e r a n t  g ro u p  showed s l i g h t  

r e l a t i o n s h i p  be tw een  beak  o p e n in g  and  t a r g e t  s i z e  w i t h  t h e  

w h i t e - d o t  s t i m u l i .

( 8 )  I n  t h e  s e e d - k e y  c o n d i t i o n  b o th  c o n d i t i o n i n g  g ro up s  

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

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

p e c k in g  a ro u n d  t h e  s e e d  on t h e  p e r i p h e r y  o f  t h e  k e y .  T h i s
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s o r t  o f  o u t c o m e - c o n t i n g e n t  c o n t r o l  i n d i c a t e s  t h a t  c o n t i n u e d  

o r i e n t a t i o n  o f  peck  l o c a t i o n  r e q u i r e s  r e s p o n s e - p r o d u c e d  

p r o x i m a te  s e n s o r y  f e e d b a c k  p r o v i d e d  by a s e e d  i n  t h e  mouth,  

w h i l e  t h e  p r o p e n s i t y  t o  peck  c a n  be  m a i n t a i n e d  by d e la y e d  

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

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

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

( e g .  t h e  l e a r n e d - r e l e a s e  o f  a  common f i x e d  a c t i o n  p a t t e r n  o r  

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

l i t t l e  e x p l a n a t o r y  u t i l i t y  i n  t h e  a n a l y s i s  o f  r e s p o n s e  form . 

The movement p a t t e r n s  examined i n  t h i s  s t u d y  were  composed 

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

d i f f e r e n t  and  i n d e p e n d e n t  s o u r c e s  o f  c o n t r o l .  As a  d e t a i l e d  

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

f o r  b o th  b e h a v i o r  t h e o r y  and  n e u r o b e h a v i o r a l  s t u d i e s  o f  

m o t o r - c o n t r o l  m echan ism s .
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TABLES

T a b l e  1.  I n d e p e n d e n t  a n d  d e p e n d e n t  v a r i a b l e s  f o r  t h e  

e x p e r i m e n t s .

T a b l e  I I .  T r a i n i n g  s c h e d u l e  f o r  a u t o s h a p i n g  and o p e r a n t  

c o n d i t i o n i n g  g r o u p s .

T a b l e  I I I .  S t a t i s t i c a l  c o m p a r i s o n  o f  f e e d i n g  and c o n d i t i o n e d  

r e s p o n s e  c o n t a c t  f o r c e .  Means and  s t a n d a r d  d e v i a t i o n s  

( m e a n / s t d . d e v . ) a r e  g iv e n  i n  grams.

T a b le  IV. S t a t i s t i c a l  c o m p a r is o n  o f  r e s p o n s e  form w i t h  

o p e r a n t  CRF and VR3 s c h e d u l e s .  Means and  s t a n d a r d  d e v i a t i o n s  

( m e a n / s t d . d e v . ) a r e  g iv e n  f o r  e a c h  s u b j e c t .

T a b l e  V. S t a t i s t i c a l  c o m p a r is o n  o f  keypeck  f o r c e  w i t h  

o p e r a n t  VR3 and  e x t i n c t i o n  s c h e d u l e s .  Means and s t a n d a r d  

d e v i a t i o n s  ( m e a n / s t d . d e v . ) a r e  g iv e n  i n  grams f o r  e ac h  

s u b j e c t .

T a b l e  VI.  Mean gape  i n  m i l l i m e t e r s  f o r  i n d i v i d u a l  s u b j e c t s  

w i t h  m i l o  and pea r e i n f o r c e m e n t .



F i g u r e  C a p t i o n s

F i g u r e  1. The s p a t i o t e m p o r a l  o r g a n i z a t i o n  o f  f e e d i n g  i n  

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

s t r a t e  on t h e  o r d i n a t e  and  t im e  i n  m i l l e s e c o n d s  on t h e  

a b s c i s s a .  The d r a w in g s  a r e  b a s e d  on i n d i v i d u a l  f r a m e s  from 

a  m o t io n  p i c t u r e  t a k e n  a t  a f i l m  sp e e d  of  100 f r a m e s / s e c  

( f r o m  Z e i g l e r  e t . a l . ,  1980) .

F i g u r e  2 .  F e e d in g  and  c o n d i t i o n e d  r e s p o n s e  to p o g r a p h y  

a r e  c h a r a c t e r i z e d  by g ro u p  means f o r  f o r c e ,  d u r a t i o n ,  gape 

and  eye  c l o s u r e .  C o n d i t i o n e d  r e s p o n s e  d a t a  a r e  f rom  t h e  

a u t o s h a p i n g  and  o p e r a n t  VR3 c o n d i t i o n s  w i t h  a  p l a i n  s i g n a l  

a n d  m i lo  r e i n f o r c e r .  F e e d in g  r e s p o n s e  d a t a  f o r  each  g roup  

a r e  shown f o r  c o m p a r i s o n .

F i g u r e  3 .  P h o to g r a p h s  show t y p i c a l  f e e d i n g  and  c o n d i ­

t i o n e d  r e s p o n s e s  r e c o r d e d  i n  t h e  e x p e r i m e n t s .  Note  f o r  

f e e d i n g  r e s p o n s e  beak  i s  open s l i g h t l y  g r e a t e r  t h a n  seed  

d i a m e t e r  a nd  t h a t  f o r  b o th  r e s p o n s e s  t h e  eye  i s  n e a r l y  

c l o s e d .

F i g u r e  4 .  I n d i v i d u a l  s u b j e c t ' s  means and  s t a n d a r d  d e v i a ­

t i o n s  f o r  t h e  f o r c e ,  d u r a t i o n ,  gape  and  eye  c l o s u r e  o f  f e e d ­

i n g  and  c o n d i t i o n e d  r e s p o n s e s .  C o n d i t i o n e d  r e s p o n s e  d a t a  

were o b t a i n e d  f o r  t h e  a u t o s h a p i n g  and  o p e r a n t  VR3 c o n d i t i o n s  

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

F i g u r e  5 .  F o r c e  i n  grams a s  a  f u n c t i o n  of  d u r a t i o n  i n  

msec i s  p l o t t e d  f o r  i n d i v i d u a l  k e y p ec k s  f rom  a l l  s u b j e c t s  i n



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

r e i n f o r c e r .  The l i n e  r e p r e s e n t s  t h e  r e l a t i o n  be tw een  f o r c e  

an d  d u r a t i o n  o f  b a l l i s t i c  im p a c t s  o b t a i n e d  by d r o p p in g  

w e i g h t s  f rom 10cm abo ve  t h e  r e s p o n s e  k e y .

F i g u r e  6. F o r c e  i n  grams a s  a  f u n c t i o n  o f  d u r a t i o n  i n  

msec i s  p l o t t e d  f o r  i n d i v i d u a l  k e y p e c k s  f rom  a l l  s u b j e c t s  i n  

t h e  o p e r a n t  VR3 c o n d i t i o n  w i t h  a  p l a i n  s i g n a l  and  m i lo  

r e i n f o r c e r .

F i g u r e  7 .  T h ree  r e p r e s e n t a t i v e  waveforms o f  peck  f o r c e  

i n  grams o v e r  t im e  i n  msec a r e  p r e s e n t e d .  Waveforms were 

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

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

F i g u r e  8. R e l a t i v e  f r e q u e n c y  d i s t r i b u t i o n  o f  d u r a t i o n  i n  

i n t e r v a l s  of 2 -m sec .  Data  a r e  f o r  r e s p o n s e s  o f  a l l  s u b j e c t s  

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

r e i n f o r c e r .

F i g u r e  9 .  R e l a t i v e  f r e q u e n c y  d i s t r i b u t i o n  o f  d u r a t i o n  i n  

i n t e r v a l s  of 2 -m se c .  D a ta  a r e  f o r  r e s p o n s e s  o f  a l l  s u b j e c t s  

i n  t h e  o p e r a n t  VR3 c o n d i t i o n  w i t h  p l a i n  s i g n a l  and  m i lo  

r e i n f o r e e r .

F i g u r e  10.  P e r c e n t a g e  o f  p e c k s  l o c a t e d  on t a r g e t  f o r  

s i g n a l s  w i t h  b l a c k  d o t  and  w h i t e  d o t  s t i m u l i .  D ata  f o r  b o th  

a u t o s h a p i n g  and  o p e r a n t  c o n d i t i o n i n g  g ro u p s  a r e  shown.



F i g u r e  11. P e r c e n t a g e  o f  b i r d s  i n  t h e  a u t o s h a p i n g  and 

o p e r a n t  g ro u p s  p e c k i n g  a  s e e d  g lu e d  t o  t h e  r e s p o n s e  k ey .

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

s u c c e s s i v e  r e s p o n s e s  i s  shown f o r  t h e  f i r s t  15 r e s p o n s e s  

of t h e  s e s s i o n .

F i g u r e  12. Gape s i z e  i n  mm a s  a f u n c t i o n  o f  se ed  d i a m e t e r  

i n  mm f o r  i n d i v i d u a l  f e e d i n g  r e s p o n s e s .  The d i a g o n a l  l i n e  

shows t h e  i n t e r - b e a k  t i p  d i s t a n c e  n e c e s s a r y  t o  m atch  seed  

d i a m e t e r .

F i g u r e  13.  Mean d i f f e r e n c e  be tw een  gape  s i z e  and  seed  

d i a m e t e r  ( e r r o r = g a p e - s e e d )  f o r  f e e d i n g  r e s p o n s e s  d i r e c t e d  

a t  t h r e e  s i z e s  of  s e e d s .  Means a r e  g i v e n  f o r  s u c c e s s i v e  

b l o c k s  o f  two p eck s  f ro m  e i g h t  b i r d s .  M ilo  was e a t e n  f i r s t ,  

f o l l o w e d  by p e as  and  g a rb a n z o  b e a n s .

F i g u r e  14. Beak o p e n in g  i n  mm a s  a f u n c t i o n  o f  s i g n a l -  

t a r g e t  d i a m e t e r  i n  mm. Data f o r  a u t o s h a p i n g  and  o p e r a n t  

g ro u p s  w i t h  w h i t e  o r  b l a c k  d o t - s t i m u l i  a r e  shown.

F i g u r e  15. A u to s h a p in g  a nd  o p e r a n t  g ro u p  means f o r  gape 

i n  mm f o r  r e s p o n d i n g  m a i n t a i n e d  by m i l o  and  pea  r e i n f o r c e r s .

F i g u r e  16. S c h e m a t ic  o f  t h e  f o r c e - t r a n s d u c e r  and  a s s o c i a ­

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

t e d  c i r c u t s  a r e  shown t o g e t h e r  w i t h  component  v a l u e s .

F i g u r e  17. An o c c i l o s c o p e  wave form o f  t h e  a m p l i f i e r  

o u t p u t  p ro d u c e d  by a  b a l l i s t i c  im p a c t  i s  shown. The r e l a -



x i i

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

t o  t h e  f o r c e - a n a l o g  s i g n a l  i s  diagrammed be low  t h e  waveform.

F i g u r e  18. The c o n f i g u r a t i o n  o f  t h e  f o r c e  t r a n s d u c e r ,  

f l o o r - m o u n t e d  r e s p o n s e  key  and  p r o j e c t i o n  sy s te m  i s  shown.
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I n t r o d u c t i o n

C a u s a l  A n a l y s i s  and  B e h a v io r

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

a n a l y s i s  c an  be  d i s t i n g u i s h e d .  The f i r s t  c o n c e r n s  how 

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

t h e  second  c o n c e r n s  t h e  form  o f  t h e  movement p a t t e r n s  com­

p o s i n g  a p a r t i c u l a r  b e h a v i o r .  I n  b o th  c a s e s  an a t t e m p t  i s  

made t o  e x p l a i n  b e h a v i o r  i n  t e r m s  o f  an  i n t e r a c t i o n  between 

t h e  e x t e r n a l  s t i m u l u s  e n v i ro n m e n t  and  t h e  i n t e r n a l  s t a t e  of 

t h e  o r g a n i s m ;  what  d i f f e r s  i s  t h e  t im e  s c a l e  and  u n i t s  of 

b e h a v i o r  upon which t h e  a n a l y s i s  i s  b a s e d  ( R a c h l i n ,  1976; 

H inde ,  19 7 0 ) .  P e rh a p s  b e c a u s e  s i m i l a r  c a u s a l  f a c t o r s  were 

o f t e n  assum ed t o  c o n t r o l  b o th  t h e  o c c u r e n c e  and form of  

b e h a v i o r ,  b e h a v i o r a l  r e s e a r c h  h as  t e n d e d  t o  c o n c e n t r a t e  on 

t h e  q u e s t i o n  o f  what v a r i a b l e s  d i s p o s e  an o rg a n is m  t o  engage  

i n  one c l a s s  o f  b e h a v i o r  r a t h e r  t h a n  a n o t h e r ,  and  p a s s  ov e r  

t h e  q u e s t i o n  o f  what f a c t o r s  m o d u la t e  t h e  form of  o n go ing  

b e h a v i o r .  B ecause  i t  i s  c o n v e n i e n t  t o  i d e n t i f y  g r o s s  

c l a s s e s  of b e h a v i o r  ( e . g .  f e e d i n g ,  a g g r e s s i o n )  w i t h  r e s p e c t  

t o  f u n c t i o n ,  t h i s  has  l e d  many s t u d i e s  t o  d e a l  w i t h  such  

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

f i x e d  a c t i o n  p a t t e r n s ) .  But r e l a t i v e l y  few b e h a v i o r s  have 

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

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

f a c t o r s  once  i n i t i a t e d  ( c f .  B e n t l e y  and  Hoy, 1 9 7 2 ) .  I t  may 

be more a d v a n ta g e o u s  t o  a p p ro a c h  t h e  a n a l y s i s  o f  r e s p o n s e  

fo rm  by c o n c e p t u a l i z i n g  b e h a v i o r  p a t t e r n s  a s  o r g a n i z e d  

se q u e n c e s  o f  e f f e c t o r  movements t h a t  c o n s t i t u t e  a m o to r  a c t .
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C o n s i d e r e d  i n  t h i s  way, m o to r  p a t t e r n s  may be v iew ed  a s  a 

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

d i f f e r e n t  s o u r c e s  o f  c o n t r o l ,  and  each  w i t h  d i f f e r e n t  

d e g r e e s  of v a r i a b i l i t y  d e p e n d in g  on t h e  p a r t i c u l a r  b e h a v i ­

o r a l  c o n t e x t .

Such an  a p p r o a c h  i s  c o n s i s t e n t  w i t h  n e u r o a n a t o m i c a l  

e v id e n c e  which  s u g g e s t s  t h a t  d i s c r e t e  s e n s o r i m o t o r  

• s u b - s y s t e m s '  c o n t r o l  t h e  s p a t i o t e m p o r a l  o r g a n i z a t i o n  of 

movement i n  d i f f e r e n t  e f f e c t o r  s y s t e m s .  The c o o r d i n a t i o n  of  

m u s c u la r  c o n t r a c t i o n s  among s e v e r a l  e f f e c t o r  sy s te m s  t o  

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

t o  r e f l e c t  s e v e r a l  s o u r c e s  o f  c o n t r o l .  As Hinde (1 9 7 0 )  has 

p o i n t e d  o u t ,  any  movement i n v o l v e s  a number o f  m u s c le s  

c o n t r a c t i n g  i n  p a r t i c u l a r  r e l a t i o n s h i p s  w i t h  e ac h  o t h e r  and 

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

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

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

c e n t r a l  n e rv o u s  s y s te m .  T hus ,  when s e v e r a l  b e h a v i o r a l  

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

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

v a r i a b l e s  t h a t  i n i t i a t e  t h a t  b e h a v i o r  does  n o t  o b v i a t e  t h e  

n eed  t o  s t u d y  t h e  f a c t o r s  c o n t r o l l i n g  i t s  fo rm .

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

o f  a  r e s p o n s e  sy s te m  composed o f  s e v e r a l  b e h a v i o r a l  

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

c o n t r o l .  B ecause  m u l t i p l e  c a u s a l  f a c t o r s  a r e  t y p i c a l l y  

o p e r a t i v e  i n  t h e  p r o d u c t i o n  o f  a m o to r  p a t t e r n ,  t h e y  may be 

s a i d  t o  p r o v i d e  t h e  b e h a v i o r a l  c o n t e x t  t h a t  d e t e r m i n e s  a
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p a r t i c u l a r  r e s p o n s e .  T h i s  i m p l i e s  t h a t  t h e  a n a l y s i s  of  a 

b e h a v i o r  s h o u l d  p r o c e e d  by e x am in in g  t h e  s p a t i o t e m p o r a l  

o r g a n i z a t i o n  o f  t h e  movement p a t t e r n s  of  i n t e r e s t  so  t h a t  

t h e  r e l e v a n t  b e h a v i o r a l  e l e m e n t s  may be s p e c i f i e d .  F o r  each  

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

i d e n t i f i e d  and m a n i p u l a t e d  so  t h a t  b e h a v i o r a l  ou tcom es  may 

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

sy s te m .  The p r im a r y  a im  o f  t h i s  d i s s e r t a t i o n  i s  t o  a p p ly  

such a n  a n a l y s i s  t o  t h e  p e c k in g  r e s p o n s e  sy s te m  of  t h e  

p ig e o n  i n  o r d e r  t o  examine  t h e  c o n t r o l  of r e s p o n s e  fo rm  i n  

f e e d i n g  and  c o n d i t i o n i n g  s i t u a t i o n s .

P igeon  f e e d i n g  b e h a v i o r  and c o n d i t i o n e d  k e y p e c k in g

F e e d i n g . Z e i g l e r ,  (1976)  has  p r o v i d e d  an  e x t e n s i v e  

r e v i e w  o f  t h e  p i g e o n ' s  f e e d i n g  b e h a v i o r  and  s u g g e s t e d  

s e v e r a l  f e a t u r e s  t h a t  make t h e  p ig e o n  an  e x c e l l e n t  s u b j e c t  

f o r  b e h a v i o r a l  s t u d y .  The p i g e o n ' s  f e e d i n g  b e h a v i o r  i s  

r e l a t i v e l y  s t e r e o t y p e d  and  s p e c i e s - t y p i c a l ;  b u t  a s  a 

" d i e t a r y  g e n e r a l i s t "  t h e  p i g e o n ' s  e a t i n g  r e s p o n s e  i s  n o t  

o v e r l y  s p e c i a l i z e d  f o r  a  s i n g l e  fo o d  s o u r c e  a nd  i n v o l v e s  

s t i m u l u s  c o n t r o l  by b o th  v i s u a l  and  s o m a to s e n s o r y  i n f o r m a ­

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

r e s p o n s e  ( p e c k i n g )  t h a t  i s  e a s i l y  i d e n t i f i e d  and  ' d i g i t i z e d '  

f o r  r e c o r d i n g  p u r p o s e s .  F u r t h e r m o r e ,  t h e  movement p a t t e r n s  

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

Z e i g l e r  e t . a l .  1980; K l e i n  and LaMon, 1981) and  t h e s e  

d i f f e r e n c e s  a p p e a r  t o  c a r r y  o v e r  t o  c o n d i t i o n e d  r e s p o n s e s  

m a i n t a i n e d  by fo od  and w a t e r  r e i n f o r c e r s  (W o l in ,  1968;



J e n k i n s  and  Moore, 1 9 7 6 ) .  I n  a d d i t i o n ,  t h e  work o f  K a r te n  

and  c o - w o r k e r s  ( K a r t e n ,  1969;  K a r t e n  and  Hodos, 1967; Cohen 

and  K a r t e n ,  1974) on c e n t r a l  n e u r a l  s t r u c t u r e s  t a k e n  

t o g e t h e r  w i t h  Z e i g l e r ' s  s t u d i e s  o f  p e r i p h e r a l  o r o - s e n s o r y  

mechanisms ( r e v i e w e d  i n  Z e i g l e r ,  1976,  19 8 0 ) ,  has  p r o v i d e d  

an  e x c e l l e n t  a n a t o m i c a l  f o u n d a t i o n  and  b a s i s  f o r  c o n t i n u e d  

s t u d y  of  t h e  n e u r o b e h a v i o r a l  mechanisms m e d i a t i n g  f e e d i n g .

A d e t a i l e d  d e s c r i p t i o n  of  t h e  movement p a t t e r n  m ed ia ­

t i n g  e a t i n g  i n  t h e  p ig e o n  h a s  a p p e a r e d  i n  Z e i g l e r  e t .  a l .  

(1980)  and  f i g u r e  1 summarizes  t h e  s p a t i o t e m p o r a 1 o r g a n i z a ­

t i o n  o f  t h e s e  movements.  S e v e r a l  f e a t u r e s  of  t h i s  r e s p o n s e  

s h o u l d  be  n o t e d .  F i r s t ,  t h e  a p p ro a c h  t o  fo o d  i n v o l v e s  a 

r a p i d  d e s c e n t  of t h e  h e ad  t o w a rd  t h e  s u b s t r a t e  d u r i n g  which 

t h e  eye  c l o s e s  and  t h e  beak  o p e n s .  C o n t a c t  w i t h  t h e  s u b ­

s t r a t e  i s  a lw ay s  q u i t e  b r i e f ,  a s  t h e  h ead  i s  im m e d ia te ly  

w i th d raw n  w h e t h e r  o r  n o t  a s e e d  i s  g r a s p e d  i n  t h e  m a n d i b l e s .  

As t h e  head  moves upw ard ,  a  s e e d  g r a s p e d  be tw een  t h e  beak 

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

a i d  of  t h e  t o n g u e  and  a d e c e l e r a t i n g  movement of  t h e  h ead .  

The c l o s u r e  of  t h e  eye  d u r i n g  t h e  downward movement t o  t h e  

s e e d  s u g g e s t s  t h a t  t h e  peck  i s  b a l l i s t i c  i n  n a t u r e  and  does 

n o t  r e q u i r e  v i s u a l  f e e d b a c k  f o r  g u id a n c e  once  i n i t i a t e d .  

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

f rom  t h e  mouth c o o r d i n a t e s  t h e  s u b s e q u e n t  m a n d i b u l a t i o n  and 

sw a l lo w in g  e l e m e n t s  of  t h e  r e s p o n s e  s e q u e n c e .  S t u d i e s  of 

t r i g e m i n a l  d e a f f e r e n t a t i o n  ( Z e i g l e r  1975 a&b; Z e i g l e r ,

M i l l e r  and  L e v in e ,  1975) i n d i c a t e  t h a t  t h e  l o s s  of  so m a to ­

s e n s o r y  i n f o r m a t i o n  f rom  t h e  beak  and  mouth c a u s e s  a
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s e v e r e  d i s r u p t i o n  of  f e e d i n g  b e h a v i o r  i n v o l v i n g  b o th  

s e n s o r y - m o t o r  im p a i rm e n t  o f  e a t i n g  e f f i c i e n c y  and  

' m o t i v a t i o n a l '  i m p a i r m e n t s  r e f l e c t e d  by a l o s s  of
y

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

r e s p o n s e s .

C o n d i t i o n e d  k e y p e c k i n g . S e v e r a l  a u t h o r s  have p r o v id e d  

o b s e r v a t i o n s  f ro m  c o n d i t i o n i n g  s i t u a t i o n s  ( o p e r a n t  and  

P a v l o v i a n )  t h a t  k e y p e c k s  m a i n t a i n e d  by foo d  o r  w a t e r  r e i n ­

f o r c e r s  r e s e m b l e  t h e  fo rm  o f  e a t i n g  o r  d r i n k i n g  r e s p o n s e s ,  

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

be tw een  c o n d i t i o n e d  k e y p e c k s  and  t h e  consummatory  p a t t e r n  

a p p r o p r i a t e  t o  t h e  r e i n f o r c e r  was t h a t  o f  Wolin (1948)  which 

examined t h e  r e s p o n s e s  o f  p i g e o n s  i n  an  o p e r a n t  c o n d i t i o n i n g  

s i t u a t i o n .  F o o d - r e i n f o r c e d  k e y p e c k s  were  o b s e r v e d  t o  be 

" r a p i d ,  s h o r t ,  p o w e r f u l  t h r u s t s  o f  t h e  head  w i t h  t h e  beak  

o p e n , "  w h i l e  w a t e r - r e i n f o r c e d  p e c k s  were  c h a r a c t e r i z e d  by "a  

s lo w ,  l o n g ,  e a s y  p u s h i n g  m o t io n  w i t h  t h e  beak  a lm o s t  

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

p o n s e s ,  t h e  d u r a t i o n  o f  f o o d - r e i n f o r c e d  p e ck s  was fo u n d  t o  

be s u b s t a n t i a l l y  s h o r t e r  t h a n  k e y p e c k s  f o r  w a t e r  r e i n f o r c e ­

m en t .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  was one of  t h e  

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

t i o n i n g  s i t u a t i o n  o t h e r  t h a n  t h e  c o n t i n g e n c y  be tw een  

r e s p o n s e  a n d  r e i n f o r c e m e n t  ( c f .  S k i n n e r ,  1938) were  

a f f e c t i n g  c e r t a i n  p r o p e r t i e s  o f  t h e  r e s p o n s e .  W hile  many 

s t u d i e s  went on t o  d e m o n s t r a t e  t h a t  e x p l i c i t  r e s p o n s e -  

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

b o t h  t h e  d i s t r i b u t i o n  and  fo rm  of  r e s p o n d i n g  ( e . g .  H e r r i c k ,



1964; M in tz ,  1962; A n g e r ,  1 9 5 6 ) ,  i t  was n o t  u n t i l  t h e  

i n t r o d u c t i o n  o f  t h e  a u t o s h a p i n g  p a ra d ig m  t h a t  t h e s e  " o t h e r  

f e a t u r e s "  of  t h e  c o n d i t i o n i n g  s i t u a t i o n  ( e g .  s p e c i e s -  

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

were  s y s t e m a t i c a l l y  i n v e s t i g a t e d .

When Brown and  J e n k i n s  (1968)  f i r s t  r e p o r t e d  t h a t  by 

s im p ly  p a i r i n g  b r i e f  i l l u m i n a t i o n  o f  a r e s p o n s e  key  w i t h  t h e  

p r e s e n t a t i o n  o f  a r e i n f o r c e r  p i g e o n s  would r e l i a b l y  b e g in  

p e c k in g  a t  t h e  k e y ,  t h e i r  o r i g i n a l  i n t e r p r e t a t i o n  of  

a u t o s h a p i n g  in v o k e d  S k i n n e r ' s  (1 9 4 8 )  d e s c r i p t i o n  of  " a d v e n ­

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

( s e e  H e a r s t  and  J e n k i n s  1974; S ch w a r tz  and  Gamzu 1977 f o r  

r e v i e w s )  began  t o  c h a l l e n g e  t h i s  n o t i o n  t h a t  k e y p e c k in g  

i n  t h e  a u t o s h a p i n g  s i t u a t i o n  was " s u p e r s t i t i o u s "  b e h a v i o r  

p ro d u ce d  by a d v e n t i t i o u s  r e i n f o r c e m e n t  of  o r i e n t a t i o n  t o  t h e  

k e y l i g h t .  I n s t e a d ,  t h e  a s s o c i a t i o n  of  t h e  k e y l i g h t  ( s i g n a l )  

w i t h  r e i n f o r c e m e n t  was e m p h a s iz e d  and  t h e  a u t o s h a p i n g  k e y -  

peck  was s u g g e s t e d  t o  be t h e  outcome o f  a P a v l o v i a n  c o n d i ­

t i o n i n g  p r o c e s s .  I t  was i n  t h i s  c o n t e x t  t h a t  J e n k i n s  and 

Moore (19 7 3 )  c o n d u c t e d  t h e i r  s t u d y  of  t h e  fo rm  of  t h e  

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

W o l i n ' s  f i n d i n g s  c o n c e r n i n g  t h e . f o r m  of  k e y p e c k s  e n g e n d e re d  

by fo o d  and  w a t e r  r e i n f o r c e m e n t .

While  J e n k i n s  and  Moore were  p r i m a r i l y  c o n c e rn e d  w i t h  

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

p r o c e s s e s  c o n t r o l  t h e  em ergence  o f  t h e  k e y p ec k  r e s p o n s e  in  

a u t o s h a p i n g  w i t h  p i g e o n s ,  t h i s  s t u d y  can  a l s o  be v iew ed  a s  

e x am in in g  how c e r t a i n  e x t e r o c e p t i v e  s t i m u l u s  v a r i a b l e s



( s i g n a 1 - c o n t i n g e n c y  -  s i g n a l s  p r e d i c t i n g  e i t h e r  fo o d  o r  

w a t e r  r e i n f o r c e r s  i n d e p e n d e n t  o f  r e s p o n d i n g )  and i n t e r o ­

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

d e t e r m i n e  a b e h a v i o r a l  outcome ( s i g n a l  d i r e c t e d  p e ck s  of  a 

p a r t i c u l a r  f o r m ) .  U n f o r t u n a t e l y ,  t h e  i n t e r p r e t a t i o n  g iv e n  

t h e  r e s u l t s  of t h i s  s t u d y  was c o n s t r a i n e d  by t h e  p a rad ig m s  

w i t h i n  which  t h e  d a t a  were  i n t e r p r e t e d  ( i e .  s t i m u l u s  

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

t i o n i n g ) ,  and  bound by t h e  q u e s t i o n  a s k e d  ( I s  k e y p e c k in g  i n  

t h e  a u t o s h a p i n g  s i t u a t i o n  t h e  r e s u l t  of  P a v l o v i a n  o r  o p e r a n t  

c o n t i n g e n c i e s ? ) .  As a  r e s u l t  t h e s e  a u t h o r s  a r r i v e d  a t  t h e  

c o n c l u s i o n  t h a t  t h e  r e s e m b l a n c e  be tw een  t h e  s i g n a l  d i r e c t e d  

an d  consummatory r e s p o n s e  was a c o n s e q u e n c e  of  t h e  c o n t i n ­

g e n t  r e l a t i o n s h i p  be tw een  t h e  s i g n a l  and  t h e  p r e s e n t a t i o n  

of  t h e  r e i n f o r c e r  ( P a v l o v i a n  c o n d i t i o n i n g ) .  I t  was r e c o g ­

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

f ro m  t h e  c l a s s i c a l  r e f e r e n c e  e x p e r i m e n t s  of  P a v l o v i a n  c o n ­

d i t i o n i n g  by i n v o l v i n g  a s k e l e t a l  movement d i r e c t e d  to w a rd  

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

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

' o b j e c t - s u b s t i t u t i o n '  m ig h t  b e t t e r  d e s c r i b e  t h e  o b s e r v e d  

r e s e m b l a n c e  be tw een  b e h a v i o r s  d i r e c t e d  a t  t h e  s i g n a l  and 

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

t h e  s i g n a l - o b j e c t  i n  t h e  a u t o s h a p i n g  s i t u a t i o n  comes t o  

a c t  a s  a  s u r r o g a t e  f o r  t h e  r e i n f o r c e r - o b j e c t , so  t h a t  t h e  

a n im a l  l i t e r a l l y  r e - d i r e c t s  t h e  n o rm a l  consummatory r e s p o n s e
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t o  t h e  s i g n a l  s t i m u l u s .  A l th o u g h  t h e  s t i m u l u s  p r o p e r t i e s  

o f  t h e  s i g n a l  w ere  n o t  v a r i e d ,  i t  was a l s o  s u g g e s t e d  t h a t  

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

r e s p o n s e  fo rm .

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

of  t h e  s i m i l a r i t y  b e tw een  a u to s h a p e d  and consummatory p e c k s ,  

i t  s h o u ld  be n o t e d  t h a t  t h e r e  was no d i r e c t  a t t e m p t  t o  

m easu re  r e s p o n s e  fo rm .  The l a c k  o f  s e n s i t i v i t y  of  t h e  s u b ­

j e c t i v e  d e p e n d e n t  v a r i a b l e  u s e d  t o  a s s e s s  r e s p o n s e  form i n  

t h e  J e n k i n s  and  Moore s t u d y  would u n d o u b t e d l y  o b s c u r e  a n y ­

t h i n g  b u t  g r o s s ,  q u a l i t a t i v e  d i f f e r e n c e s  be tw een  c o n d i t i o n e d  

a n d  consummatory  p e c k s .  C om par isons  were made on t h e  b a s i s  

of r a t i n g s  t a k e n  f ro m  j u d g e s ’ o p i n i o n s  of w h e th e r  f i l m e d  

p e c k s  ( e v e n t s  l a s t i n g  o n l y  s e v e r a l  h un d red  m i l l i s e c o n d s )  

r e s e m b l e d  i n s t a n c e s  of  e a t i n g  o r  d r i n k i n g .  S in c e  t h e s e  were 

r a t i n g s  of t h e  e n t i r e  s e q u e n c e ,  t h e r e  was a l s o  l i t t l e  b a s i s  

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

d i f f e r e n t i a l l y  a l t e r e d  o r  which  f e a t u r e s  of  t h e  peck  t h e  

j u d g e s  w ere  r e s p o n d i n g  t o .  Even t h e  m ea su re s  of  f o r c e  

( r e c o r d e d  on a p o l y g r a p h  w i t h  a s lo w  p a p e r  sp e e d )  p r o v i d e d  

o n ly  q u a l i t a t i v e  d i f f e r e n c e s  be tw een  f o o d  ( h i g h e r  f o r c e )  

a nd  w a t e r  ( l o w e r  f o r c e )  r e i n f o r c e d  p e c k s .  Thus ,  w h i l e  t h e  

d i f f e r e n c e  i n  fo rm  b e tw een  w a t e r  and  foo d  r e i n f o r c e d  

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

b a s e d  on q u a l i t a t i v e ,  s u b j e c t i v e  e v a l u a t i o n s  t h a t  l e a v e  t h e  

e q u i v a l e n c e  of c o n d i t i o n e d  p e ck s  t o  consummatory r e s p o n s e s
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open t o  q u e s t i o n .

S u b s e q u e n t l y ,  an  a l t e r n a t i v e  a c c o u n t  o f  t h i s  r e l a t i o n  

b e tw een  c o n d i t i o n e d  and  consummatory b e h a v i o r s  was p ro v id e d  

by Woodruff  and  W i l l i a m s  ( 1 9 7 4 ,  1 9 7 6 ) .  Based on e v id e n c e  

t h a t  when sw a l lo w in g  o n l y  was e l i c i t e d  by w a t e r  r e i n f o r c e r s  

p r e s e n t e d  d i r e c t l y  i n t o  t h e  b e a k ,  p i g e o n s  would show t h e  

e n t i r e  a p p e t i t i v e - c o n s u m m a t o r y  se q u e n c e  d i r e c t e d  t o  t h e  

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

t h r o u g h  P a v l o v i a n  c o n d i t i o n i n g  was an  i n a d e q u a t e  e x p l a n a t i o n  

of t h e i r  o b s e r v a t i o n s  a nd  p ro p o s e d  a " l e a r n e d  r e l e a s e "  

h y p o t h e s i s .  T h i s  t h e o r y  s u g g e s t s  t h a t  a u t o s h a p i n g  r e p r e ­

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

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

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

f e e d i n g  and  d r i n k i n g .  I t  was f u r t h e r  s u g g e s t e d  t h a t  such  

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

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

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

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

b e h a v i o r s  (W o o d ru f f ,  M o r r i s o n  and  W i l l i a m s ,  1974; Woodruff  

and  S t a r r ,  1 9 7 8 ) .

A l th o u g h  t h i s  a c c o u n t  may be s a t i s f y i n g  a s  an  e x p l a n a ­

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

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

t h i s  s o r t  of  a s s o c i a t i v e  l e a r n i n g  m igh t  b e ,  i n v o k i n g  t h e  

c o n c e p t  of a  f i x e d  a c t i o n  p a t t e r n  (FAP) p r o v i d e s  l i t t l e  a i d
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i n  t h e  a n a l y s i s  of  t h e  f a c t o r s  c o n t r o l l i n g  t h e  form  of 

t h i s  b e h a v i o r .  S in c e  t h e  FAP by d e f i n i t i o n  i s  a  m otor  

p a t t e r n  t h a t  i s  i n d e p e n d e n t  of  s t i m u l u s  c o n t r o l  once 

e l i c i t e d  (H in d e ,  1 9 7 0 ) ,  and  u s u a l l y  r e q u i r e s  a  mechanism 

i n v o l v i n g  g e n e t i c  d e t e r m i n a t i o n  v i a  c e n t r a l  n e u r a l  o r g a n i z a ­

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

a u t o s h a p i n g  s i t u a t i o n s  w i l l  con fo rm  w i t h  t h i s  t r a d i t i o n a l  

v ie w .  I t  may be s t r e s s e d  t h a t  t h e  FAP i s  b e s t  u s e d  a s  a 

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

p r i n c i p l e  f o r  t h e  mechanisms c o n t r o l l i n g  b e h a v i o r ;  and  so 

even w i t h i n  t h e  l e a r n e d - r e l e a s e  p a ra d ig m  t h e  a n a l y s i s  of 

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

i s  s t i l l  u n r e s o l v e d .

I t  i s  w o r th  m e n t i o n in g  t h a t  a v a r i e t y  of  s t u d i e s  have 

r e p o r t e d  a  r e s e m b l a n c e  be tw een  s i g n a l  d i r e c t e d  b e h a v i o r s  

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

z o o l o g i c a l  s p e c i e s  such  a s  dogs (S m i th  and  Sm i th ,  197 1 ) ,  

g o l d f i s h  ( B o t t j e r  , S c o b ie  and W a l l a c e ,  1977; Woodward and 

B i t t e r m a n ,  1 9 7 4 ) ,  a r c h e r  f i s h  (Waxman and  McCleave, 19 7 8 ) ,  

T a l a p i a  ( S q u i e r ,  1 9 6 9 ) ,  young c h i c k e n s  (Woodruff  and  S t a r r ,  

1978) and  r a t s  ( P e t e r s o n ,  A c k i l ,  Frommer and  H e a r s t ,  1972; 

S t e i r s  and  S i l b e r b e r g ,  1974;  Myer and H u l l ,  1974; H u l l ,  

19 7 7 ) .  A u to s h a p in g  s t u d i e s  r e p o r t i n g  o n ly  p a r t i a l  o r  no 

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

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

t r a i n i n g  ( A t n i p ,  1 9 7 7 ) ,  r a t s  w i t h  t h e  p r e s e n t a t i o n  of 

a n o t h e r  r a t  a s  t h e  s i g n a l  ( T im b e r l a k e  and  G r a n t ,  1975) o r



e l e c t r i c a l  b r a i n  s t i m u l a t i o n  a s  t h e  r e i n f o r c e r  ( W i l k i e  

and  McDonald, 1 9 7 8 ) ,  c h i c k e n s  w i t h  h e a t  a s  t h e  r e i n ­

f o r c e r  (Wasserman,  Gutowski  and  B a d e r ,  1 9 7 5 ) ,  s q u i r r e l  o r  

r h e s u s  monkeys w i t h  fo o d  r e i n f o r c e r s  (Gamzu and  Schwan,

1974; Sidman a nd  F l e t c h e r ,  1 9 6 8 ) ,  and  m e n t a l l y  r e t a r d e d  

humans w i t h  fo o d  r e i n f o r c e r s  ( K a g a in ,  Anson and S p e r b e r ,  

19 7 6 ) .  I n  t h e s e  s t u d i e s  i t  was o f t e n  p o i n t e d  o u t  t h a t  t h e  

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

q u i t e  v a r i a b l e  and  t h a t  f o r  t h e s e  s p e c i e s  t h e  p h y s i c a l  

p r o p e r t i e s  of  t h e  s i g n a l  o r  m anipulandum would p r o v i d e  an  

a d d i t i o n a l  i n f l u e n c e  on r e s p o n s e  fo rm .

W hile  t h e r e  a p p e a r s  t o  be l i t t l e  dou b t  t h a t  t h e  r e l a ­

t i o n  be tw een  s i g n a l  and  r e i n f o r c e r  i s  p r i m a r i l y  r e s p o n s i b l e  

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

s h a p i n g  s i t u a t i o n ,  t h e  p ro b lem  r e m a in s  t h a t  i t  i s  q u i t e  

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

c o n t r o l  of t h i s  s e e m in g ly  s im p le  r e s p o n s e  sy s te m .  I t  may 

be more a d v a n t a g e o u s  t o  c o n s i d e r  such  b e h a v i o r a l  phenomena 

w i t h i n  a f ram ework  t h a t  can  a l l o w  more t h a n  j u s t  a s i n g l e  

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

r e l e a s e  of an  i n n a t e  FAP). T h i s  a l s o  g i v e s  r i s e  t o  a l a r g e r  

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

t i o n a l  f a c t o r s  com pos ing  b e h a v i o r a l  c o n t e x t  t o  p ro d u ce  a 

b e h a v i o r a l  o u t p u t .  At i s s u e  i s  w h e t h e r  t h e r e  r e a l l y  a r e  

d ic h o to m o u s ,  e i t h e r / o r ,  c l a s s e s  o f  p eck s  ( a s  would seem t o  

be s u g g e s t e d  by t h e  a p p r o a c h e s  of  J e n k i n s  and  Moore o r  

Woodruff and  W i l l i a m s )  o r  do d i f f e r e n t  f a c t o r s  go t o g e t h e r
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i n  such  a way as  t o  p r o v i d e  a c o n t i n u o u s  t r a n s i t i o n  from 

one r e s p o n s e  fo rm  t o  a n o t h e r  a l o n g  a c o n t in u u m .  I t  i s  q u i t e  

p o s s i b l e  t h a t  when v a r i o u s  r e s p o n s e  sy s te m s  a r e  examined 

some w i l l  f a l l  i n  t h e  f i r s t  c a t e g o r y  ( d i s c r e t e )  and o t h e r s  

w i l l  f a l l  i n  t h e  s e c o n d  ( c o n t i n u o u s ) .  S i m i l a r l y ,  w i t h i n  a 

g i v e n  m o to r  s e q u en c e  c e r t a i n  e l e m e n t s  may be r e l a t i v e l y  

f i x e d ,  r e p r e s e n t i n g  a r e p e r t o i r e  of  s t e r e o t y p e d  b e h a v i o r a l  

s u b r o u t i n e s ,  w h i l e  o t h e r s  may show v a r i a b i l i t y  i n  fo rm ,  

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

c o n t i n u o u s  v a r i a t i o n .  C o n s i d e r a t i o n  of  t h e  mode o f  s e l e c ­

t i o n  among a v a r i e t y  o f  r e s p o n s e  t o p o g r a p h i e s  a s  v a r i o u s  

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

an  e s s e n t i a l  s t e p  i n  t h e  a n a l y s i s  of  any  movement p a t t e r n .

I n v e s t i g a t i o n s  of  t h e  c o n t r o l  o f  p e c k in g  to p o g r a p h y  by 

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

q u e s t i o n s  o f :  (1 )  how a r e  i n d i v i d u a l  b e h a v i o r a l  e l e m e n t s  

i n t e g r a t e d  i n t o  complex  m otor  p a t t e r n s ,  and (2 )  do d i f f e r e n t  

f e a t u r e s  of  r e s p o n s e  fo rm  show c a p a c i t y  f o r  m o d i f i c a t i o n  

i n d e p e n d e n t l y  of one a n o t h e r .  The p r o c e d u r e  f o r  r e s p o n s e  

d i f f e r e n t i a t i o n  t h r o u g h  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  has  a 

lo n g  e x p e r i m e n t a l  h i s t o r y  ( F e r s t e r  and S k i n n e r ,  1957; 

N o t te rm an  and M in tz ,  1 9 6 5 ) .  An e a r l y  s t u d y  by S k i n n e r  

(1958)  r e p o r t e d  s u c c e s s  u s i n g  c o n t i n g e n t  r e i n f o r c e m e n t  t o  

i n c r e a s e  t h e  f o r c e  w i t h  which  p i g e o n s  pecked  k e y s .  A l though  

t h e  p i g e o n ' s  k ey peck  was t o  become t h e  ' p r o t o t y p i c a l '  

o p e r a n t  r e s p o n s e ,  i t  was n o t  f o r  some t im e  ( an d  t h e  a d v en t  

of  c o m pe t ing  P a v l o v i a n  i n t e r p r e t a t i o n s  of k e y p e c k in g )  t h a t
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d e t a i l e d  i n v e s t i g a t i o n s  of o p e r a n t  k e y p e c k in g  to p o g r a p h y  

were  t o  a p p e a r .

The s t u d y  by R i l l i n g ,  Kramer and  Askew (1970)  p r o v i d e d  

a good d e s c r i p t i o n  o f  t h e  dynamics  of t h e  p i g e o n ' s  keypeck  

and  i s  most  n o t a b l e  f o r  t h e  d ev e lo p m en t  o f  a p e c k in g  key 

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

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

c o n t a c t .  By s t o r i n g  t h e  waveform of i n d i v i d u a l  pecks  on an 

o s c i l l o s c o p e ,  a c c u r a t e  m e a su re s  of peak f o r c e  and d u r a t i o n  

were  o b t a i n e d .  Two s o r t s  of  wave form s w ere  t y p i c a l l y  

p r o d u c e d ;  s i n g l e  u n im o d a l  peaks  l a s t i n g  5 t o  15 m sec,  o r  

b im o d a l  waveforms w i t h  t h e  f i r s t  peak  h i g h e r  t h a n  t h e  second  

and  l o n g e r  d u r a t i o n s  of  20 t o  50 msec ( o r  two s h o r t  d u r a ­

t i o n s  i f  t h e  waveform c r o s s e d  z e r o  f o r c e  be tw een  t h e  p e a k s ) .  

The a v e r a g e  f o r c e  of  k e y p ec k s  p r o d u c e d  by c o n t i n u o u s  r e i n ­

fo r c e m e n t  (CRF) was r e p o r t e d  t o  be 100 - 250 gram s.  No 

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

In  1972 S chw ar tz  and W i l l i a m s  exam ined  p e c k in g  r e s p o n s e  

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

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

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

f i x e d  r a t i o ) ;  and t h e n  a t t e m p t e d  t o  a l t e r  r e s p o n s e  d u r a t i o n s  

t h r o u g h  d u r a t i o n - c o n t i n g e n t  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 .  A l l  

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

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

d u r a t i o n  p e c k s  emerged and  e v e n t u a l l y  p r e d o m i n a t e d .  B i r d s



on n e g a t i v e  a u t o m a i n t e n a n c e  c o n t i n u e d  t o  p ro d u ce  o n ly  s h o r t  

d u r a t i o n s .  When o n l y  s h o r t  d u r a t i o n  o r  l o n g  d u r a t i o n  pecks  

p ro d u ce d  f o o d  r e i n f o r c e m e n t  o n l y  t h e  r e l a t i v e  f r e q u e n c y  of 

l o n g e r  d u r a t i o n  peck s  was i n c r e a s e d .  T h is  f i n d i n g ,  t h a t  

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

o p e r a n t  c o n t i n g e n c i e s ,  l e d  S c h w a r tz  and  W i l l i a m s  t o  su g g e s t  

t h a t  t h e r e  were  two b a s i c  t y p e s  of  keypeck  t h a t  c o u ld  be 

d i s t i n g u i s h e d  on t h e  b a s i s  o f  d u r a t i o n .  S in c e  r e s p o n d i n g  

u n d e r  n e g a t i v e  a u t o m a i n t e n a n c e  was p re s u m a b ly  m a i n t a i n e d  

o n ly  by t h e  s i g n a l - r e i n f o r c e r  a s s o c i a t i o n ,  s h o r t  d u r a t i o n  

p e c k s  were  v iew ed  a s  t h e  outcome o f  a  P a v l o v ia n  p r o c e s s  and 

d e r i v e d  f rom t h e  p i g e o n ' s  s p e c i e s - t y p i c a l  f e e d i n g  r e s p o n s e .  

L onger  d u r a t i o n  peck s  ( g r e a t e r  t h a n  25 msec) were  presumed 

t o  be u n d e r  o u t c o m e - c o n t i n g e n t  ( o p e r a n t )  c o n t r o l .  T h i s  two-  

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

d i s t r i b u t i o n  of  r e s p o n s e  d u r a t i o n s  o b t a i n e d  i n  a v a r i e t y  of 

o p e r a n t  s c h e d u l e s  ( S c h w a r t z ,  1977a;  S c h w a r tz ,  H am i l to n  and 

S i l b e r b e r g ,  1 9 7 5 ) .  U n f o r t u n a t e l y ,  t h e  c o n c l u s i o n  t h a t  s h o r t  

d u r a t i o n s  were  more r e p r e s e n t a t i v e  of  f e e d i n g  was n o t  b a sed  

on any  e x a m i n a t i o n  o f  t h e  p i g e o n ' s  f e e d i n g  t o p o g r a p h y .  

M oreover ,  a l l  o f  t h e  mean r e s p o n s e  d u r a t i o n s  r e p o r t e d  by 

S ch w ar tz  and W i l l i a m s  w ere  on t h e  o r d e r  of  two t o  f o u r  

t i m e s  g r e a t e r  t h a n  t h o s e  r e p o r t e d  by R i l l i n g  e t . a l .  ( 1 9 7 0 ) .

A n o th e r  s t u d y  by S ch w a r tz  (1977b)  p r o v i d e d  a d d i t i o n a l  

s u p p o r t  f o r  t h e  t w o - p r o c e s s  i n t e r p r e t a t i o n  o f  k eyp eck  d u r a ­

t i o n .  I n  t h i s  s tu d y  p e c k in g  was m a i n t a i n e d  on a v a r i a b l e  

i n t e r v a l  s c h e d u l e  of r e i n f o r c e m e n t  and  a t t e m p t s  were made
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t o  s u p p r e s s  t h e  r e l a t i v e  f r e q u e n c y  of  lo n g  o r  s h o r t  d u r a t i o n  

peck s  by d u r a t i o n - d e p e n d e n t  e l e c t r i c  sh o c k .  The f a i l u r e  t o  

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

s h o r t  d u r a t i o n s  were  p u n i s h e d ,  a s  opposed  t o  a r e d u c t i o n  i n  

t h e  f r e q u e n c y  of l o n g  d u r a t i o n  pecks  when lo n g  d u r a t i o n s  

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

c l a s s e s  of  c o n d i t i o n e d  pecks  t h a t  d i f f e r e d  i n  t h e i r  s e n s i t i ­

v i t y  t o  r e s p o n s e - c o n t i n g e n t  c o n t r o l .  I t  i s  a w eakness  of 

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

t h e  number o f  shocks  r e c e i v e d  d u r i n g  t h e  two p un ishm en t  

c o n d i t i o n s  ( d u r i n g  t h e  s h o r t - d u r a t i o n  shock  c o n d i t i o n  o n ly  

a b o u t  107o of t h e  t o t a l  r e s p o n s e s  were  f o l l o w e d  by sh o c k ,  

w h i l e  d u r i n g  t h e  l o n g - d u r a t i o n  shock  c o n d i t i o n  a b o u t  507o 

of r e s p o n s e s  p ro d u c e d  s h o c k ) .  F u r t h e r m o r e ,  b e c a u s e  t h e  

e f f e c t  o f  r e s p o n s e  c o n t i n g e n t  sho ck  was t o  s u p p r e s s  r e s p o n ­

d in g  ( a n d  p e r h a p s  lo w e r  r e s p o n s e  f o r c e ) ,  t h e n  f o r  t h o s e  

r e s p o n s e s  o b t a i n e d  u n d e r  e i t h e r  of  t h e  pun ishm en t  c o n d i t i o n s  

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

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

d i s c u s s i o n  i t  was acknow ledged  t h a t  d i f f e r e n t  r e s p o n s e  

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

a s p e c t  of  r e s p o n s e  t o p o g r a p h y  ( f o r c e  was s u g g e s t e d ) ,  bu t  

i t  was c o n c l u d e d  t h a t  w h a t e v e r  t h e  c o r r e l a t e d  change  i n  

t o p o g r a p h y  u n d e r l y i n g  d u r a t i o n  m ig h t  b e ,  two c l a s s e s  of  peck 

c o u ld  n e v e r t h e l e s s  be d i s t i n g u i s h e d  on t h e  b a s i s  of  c o n t r o l  

by c o n t i n g e n t  r e i n f o r c e m e n t .
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The p o s s i b i l i t y  t h a t  a  v a r i a b l e  su c h  a s  f o r c e  might  

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

p r o v i d e s  a n  a l t e r n a t i v e  e x p l a n a t i o n  o f  t h e s e  d a t a .  Smith  

(1974)  exam ined  p i g e o n ' s  o p e r a n t  p e c k i n g  t o p o g r a p h y  u t i l i ­

z i n g  a h i g h - s p e e d  p h o t o g r a p h i c  t e c h n i q u e .  Sm ith  r e p o r t e d  

t h a t  p ig e o n s  t y p i c a l l y  made k e y - c o n t a c t  w i t h  t h e  beak  open 

a nd  t h e n ,  15-30  msec a f t e r  c o n t a c t ,  c l o s e d  t h e  beak  w i th  

a  l a t e r a l  movement on t h e  k e y .  D epending  on t h e  p h y s i c a l  

p r o p e r t i e s  ( a c t i v a t i o n  f o r c e )  of  t h e  r e s p o n s e  k e y ,  t h i s  

l a t e r a l  movement c o u l d  p ro d u c e  e i t h e r  two s h o r t  d u r a t i o n  

r e s p o n s e s  w i t h  a  30 msec i n t e r r e s p o n s e  t i m e ,  o r  a  s i n g l e  

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

p i g e o n s  t y p i c a l l y  d i d  n o t  a l t e r  t h e  fo rm  of  t h e  p e c k in g  

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

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

d u r a t i o n s .  T h e re  was no e v i d e n c e  f o r  two t o p o g r a p h i c a l l y  

d i s t i n c t  c l a s s e s  of  lo n g  and  s h o r t  d u r a t i o n  p e c k s .

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

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

c e r t a i n  c h a r a c t e r i s t i c s  of  t r a n s d u c t i o n  d e v i c e s  t o  meet 

such  c o n t i n g e n c i e s .

I n  1978 Z i r i a x  an d  S i l b e r b e r g  p r o v i d e d  a d d i t i o n a l  

e v i d e n c e  t h a t  p i g e o n s  c a n  b o t h  d i s c r i m i n a t e  an d  em it  

d i f f e r e n t  ke y p ec k  d u r a t i o n s .  The a b i l i t y  t o  d i s c r i m i n a t e  

peck  d u r a t i o n  was d e m o n s t r a t e d  by a c o n d i t i o n a l - 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  which  t h e  b i r d s  f i r s t  p e c k e d ,  t h e n  i n d i c a ­



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

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

b i r d s  were  t r a i n e d  t o  c h o o se  c o l o r s  t o  i n d i c a t e  peck  

d u r a t i o n ,  key c o l o r s  w ere  u s e d  a s  d i s c r i m i n a t i v e  s t i m u l i  

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

I n  t h i s  s i t u a t i o n  b i r d s  p ro d u ce d  more s h o r t  d u r a t i o n  pecks  

when s h o r t  d u r a t i o n s  ( 1 0 - 2 0  msec) were  r e i n f o r c e d ,  b u t  had 

d i f f i c u l t y  making  s u f f i c i e n t l y  lo n g  d u r a t i o n  p e c k s  when t h e  

r e i n f o r c e m e n t  c r i t e r i a  was g r e a t e r  t h a n  100 msec.  These  

a u t h o r s  c o n c lu d e d  t h a t  k e y p ec k  d u r a t i o n  was s e n s i t i v e  t o  

o p e r a n t  c o n t i n g e n c i e s  a n d  went on t o  p r o p o s e  t h a t  peck  

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

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

c o n t i n g e n t  on r e s p o n s e  d u r a t i o n .  U n f o r t u n a t e l y  t h e  o n ly  

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

was r e s p o n s e  r a t e ;  and  i t  i s  n o t  i m m e d ia te ly  a p p a r e n t  why 

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

an  a d d i t i o n a l  v a r i a b l e  su c h  a s  f o r c e  was a l s o  c o r r e l a t e d  

w i t h  r a t e .

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

p igeons*  k ey p ec k  d u r a t i o n  c an  be a l t e r e d  by 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  s c h e d u l e s  ( Z e i l e r ,  D av is  and  D eCasper ,  1980; 

W hipple  and  F a n t i n o ,  1 9 8 0 ) .  These  s t u d i e s  a l s o  u s e d  commer­

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

w ere  o n l y  a b l e  t o  d e m o n s t r a t e  s m a l l  c h a n g e s  i n  mean r e s p o n s e  

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

I t  i s  p e r h a p s  more i m p o r t a n t  t o  r e c o g n i z e  t h a t  i n  a l l  of
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t h e s e  a t t e m p t s  t o  c o n t r o l  peck  d u r a t i o n  by o p e r a n t  

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

w i t h  many r e s p o n s e s  o c c u r i n g  o u t s i d e  t h e  r e i n f o r c e m e n t  

c r i t e r i a .  The s t u d y  by Z e i l e r  e t .  a l .  i s  p a r t i c u l a r l y  

i m p o r t a n t  i n  t h i s  r e s p e c t  b e c a u s e  t h e y  fo u n d  t h a t  a s  t h e  

d u r a t i o n  r e q u i r e m e n t  was i n c r e a s e d ,  mean r e s p o n s e  d u r a t i o n  

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

r e s p o n s e  d u r a t i o n  i n c r e a s e d  more r a p i d l y .  A p p a r e n t l y  i t  i s  

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

o t h e r  t h a n  a b a l l i s t i c  im p a c t  f o r  fo o d  r e i n f o r c e m e n t ,  making 

r e s p o n s e s  i n v o l v i n g  s u s t a i n e d  c o n t a c t  l o n g e r  t h a n  a b o u t  100 

msec v e r y  r a r e  ( c f .  J e n k i n s  and  Moore ( 1 9 7 3 ) ,  Woodruff  and  

W i l l i a m s  (1 9 7 6 )  c o n c e r n i n g  d u r a t i o n s  of  w a t e r  r e i n f o r c e d  

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

i n  a l l  o f  t h e s e  s t u d i e s  do n o t  r e f l e c t  o p e r a n t  c o n t r o l  of 

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

g ra p h y  ( e . g .  f o r c e ,  a n g l e  o f  c o n t a c t )  t h a t  by i n t e r a c t i o n  

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

d i f f e r e n t  d u r a t i o n s .  I t  s h o u l d  f u r t h e r  be r e c o g n i z e d  t h a t  

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

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

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

w i t h i n  a  r a n g e  s p e c i f i e d  by t h e  fo rm  of  t h e  p i g e o n ' s  n a t u r a l  

p e c k i n g  r e s p o n s e  a p p r o p r i a t e  t o  t h e  r e i n f o r c e r .  F o r  

p i g e o n ' s  k e y p e c k s  i t  seems t h a t  o p e r a n t  c o n t i n g e n c i e s  can  

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

c a n n o t  p ro d u c e  an  e n t i r e l y  d i f f e r e n t  fo rm  of  r e s p o n s e  ( e . g .
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b a l l i s t i c  p e c k s  c h a n g in g  t o  a  p r e s s i n g  m o t io n  i n v o l v i n g  

s u s t a i n e d  c o n t a c t ) .

I t  i s  c l e a r  t h a t  many i s s u e s  r e m a in  u n r e s o l v e d  c o n ­

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

t i o n s  and  t h e  r e l a t i o n s h i p  b e tw een  c o n d i t i o n e d  and  consumma- 

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

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

fo r m .  I t  i s  a l s o  c o n v e n i e n t  t h a t  t h e  n e u r a l  c o n t r o l  of  

some o f  t h e  a n a t o m i c a l  s t r u c t u r e s  i n  s e r v i c e  t o  t h e s e  r e s ­

p o n s e s  h a s  b een  exam ined  and  seems t o  c o n s t i t u t e  a r e l a t i v e ­

l y  s i m p l e  n e u r o m u s c u l a r  s y s te m  ( Z e i g l e r ,  1976,  1980; Zw eers ,  

1 9 7 4 ) .  A b e h a v i o r a l  p r e p a r a t i o n  t h a t  would  l e n d  i t s e l f  t o  

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

b e h a v i o r a l  o u t p u t s  f ro m  t h e  same m u sc le  g ro u p s  would be 

i n v a l u a b l e .  As Dawkins and  Dawkins (1 9 73 )  have  p o i n t e d  o u t ,  

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

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

have  t a n g i b l e  u n i t s  of  b e h a v i o r  t o  e x p l a i n .  Thus ,  

r e e x a m i n a t i o n  of  t h e  f a c t o r s  g o v e r n i n g  p e c k i n g  r e s p o n s e  form 

i n  t h e  p i g e o n  can  p r o v i d e  a  d e s c r i p t i o n  o f  how d i v e r s e  

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

b e h a v i o r a l  p r e p a r a t i o n  f ro m  w hich  t o  exam ine  t h e  n e u r a l  

c o n t r o l  of  t h e s e  b e h a v i o r a l  p r o c e s s e s .  Such an  a n a l y s i s  

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

w h ich  t o  c h a r a c t e r i z e  t h e  fo rm  and  v a r i a b i l i t y  o f  t h e s e  

r e s p o n s e s  and  an  e x p e r i m e n t a l  d e s i g n  t h a t  a l l o w s  i n d e p e n d e n t  

c o n t r o l  of  a  v a r i e t y  o f  p u t a t i v e  c a u s a l  v a r i a b l e s .
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E x p e r i m e n t a l  D es ign

B ecause  t h e  movements m e d i a t i n g  f e e d i n g  and  c o n d i ­

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

o v e r  t i m e ,  t h e  moment o f  s u b s t r a t e  c o n t a c t  was c h o se n  a s  

a n  unambiguous t e m p o r a l  landm ark  t h a t  would  a l l o w  c o m p a r i ­

so n s  be tw een  v a r i o u s  movement p a t t e r n s .  As c a n  be seen  f o r  

t h e  f e e d i n g  r e s p o n s e  i n  F i g u r e  1,  a t  t h e  moment o f  c o n t a c t  

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

m e n t s :  beak  o p e n in g  ( g a p e ) ,  eye  c l o s u r e  and  t h e  s p a t i a l  

l o c a l i z a t i o n  ( t r a j e c t o r y )  o f  t h e  p e c k .  The peak  f o r c e  and 

d u r a t i o n  o f  c o n t a c t  p r o v i d e  a d d i t i o n a l  q u a n t i t a t i v e  m ea su re s  

o f  r e s p o n s e  t o p o g r a p h y .  S in c e  i t  was d e s i r a b l e  t o  m easu re  

t h e  fo rm  of  f e e d i n g  and  c o n d i t i o n e d  r e s p o n s e s  i n  s i t u a t i o n s  

a s  s i m i l a r  a s  p o s s i b l e ,  b o th  f e e d i n g  and  c o n d i t i o n e d  p e c k s  

were  d i r e c t e d  t o  a  f l o o r - m o u n t e d  r e s p o n s e  k e y .  F e e d in g  

t o p o g r a p h y  was m easu red  by p l a c i n g  s e e d s  d i r e c t l y  on t h e  

r e s p o n s e  key  so  t h a t  p e c k s  would a c t i v a t e  t h e  t r a n s d u c t i o n  

d e v i c e s .  F o r  c o n d i t i o n i n g  s i t u a t i o n s  t h e  r e s p o n s e  key 

s e r v e d  a s  a  v i s u a l  s i g n a l  and  m anipulandum . T a b l e  I  l i s t s  

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

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

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

o f  r e s p o n s e  fo rm .  With t h e s e  i n d e p e n d e n t  v a r i a b l e s  i t  was 

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

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

f e e d i n g  t o p o g r a p h y  was exam ined  by a l l o w i n g  t h e  p i g e o n s  t o  

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

was e v a l u a t e d  by p r o v i d i n g  v a r i o u s  s o r t s  o f  s i g n a l  t a r g e t s .  

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

m a n i p u l a t e d ,  a s  w e l l  a s  t h e  c o n t i n g e n c i e s  be tw een  s i g n a l s ,  

r e s p o n s e s  and  r e i n f o r c e m e n t .

Methods

S u b j e c t s

S u b j e c t s  were  t e n  m a le ,  White  C a m e a u x  p i g e o n s  

(Columba l i v i a )  o b t a i n e d  f rom  t h e  P a l m e t t o  P ig e o n  P l a n t ,  

Su m te r ,  S .C .  A l l  p i g e o n s  were  m a i n t a i n e d  a t  a p p r o x i m a t e l y  

807o of f r e e - f e e d i n g  body w e ig h t  w i t h  a  d a i l y  r a t i o n  of 

a p p r o x i m a t e l y  20 grams o f  m i lo  ( a  3 -5  mm d i a m e t e r  s e e d ) .  

A p p a r a t u s

The e x p e r i m e n t a l  chamber was 30 cm by 38 cm and 42 cm 

h i g h ,  w i t h  a w i r e  g r i d  f l o o r .  One w a l l  and  t h e  c e i l i n g  were  

c l e a r  P l e x i g l a s  and  t h e  r e m a in i n g  w a l l s  were  p a i n t e d  f l a t  

b l a c k  t o  r e d u c e  r e f l e c t i o n .  I n  a  c o r n e r  n e x t  t o  t h e  

P l e x i g l a s  w a l l  a  25 mm s q u a r e  r e s p o n s e  key  was mounted i n  

t h e  f l o o r  4 cm away f rom  t h e  a d j a c e n t  w a l l s .  The o pen in g  

t o  a g r a i n  h o p p e r  ( L e h ig h  V a l l e y  I n c . )  was c e n t e r e d  3 cm 

above  t h e  f l o o r  on t h e  b l a c k  w a l l  a d j a c e n t  t o  t h e  r e s p o n s e  

k e y .  F o r  p h o t o g r a p h i c  p u r p o s e s  t h e  chamber  was e n c l o s e d  i n  

a  s m a l l  l i g h t - p r o o f  room. Chamber i l l u m i n a t i o n  was p r o v i d e d  

by a  s a f e l i g h t  (15  w a t t  b u l b )  w i t h  a  Kodak 1A r e d  f i l t e r  

mounted one m e t e r  above  t h e  cham ber .

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

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



The r e s p o n s e  key  i n c o r p o r a t e d  a L a f a y e t t e  I n s t r u m e n t s  F o r c e  

T r a n s d u c e r  (#76613)  t h a t  p r o d u c e d  a  c o n t i n u o u s  v o l t a g e  

a n a l o g  o f  a p p l i e d  f o r c e  d u r i n g  k e y - c o n t a c t .  The v o l t a g e  

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

s t a t i c  a nd  dynamic f o r c e s  ( d i f f e r e n t  w e i g h t s  were  e i t h e r  

p l a c e d  on t h e  key  o r  d ro p p ed  f rom  10 cm above  t h e  k e y ) .

T h i s  s i g n a l  was m o n i t o r e d  by a  v o l t a g e  c o m p a r a to r  t h a t  

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

t h a t  e x c e e d e d  a f o r c e  t h r e s h o l d  o f  10 grams ( s e e  A ppend ix  

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

i n s t r u m e n t a t i o n  and  p r o j e c t i o n  s y s t e m ) .  Response  d u r a t i o n  

was t im e d  t o  t h e  t e n t h  o f  a  m i l l i s e c o n d  by a H e w l e t t - P a c k a r d  

U n i v e r s a l  C o u n t e r  (#5325B) and  p r i n t e d  by a H e w l e t t - P a c k a r d  

D i g i t a l  R e c o r d e r  (# 50 5 0 B ) .  The a n a l o g  s i g n a l  f ro m  t h e  f o r c e  

t r a n s d u c e r  was d i s p l a y e d  on a n  o s c i l l o s c o p e  ( T e k t r o n i x  Type 

564) t r i g g e r e d  by peck  o n s e t ,  and  e ac h  peck  waveform was 

p h o to g r a p h e d  by a  G ra s s  I n s t r u m e n t s  C-4 Kymograph Camera. A 

m i c r o f i l m  r e a d e r  was u s e d  t o  o b t a i n  m ea su re s  of  peak  f o r c e  

f ro m  t h e  p h o t o - n e g a t i v e s .  S c h e d u l i n g  o f  e x p e r i m e n t a l  e v e n t s  

was a c c o m p l i s h e d  w i t h  L eh ig h  V a l l e y  I n c .  s o l i d  s t a t e  

programming equ ipm en t  l o c a t e d  i n  an  a d j a c e n t  room.

The p h o t o g r a p h i c  sy s te m  u s e d  t o  o b t a i n  a s i z e -  

c a l i b r a t e d  image o f  t h e  p ig e o n  a t  t h e  moment of  k e y - c o n t a c t  

u t i l i z e d  a  P h o t o g r a p h i c  A l l i a n c e  35mm I n s t r u m e n t a t i o n  Camera 

(# 0 0 01 )  w i t h  a Nikon 55mm macro l e n s  and  a  G e n e r a l  R ad io  

s t r o b e  l i g h t  (#1539A ) .  B ecause  o f  t h e  d e l a y  imposed by 

s h u t t e r - o p e n i n g  ( a b o u t  10 msec) and  t h e  l i m i t e d  f i l m  c a p a ­



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

cam era  was u s e d  w i t h  Kodak 2495 O r t h o c h r o m a t i c  F i l m  ( b l u e  

s e n s i t i v e ,  35mm X 150 f t ) .  T h i s  f i l m  was n o t  e x p o sed  by t h e  

a m b ie n t  r e d  l i g h t  f rom  t h e  s a f e l i g h t  and  e x p o s u r e s  were  

o b t a i n e d  by a 5 m ic r o s e c o n d  f l a s h  o f  t h e  s t r o b e .  The s t r o b e  

was a c t i v a t e d  by a  s o l i d - s t a t e  r e l a y  (1  m ic r o s e c  a c t i v a t i o n  

t i m e )  c o n t r o l l e d  by t h e  v o l t a g e  c o m p a r a t o r  so  t h a t  t h e  

p r e c i s e  moment o f  k e y - c o n t a c t  was r e l i a b l y  p h o t o g r a p h e d .

Data  f o r  gape  ( d i s t a n c e  be tw een  peak  t i p s ) ,  eye  o p e n in g  

( d i s t a n c e  be tw een  e y e l i d s ) ,  and  l o c a t i o n  o f  each  peck  was 

t a k e n  f rom  t h e  p h o t o - n e g a t i v e s  on a  R e a l i s t i c  M i c r o f i l m  

R e a d e r  w i t h  22X m a g n i f i c a t i o n .  B ecause  t h e  camera  r e q u i r e d  

0 . 8  sec  t o  a d v a n c e  one f r a m e ,  any  p e c k s  o c c u r i n g  d u r i n g  t h e  

f i l m  a d v a n c e  p e r i o d  w ere  n o t  r e c o r d e d .

P r o c e d u r e

A l l  s u b j e c t s  were  h o p p e r - t r a i n e d  p r i o r  t o  t h e  e x p e r i ­

m en ts  and  t h e n  f i v e  b i r d s  were  random ly  a s s i g n e d  t o  t h e  

a u t o s h a p i n g  and  o p e r a n t  g r o u p s .

A u t o s h a p i n g . The a u t o s h a p i n g  s c h e d u l e  c o n s i s t e d  of a 

1 min v a r i a b l e  i n t e r t r i a l  i n t e r v a l  w i t h  a  6 sec  s i g n a l  

f o l l o w e d  by 4 se c  a c c e s s  t o  fo o d  i n d e p e n d e n t  of  r e s p o n d i n g .  

A v a i l a b i l i t y  o f  fo o d  was s i g n a l e d  by h o p p e r  i l l u m i n a t i o n .  

Each s e s s i o n  c o n s i s t e d  o f  40 s i g n a l - f o o d  t r i a l s  e x c e p t  t h o s e  

i n  t h e  d o t - s t i m u l u s  c o n d i t i o n  w h ich  had 42 t r i a l s .  T a b le  I I  

l i s t s  t h e  t r a i n i n g  e a c h  s u b j e c t  r e c e i v e d .  A c q u i s i t i o n  

t r a i n i n g  was c o n d u c te d  w i t h  a  s i g n a l  t h a t  c o n s i s t e d  of
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i l l u m i n a t i o n  o f  t h e  key  ( p l a i n  s i g n a l )  and  m i l o  r e i n f o r c e r  

(3-5mm s e e d s )  f o r  a  s u f f i c i e n t  number o f  s e s s i o n s  t o  r e c o r d  

a t  l e a s t  100 p e c k s  f o r  each  s u b j e c t .  Two b i r d s  t h a t  f a i l e d  

t o  r e s p o n d  w i t h i n  3 s e s s i o n s  were  r e p l a c e d  a s  s u b j e c t s .  

T r a i n i n g  c o n t i n u e d  w i t h  s e s s i o n s  i n  which  s i g n a l s  c o n s i s t e d  

of  c i r c u l a r  s t i m u l i  ( 2 , 4 , 6 , 1 0  and  14mm d i a m e t e r s ) .  One 

s e s s i o n  was r u n  w i t h  b l a c k  d o t s  on a w h i t e  i l l u m i n a t e d  

b a c k g ro u n d ,  and  a n o t h e r  s e s s i o n  w i t h  w h i t e  d o t s  on a  b l a c k  

b a c k g r o u n d .  D u r in g  e a c h  s e s s i o n  a l l  d o t  s i z e s  and  a p l a i n  

s i g n a l  a p p e a r e d  se v en  t i m e s  i n  random o r d e r .  Two s e s s i o n s  

were  r u n  w i t h  a  p l a i n  s i g n a l  and  d r i e d  p e a s  (5-8mm d i a m e t e r )  

a s  t h e  r e i n f o r c e r .  F o r  t h e  s e e d - k e y  c o n d i t i o n  a 5 mm 

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

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

a s  t h e  r e i n f o r c e r .  When a l l  c o n d i t i o n i n g  s e s s i o n s  were  

c o m p l e t e ,  e ach  s u b j e c t  was a l l o w e d  t o  e a t  s e e d s  p l a c e d  on 

t h e  k e y .  S e v e r a l  s e e d s  of a s i n g l e  t y p e  were  p l a c e d  on t h e  

k e y ,  and  when t h e y  w ere  e a t e n ,  s e v e r a l  more r e p l a c e d  u n t i l  

a t  l e a s t  20 p e c k s  f o r  e a c h  s e e d  t y p e  w ere  r e c o r d e d .  Milo  

(3-5mm) was g iv e n  f i r s t ,  f o l l o w e d  by p e a s  (5-8mm), and  t h e n  

g a rb a n z o  b e a n s  (9-12mm).

O p e r a n t . The b i r d s  i n  t h e  o p e r a n t  g ro u p  were  sh a p e d  by 

t h e  method o f  s u c c e s s i v e  a p p r o x i m a t i o n s  ( S e g a l ,  1972) t o  

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

o r  s i g n a l )  t o  o b t a i n  4 sec  a c c e s s  t o  m i l o .  R e i n f o r c e r  d e l i ­

v e r y  t e r m i n a t e d  key  i l l u m i n a t i o n .  When t h e  key  was d a r k ,  

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



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

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

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

t y p i c a l l y  r e q u i r e d  two s e s s i o n s  and  was t e r m i n a t e d  a f t e r  15 

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

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

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

s e s s i o n  were  t h e  same a s  t h o s e  d e s c r i b e d  above  f o r  t h e  a u t o ­

s h a p i n g  g r o u p .  As p e c k i n g  was a c q u i r e d ,  b i r d s  were  p l a c e d  

on a d i s c r i m i n a t e d  CRF, 6 se c  l i m i t e d  h o l d ,  v a r i a b l e  

i n t e r t r i a l - i n t e r v a l  1 rnin r e i n f o r c e m e n t  s c h e d u l e  ( D i s c  CRF, 

L.H. 6 s e c ,  VITI 1 m i n ) .  I n  o r d e r  t o  m atch  b o th  r a t e  of  

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

a u t o s h a p i n g  g r o u p ,  t h e  s c h e d u l e  was n e x t  changed  t o  a  Disc  

VR3, L.H. 6 s e c ,  VITI 1 m in .  T h i s  s c h e d u l e  was i n  e f f e c t  

w h i l e  a n o t h e r  100 r e s p o n s e s  t o  a p l a i n  key  were  r e c o r d e d  and 

t h r o u g h o u t  t h e  s e s s i o n s  i n  which  s i g n a l  s t i m u l i  and  r e i n ­

f o r c e r  t y p e  were  m a n i p u l a t e d .  I n  a  f i n a l  e x t i n c t i o n  

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

c o n t i n u o u s l y  and  r e s p o n d i n g  no l o n g e r  r e i n f o r c e d .  T h i s  

s e s s i o n  c o n t i n u e d  u n t i l  a  c r i t e r i a  o f  100 r e s p o n s e s  o r  30 

se c  w i t h o u t  a r e s p o n s e  was r e a c h e d .  When a l l  of  t h e  

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

d i f f e r e n t  s e e d  s i z e s  w ere  r e c o r d e d  i n  t h e  same way a s  

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

C om par ison  of t h e  fo rm  o f  t h e  movements m e d i a t i n g  

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

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

t o  r e f l e c t  t h e  same s o u r c e s  o f  c o n t r o l ,  o t h e r  f e a t u r e s  of 

t h e s e  r e s p o n s e  p a t t e r n s  such  a s  t h e  f o r c e  of c o n t a c t  and 

s t i m u l u s  c o n t r o l  of  peck  l o c a t i o n  a r e  q u i t e  d i f f e r e n t *

I n  F i g u r e  2 g ro u p  means and s t a n d a r d  d e v i a t i o n s  f o r  f o r c e ,  

d u r a t i o n ,  gape  ( d i s t a n c e  be tw een  beak  t i p s )  and  eye  c l o s u r e  

( d i s t a n c e  be tw een  e y e l i d s )  a r e  p r e s e n t e d  f o r  f e e d i n g  and 

c o n d i t i o n e d  r e s p o n s e s .  The g ro u p  means were  o b t a i n e d  by 

a v e r a g i n g  t h e  means f o r  each  o f  t h e  f i v e  s u b j e c t s  i n  each  

c o n d i t i o n i n g  g ro u p .  The c o n d i t i o n e d  r e s p o n s e s  were  r e c o r d e d  

i n  t h e  a u t o s h a p i n g  and  o p e r a n t  VR3 c o n d i t i o n s  w i t h  a  p l a i n  

key  and m i l o  r e i n f o r c e r .  The combined f e e d i n g  r e s p o n s e  d a t a  

f o r  each  g ro u p  a r e  shown f o r  c o m p a r i s o n .  The v a l u e s  f o r  

gape d u r i n g  f e e d i n g  were  r e s t r i c t e d  t o  e a t i n g  pecks  d i r e c t e d  

a t  m i l o .  I t  c an  be s e e n  t h a t  n e i t h e r  c l o s u r e  of  t h e  eye  n o r  

gape  d i f f e r e d  s u b s t a n t i a l l y  f o r  any  c o n d i t i o n .  The mean 

d i s t a n c e  be tw een  t h e  e y e l i d s  r a n g e d  be tw een  1 .6  mm and  2 . 0  

mm, and t h e  mean d i s t a n c e  be tw een  beak  t i p s  r a n g e d  be tween  

4.8mm and  5.7mm. T hus ,  t h e  e y e  was t y p i c a l l y  c l o s e d  o r  

n e a r l y  s o  (when t h e  eye  i s  f u l l y  open t h e  d i s t a n c e  be tween  

t h e  e y e l i d s  i s  a b o u t  10 mm), a n d  t h e  beak  was open a t  t h e  

moment o f  c o n t a c t .  T h ese  common f e a t u r e s  o f  f e e d i n g  r e s ­

p o n s e s  and  c o n d i t i o n e d  k e y p ec k s  c a n  be s e en  c l e a r l y  i n  t h e
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p h o t o g r a p h s  p r e s e n t e d  i n  F i g u r e  3 .  By c o n t r a s t ,  means f o r  

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

t h a n  t h o s e  o b t a i n e d  f o r  f e e d i n g  r e s p o n s e s .  F o r  t h e  a u t o ­

s h a p i n g  g rou p  a mean k ey p eck  f o r c e  of  8 8 .5  grams compares  t o  

a  mean c o n t a c t  f o r c e  o f  44 grams d u r i n g  f e e d i n g .  With t h e  

o p e r a n t  c o n d i t i o n i n g  g ro u p  a  mean k eyp eck  f o r c e  o f  79 grams 

v e r s u s  a f e e d i n g  mean c o n t a c t  f o r c e  o f  38 grams was o b t a i n e d .  

The s t a t i s t i c a l  a n a l y s i s  summarized i n  T a b l e  I I I  c o n f i r m e d  

t h e  f a c t  t h a t  t h e  d i f f e r e n c e  i n  f o r c e  be tw een  f e e d i n g  and 

c o n d i t i o n e d  r e s p o n s e s  was s i g n i f i c a n t .  The o b s e r v e d  d i f f e r ­

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

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

m e a su re .

The d a t a  i n  F i g u r e  2 a l s o  i n d i c a t e  t h a t  t h e r e  were no 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  k eypeck  r e s p o n s e  

form  be tw een  t h e  a u t o s h a p i n g  and  o p e r a n t  g r o u p s .  The g roup  

means f o r  r e s p o n s e  fo rm  on t h e  o p e r a n t  CRF and  VR3 s c h e d u l e s  

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

f o r  i n d i v i d u a l  s u b j e c t s  t h a t  i s  summarized i n  t a b l e  IV shows 

t h a t  some b i r d s  d i d  show s t a t i s t i c a l l y  s i g n i f i c a n t  c h an ges  

i n  r e s p o n s e  form be tw een  t h e  two s c h e d u l e s .  However,  t h e  

d i r e c t i o n  of  such  i n d i v i d u a l  c h a n g e s  was n o t  c o n s i s t e n t  

a c r o s s  s u b j e c t s  f o r  any  m ea su re .  The e f f e c t  of  t h e  e x t i n c ­

t i o n  s c h e d u l e  was a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  mean r e s ­

p on se  f o r c e  of f o u r  of  t h e  f i v e  s u b j e c t s  ( t a b l e  V). 

E x a m in a t io n  of t h e  r a w - d a t a  f o r  e x t i n c t i o n  r e v e a l s  t h a t  t h e  

s l i g h t  e l e v a t i o n  o f  t h e  means was a  c o n se q u e n c e  of
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o c c a s i o n a l  p e ck s  o f  s u b s t a n t i a l l y  g r e a t e r  t h a n  no rm al  f o r c e .  

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

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

e x t i n c t i o n  ( F e r s t e r  and  S k i n n e r ,  1 9 5 7 ) .  Taken t o g e t h e r ,  

t h e s e  r e s u l t s  s u g g e s t  t h a t  when o t h e r  f e a t u r e s  o f  t h e  c o n ­

d i t i o n i n g  s i t u a t i o n  such  a s  r e i n f o r c e r  t y p e  ( f o o d  v s  w a t e r )  

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

n o t  c o n s t r a i n  r e s p o n s e  fo rm  by im p o s in g  an  e x p l i c i t  t o p o -

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

t i o n e d  movements o f  a  r a t h e r  c h a r a c t e r i s t i c  fo rm .

I n  o r d e r  t o  f u r t h e r  examine  t h e  s t e r e o t y p y  of  f e e d i n g  

and  c o n d i t i o n e d  r e s p o n s e s ,  means and  s t a n d a r d  d e v i a t i o n s  of 

i n d i v i d u a l  s u b j e c t s  were  p l o t t e d  i n  F i g u r e  4 f o r  t h e  same 

m ea su re s  o f  r e s p o n s e  fo rm  shown i n  F i g u r e  2 .  The c o n d i t i o n e d  

r e s p o n s e  d a t a  a r e  a g a i n  f rom  t h e  a u t o s h a p i n g  and o p e r a n t  VR3 

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

a p p a r e n t  t h a t  f o r  b o th  f e e d i n g  and  c o n d i t i o n e d  r e s p o n s e s  

t h e r e  was m o d e ra te  r e s p o n s e  v a r i a b i l i t y  b o th  w i t h i n  and b e ­

tw een  s u b j e c t s .  However no s u b j e c t ' s  mode o f  r e s p o n s e  was 

e n t i r e l y  d i f f e r e n t  and  t h e r e  was n o t i c a b l e  w i t h i n - s u b j e c t  

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

s u b j e c t s '  means i n d i c a t e d  c h a r a c t e r i s t i c  d i f f e r e n c e s .

The r e l a t i o n s h i p  be tw een  t h e  f o r c e  and  d u r a t i o n  of  

c o n d i t i o n e d  k e y p ec k s  i s  shown i n  F i g u r e s  5 and  6 which p l o t  

f o r c e  i n  grams a s  a f u n c t i o n  o f  d u r a t i o n  i n  msec t o r  i n d i ­

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

VR3 c o n d i t i o n s  w i t h  a  p l a i n  s i g n a l  and  m i lo  r e i n f o r c e r .
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The p o i n t s  i n  F i g u r e  5 fo rm  two d i s t i n c t  p o p u l a t i o n s ;  most  

o f  t h e  r e s p o n s e s  were  be tw een  3 and  20 msec w i t h  a  sm a l l  

p r o p o r t i o n  o f  p e c k s  be tw een  30 and  50 m sec .  The lower  

r a n g e  of  d u r a t i o n  e x h i b i t s  a  p o s i t i v e  c o r r e l a t i o n  w i th  

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

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

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

a l l  o f  t h e  r e s p o n s e s  above  30 msec were  of  medium t o  h ig h  

f o r c e .  The s o l i d  l i n e  i n  F i g u r e  5 shows t h e  r e l a t i o n s h i p  

b e tw een  t h e  f o r c e  and  d u r a t i o n  o f  b a l l i s t i c  im p a c t s  p r o ­

duced  by d r o p p i n g  d i f f e r e n t  w e i g h t s  f rom  10cm above  t h e  

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

f o r c e  of  im p a c t  i n c r e a s e d ,  l o n g e r  d u r a t i o n s  were  p r o d u c e d .  

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

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

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

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

Com parison  o f  t h e  s l o p e  of t h e  l i n e  and t h e  p l o t t e d  p o s i ­

t i o n s  o f  t h e  m a j o r i t y  o f  p e ck s  s u g g e s t s  t h a t  most  o f  t h e  key -  

c o n t a c t s  w ere  b a l l i s t i c  i n  n a t u r e  w i t h  d u r a t i o n s  d e te r m in e d  

by t h e  f o r c e  o f  i m p a c t .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  

n e a r l y  a l l  o f  t h e  30 t o  50 msec r e s p o n s e  d u r a t i o n s  were  

p ro d u c e d  by a  s i n g l e  a n im a l  ( s e e  #249 ,  F i g u r e  4 ) .  T h i s  b i r d  

c h a r a c t e r i s t i c a l l y  made h ig h  f o r c e  p e c k s  and  was o b s e r v e d  t o  

s t r i k e  t h e  key  a t  a  s l i g h t  a n g l e  so  t h a t  b eak  c o n t a c t  i n ­

v o l v e d  a l a t e r a l  movement on t h e  key  ( a  l a t e r a l  movement 

d u r i n g  k e y p e c k in g  i n v o l v i n g  a  r o s t r a l  t o  c a u d a l  head  r o t a -
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t i o n  a s  t h e  beak c l o s e s  was a l s o  r e p o r t e d  by S m i th ,  1 9 7 4 ) ,

I n  F i g u r e  6 a  s i m i l a r  h i g h  p o s i t i v e  c o r r e l a t i o n  be tw een  t h e  

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

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

g r e a t e r  t h a n  30 msec d u r a t i o n .

A d d i t i o n a l  s u p p o r t  f o r  t h e  v i e w  t h a t  many k eypeck  

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

and  p h y s i c a l  p r o p e r t i e s  o f  t h e  t r a n s d u c t i o n  sy s te m  ( a c t i v a ­

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

by F i g u r e  7 which  shows t h r e e  t y p i c a l  f o r c e - t i m e  r e c o r d s  

f o r  peck s  o b t a i n e d  i n  t h e s e  e x p e r i m e n t s .  The u p p e rm o s t  wave­

form  t y p i f i e s  t h e  v a s t  m a j o r i t y  o f  r e s p o n s e s :  I t  c o n s i s t s  of 

a s i n g l e  peak  t h a t  i s  r e l a t i v e l y  s y m m e t r i c a l .  I t  c an  be 

seen  f ro m  t h e  shape  o f  t h i s  waveform t h a t  a s  t h e  h e i g h t  

o f  t h e  p eak  ( f o r c e )  i n c r e a s e s ,  t h e  w i d t h  a t  t h e  b a s e  ( d u r a ­

t i o n )  w i l l  g r a d u a l l y  i n c r e a s e .  The m id d l e  waveform was t h e  

second  most  common. I t  h a s  a  b im o d a l  sh a p e  w i t h  t h e  f i r s t  

peak h i g h e r  t h a n  t h e  s e c o n d .  Between t h e  p e a k s ,  t h e  wave­

form c r o s s e s  t h e  f o r c e  t h r e s h o l d  v a l u e  so  t h a t  o n l y  t h e  

d u r a t i o n  o f  t h e  f i r s t  p e ak  was m e a su re d  i n  t h e s e  e x p e r i ­

m e n ts .  T o g e t h e r  t h e s e  two waveforms make up  t h e  p o p u l a t i o n  

of p e ck s  f o r  which  f o r c e  and  d u r a t i o n  w ere  c o r r e l a t e d .  The 

b o t tom  waveform shows how t h e  l o n g e r  d u r a t i o n s  were  p r o ­

du ced .  Long d u r a t i o n  p e c k s  a l s o  t y p i c a l l y  p ro d u c e d  a  

b im oda l  waveform, b u t  i n  t h i s  c a s e  t h e r e  was o f t e n  s u b s t a n ­

t i a l  f o r c e  and  d u r a t i o n  was r e c o r d e d  t o  t h e  end of  t h e  second  

p e ak .  C a r e f u l  c o n s i d e r a t i o n  o f  S m i t h ' s  (1 9 7 4 )  p h o t o g r a p h i c
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a n a l y s i s  o f  p e c k in g  t o p o g r a p h y  s u g g e s t s  t h a t  t h i s  secon d  

peak  i s  p ro d u ce d  d u r i n g  t h e  b eak  c l o s i n g  t h a t  o f t e n  f o l l o w s  

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

r e s p o n s e .

R e l a t i v e  f r e q u e n c y  d i s t r i b u t i o n s  f o r  peck  d u r a t i o n ,  i n  

2 msec c l a s s  i n t e r v a l s ,  a r e  shown i n  F i g u r e s  8 and  9 f o r  t h e  

a u t o s h a p i n g  and  o p e r a n t  VR3 c o n d i t i o n s .  Both  d i s t r i b u t i o n s  

a r e  f a i r l y  s y m m e t r i c a l ,  p e a k in g  a t  t h e  8 -10  msec i n t e r v a l  

f o r  t h e  o p e r a n t  g ro u p  and  t h e  10-12 msec i n t e r v a l  f o r  t h e  

a u t o s h a p i n g  g r o u p .  The d u r a t i o n  d i s t r i b u t i o n  f rom  t h e  

o p e r a n t  c o n d i t i o n  shows somewhat l e s s  v a r i a t i o n ,  and  b o th  

d i s t r i b u t i o n s  show a s l i g h t  skew to w a rd  s h o r t e r  d u r a t i o n  

v a l u e s .  The most  n o t a b l e  d i f f e r e n c e  i s  t h e  o c c u r a n c e  of  a 

s m a l l  p r o p o r t i o n  o f  r e s p o n s e s  i n  t h e  i n t e r v a l  be tw een  36 and 

44 msec f o r  t h e  a u t o s h a p i n g  g r o u p .  As s t a t e d  p r e v i o u s l y ,  

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

a n im a l  a n d  were  s u f f i c i e n t l y  i n f r e q u e n t  t h a t  t h e r e  was l i t t l e  

e f f e c t  on t h e  a u t o s h a p i n g  g ro u p  mean f o r  d u r a t i o n .  Thus,  

t h e r e  was no e v i d e n c e  t h a t  o p e r a n t  and  a u t o s h a p i n g  c o n t i n ­

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

be d i s t i n g u i s h e d  on t h e  b a s i s  o f  d u r a t i o n .

I n  summary, t h e  d a t a  f o r  f o r c e  a n d  d u r a t i o n  i n d i c a t e  

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

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

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

Most o f  t h e  d u r a t i o n  v a l u e s  m easu red  i n  t h i s  s t u d y  were 

p r i m a r i l y  d e te r m i n e d  by t h e  f o r c e  o f  k e y - c o n t a c t  and
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k ey peck  d u r a t i o n  d i d  n o t  s e r v e  t o  d i s t i n g u i s h  be tw een  

c o n d i t i o n i n g  p a r a d ig m s .

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

b e tw een  f e e d i n g  and  c o n d i t i o n e d  r e s p o n s e s .  B e f o re  c o n s i ­

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

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

f e e d i n g  p eck s  t o  s e e d s .  ( Z e i g l e r  e t . a l , ,  1980) The c o n t r o l  

o f  peck  t r a j e c t o r y  must  a p p a r e n t l y  be  p r e - d e t e r m i n e d  on t h e  

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

downward movement s t a r t s ,  b e c a u s e  t h e  eye  b e g i n s  t o  c l o s e  

soon  a f t e r  h e a d - d e s c e n t  i s  i n i t i a t e d .  S i n c e  t h e  v i s u a l  

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

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

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

d i t i o n i n g  s i t u a t i o n  was e xam in ed .  B lac k  d o t s  o f  d i f f e r e n t  

s i z e s  were  p r o j e c t e d  on t h e  key  w i t h  a w h i t e  i l l u m i n a t e d  

b ack g ro u n d  and  t h e s e  s t i m u l i  c an  be c o n s i d e r e d  s i g n a l s  w i t h  

t a r g e t s .  F o r  w h i t e  d o t s  on a  d a r k  b ack g ro u n d  t h e  t a r g e t  was 

t h e  s i g n a l .  (The f l o o r  s u r r o u n d i n g  t h e  key  was p a i n t e d  

b l a c k . )  S i n c e  t h e  t a r g e t s  w ere  p r o j e c t e d  u n i f o r m l y  i n  t h e  

c e n t e r  o f  t h e  r e s p o n s e  k e y ,  f rom  t h e  p h o to g r a p h  o f  e a c h  peck  

i t  was p o s s i b l e  t o  r e c o r d  t h o s e  r e s p o n s e s  f o r  which  t h e  b e a k -  

t i p  c o n t a c t  was c e n t e r e d  o v e r  o r  on t h e  k e y - t a r g e t  s .  F i g u r e  

10 shows t h e  p e r c e n t a g e  o f  p e c k s  t h a t  w ere  d i r e c t e d  a t  t h e  

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

g r o u p s .  I t  i s  a p p a r e n t  t h a t  b o t h  g ro u p s  d i r e c t e d  a  s u b s t a n ­

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

F o r  t h e  a u t o s h a p i n g  g ro u p  347, o f  t h e  t o t a l  r e s p o n s e s  i n  t h e  

w h i t e  d o t  c o n d i t i o n  w ere  l o c a t e d  on t h e  t a r g e t ,  w h i l e  177o 

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

F o r  t h e  o p e r a n t  g ro u p  s t i m u l u s  c o n t r o l  by w h i t e  d o t  s t i m u l i  

was b e t t e r ,  w i t h  557. o f  r e s p o n s e s  on t a r g e t  compared  t o  o n ly  

57. o f  r e s p o n s e s  on t a r g e t  i n  t h e  b l a c k  d o t  c o n d i t i o n .  A 

l o g i t  a n a l y s i s  f o r  c a t e g o r i c a l  d a t a  ( G r i z z l e ,  S t a r m e r  and 

Koch, 1969) c o n f i r m e d  t h a t  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  

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

t i o n s  ( c h i - s q u a r e  = 5 0 . 7 9 ,  P < , 0 0 0 1 ) ,  a s  w e l l  a s  a  s i g n i f i ­

c a n t  g rou p  by  d o t  i n t e r a c t i o n  ( c h i - s q u a r e  = 1 5 , 8 9 ,  P < . 0 0 0 1 ) .  

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

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

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

d i f f e r e n c e s  were  a l s o  s t a t i s t i c a l l y  d i f f e r e n t  be tw een  t h e  

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

w h i t e - d o t  c o n d i t i o n  r e v e a l e d  t h a t  t h e  d i f f e r e n c e  i n  t h e  

p e r c e n t a g e s  o f  r e s p o n s e s  on t a r g e t  f o r  t h e  a u t o s h a p i n g  and  

o p e r a n t  g ro u p s  (347. v s .  557.) was s t a t i s t i c a l l y  s i g n i f i c a n t  

( c h i - s q u a r e  = 1 6 . 4 1 ,  P < . 0 0 1 ) ,  a l t h o u g h  su ch  a q u a n t i t a t i v e  

d i f f e r e n c e  be tw ee n  t h e  c o n d i t i o n i n g  g r o u p s  s h o u ld  p e r h a p s  

be  c o n s i d e r e d  t e n t a t i v e  w i t h  o n l y  f i v e  s u b j e c t s  p e r  g ro u p .  

T h ese  r e s u l t s  i n d i c a t e  t h a t  p i g e o n s  w i l l  d i r e c t  p e c k s  a t  

l o c a l i z e d  s i g n a l s  ( t h e  w h i t e  d o t s )  i n  c o n d i t i o n i n g  s i t u a ­

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

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

p r o p e r t i e s  more s i m i l a r  t o  fo o d  s t i m u l i ,  c o n d i t i o n i n g  

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

r e s p o n s e  k e y .  T h i s  p r o v i d e d  a  t h r e e - d i m e n s i o n a l  t a r g e t  

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

c o n d i t i o n i n g  s i g n a l  c o n t i n u e d  t o  be t h e  i l l u m i n a t i o n  of  

t h e  r e s p o n s e  k e y .  F i g u r e  11 shows t h e  p e r c e n t a g e  o f  b i r d s  

i n  t h e  a u t o s h a p i n g  a n d  o p e r a n t  g ro u p s  t h a t  pecked  a t  t h e  

s e e d  f o r  t h e  f i r s t  15 s u c c e s s i v e  pecks  r e c o r d e d  i n  t h e  

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

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

making c o n t a c t  w i t h  t h e  s e e d  d e c l i n e d .  By a b o u t  t h e  e i g h t h  

peck  t h e  b i r d s  no  l o n g e r  t r e a t e d  t h e  s e e d  a s  a t a r g e t ,  

t y p i c a l l y  p e c k i n g  a ro u n d  t h e  s e e d  on t h e  p e r i p h e r y  of  t h e  

k e y .  The f o r c e s  o f  k e y p e c k s  i n  t h e  s e e d - k e y  c o n d i t i o n ,  f o r  

p e c k s  b o th  on and  o f f  t h e  s e e d ,  were  w i t h i n  t h e  t y p i c a l  

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

n o t  v a r y  s y s t e m a t i c a l l y  d u r i n g  t h e  s e s s i o n .  T h ere  was a l s o  

no a p p a r e n t  d i f f e r e n c e  i n  b eak  o p e n in g  f o r  pe ck s  on and  o f f  

t h e  k e y .  I t  i s  a l s o  i m p o r t a n t  t o  n o t e  t h a t  t h e  number of 

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

o n l y  t h e  l o c a t i o n  o f  p e c k s  was a l t e r e d .  T h i s  s o r t  of  o u t ­

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

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

a p p r o p r i a t e  p r o x i m a te  f e e d b a c k  o f  a  s e ed  i n  t h e  mouth t o  be 

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

by d e l a y e d  f e e d b a c k  p r o v i d e d  by s u b s e q u e n t  a c c e s s  t o  g r a i n .
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A n o th e r  a s p e c t  o f  t h e  p e c k in g  r e s p o n s e  t h a t  was e x p e c te d  

t o  be c o n t r o l l e d  by v i s u a l  s t i m u l u s  p r o p e r t i e s  was g a p e .

The p h o to g ra p h  o f  t h e  p i g e o n 's  f e e d i n g  p eck  i n  F i g u r e  3 

shows t h a t  t h e  e x t e n t  o f  beak  o p e n in g  a t  t h e  moment o f  se ed  

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

s e e d .  The d a t a  i n  F i g u r e  12 c o n f i r m  t h a t  a c r o s s  a  r a n g e  of 

s e e d  s i z e s  b e ak  o p e n in g  a t  t h e  moment o f  s e e d - c o n t a c t  i s  

p r o p o r t i o n a l  t o  t h e  d i a m e te r  o f  t h e  s e e d .  F i g u r e  12 p l o t s  

gape  i n  mm a s  a  f u n c t i o n  o f  s e e d  d i a m e te r  i n  mm f o r  i n d i v i ­

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

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

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

i n d i c a t e  p e ck s  f o r  w hich  b e ak  o p e n in g  was i n s u f f i c i e n t  t o  

g r a s p  t h e  s e e d .  I t  i s  c l e a r  t h a t  gape  i n c r e a s e d  a s  seed  

s i z e  i n c r e a s e d  and  t h a t  f o r  t h e  m a j o r i t y  o f  p e c k s ,  beak  

o p e n in g  was s l i g h t l y  g r e a t e r  t h a n  t h e  s e e d  d i a m e t e r .  How­

e v e r ,  t h e r e  was a  s u b s t a n t i a l  num ber o f  p e ck s  on w hich  beak  

o p e n in g  was l e s s  t h a n  s e e d  d i a m e te r  and  t h e  r e l a t i v e  p r o p o r ­

t i o n  o f  t h e s e  e r r o r s  i n c r e a s e d  w i t h  g r e a t e r  s e e d  s i z e .

The f i n d i n g  t h a t  r e s p o n s e s  w i th  beak  o p e n in g  s m a l l e r  

t h a n  s e e d  d i a m e te r  i n c r e a s e d  i n  f r e q u e n c y  w i th  l a r g e r  s e e d s  

was f u r t h e r  i n v e s t i g a t e d  by e x am in in g  t h e  r e l a t i o n s h i p  

b e tw een  gape and  se e d  s i z e  a c r o s s  s u c c e s s i v e  p e c k s .  F ig u r e  

13 shows t h e  mean d i f f e r e n c e  ( e r r o r )  i n  mm be tw een  gape  and 

s e e d  d i a m e te r  f o r  s u c c e s s i v e  b lo c k s  o f  two p e c k s  from  e i g h t  

b i r d s .  Means f o r  e a t i n g  t h r e e  s i z e s  o f  s e e d  a r e  shown.
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M ilo  r a n g i n g  from  tw o t o  f o u r  mm i n  d i a m e te r  was t e s t e d  

f i r s t  a n d  f o r  a l l  b i r d s  t h e  s i z e  o f  beak  o p e n in g  was g r e a t e r  

t h a n  s e e d  d i a m e t e r  f o r  n e a r l y  e v e r y  p e c k .  M ilo  was t h e  o n ly  

fo o d  g iv e n  i n  t h e  home c a g e ,  so  t h e  b i r d s  had  e x t e n s i v e  

e x p e r i e n c e  e a t i n g  s e e d s  o f  t h i s  s i z e .  F iv e  t o  se v en  mm p e a s  

w ere  t e s t e d  n e x t  and  many a n im a ls  made e r r o r s  (g a p e  l e s s  

t h a n  se e d  s i z e )  d u r in g  t h e  f i r s t  s e v e r a l  r e s p o n s e s ,  b u t  

w i t h i n  t h r e e  t o  f o u r  p e c k s  b e ak  o p e n in g  was a d j u s t e d  and  few  

e r r o r s  w ere  made t h e r e a f t e r .  F o l lo w in g  t h e  p e a s ,  t h e  b i r d s  

w ere  g iv e n  9 -1 2  mm g a rb a n z o  b e a n s  t o  e a t .  F o r  t h i s  l a r g e  

d i a m e te r  fo o d  n e a r l y  a l l  b i r d s  made e r r o r s  i n i t i a l l y  a s  

shown by t h e  mean n e g a t i v e  v a l u e  f o r  t h e  f i r s t  b lo c k  o f 

p e c k s ,  f o l lo w e d  by a  g r a d u a l  r i s e  r e f l e c t i n g  i n c r e a s e d  gape 

a c r o s s  s u c c e s s i v e  p e c k s .  Only i n  t h e  f i n a l  b lo c k  (p e c k s

9 -1 0 )  d id  t h e  mean e r r o r  f o r  t h e  l a r g e s t  s e e d s  r e a c h  a p o s i ­

t i v e  v a lu e  e q u i v a l e n t  t o  t h e  s m a l l e r  s e e d  t y p e s .

E x a m in a t io n  o f  t h e  f a c t o r s  c o n t r o l l i n g  gape  i n  c o n ­

d i t i o n i n g  s i t u a t i o n s  p r o v id e d  good e v id e n c e  t h a t  g a p e ,  by 

c o m p a r is o n  t o  peck  f o r c e  an d  l o c a t i o n ,  may be a  good b e h a ­

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

and  c o n d i t i o n e d  r e s p o n s e s .  F i g u r e  14 shows mean gape  i n  mm 

a s  a f u n c t i o n  o f  t a r g e t  s i z e  i n  mm f o r  s i g n a l s  w i t h  w h i t e  o r  

b l a c k  d o t  s t i m u l i .  D a ta  f o r  b o th  a u to s h a p i n g  and  o p e r a n t  

c o n d i t i o n i n g  g ro u p s  a r e  g iv e n .  F o r  t h e  a u to s h a p i n g  g roup  

n e i t h e r  w h i t e  n o r  b l a c k  d o t s  p ro d u c e d  any  n o t i c e a b l e  change  

i n  b e ak  o p e n in g .  I n  t h e  o p e r a n t  g ro u p ,  gape  s i z e  was n o t  

i n f l u e n c e d  by s i g n a l s  w i t h  b l a c k  d o t s ,  b u t  f o r  t h e  w h i te  d o t
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s i g n a l s  t h e r e  was a  s l i g h t  e f f e c t  f o r  t h e  s m a l l e s t  and  

l a r g e s t  t a r g e t  s i z e s .  A l th o u g h  t h e  v a l u e s  f o r  b e ak  o p e n in g  

w ere  n o t  ev en  c l o s e  t o  t h e  d i a m e te r s  o f  t h e  t a r g e t s ,  t h e  

2-mm w h i te  d o t s  p ro d u c e d  t h e  s m a l l e s t  mean gape (4.8mm) 

and  t h e  14-mm d o t s  t h e  l a r g e s t  (7 .7m m ). S m all  d i f f e r e n c e s  

i n  gape f o r  2mm and  14mm t a r g e t s  w ere  a p p a r e n t  f o r  a l l  f i v e  

s u b j e c t s  i n  t h e  o p e r a n t  g ro u p  and  t h e r e f o r e  s t a t i s t i c a l l y  

s i g n i f i c a n t  ( P < . 0 5 ,  W ilcoxon  m a t c h e d - p a i r s  o f  s i g n e d - r a n k s  

t e s t ) .  I t  i s  o f i n t e r e s t  t h a t  t h e  o p e r a n t  c o n d i t i o n  w i th  

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

g e t  ( s e e  F i g .  1 0 ) .  C o n s id e r in g  o n ly  t h o s e  r e s p o n s e s  on 

t a r g e t  ( a b o u t  557. o f t h e  t o t a l )  d id  n o t  s u b s t a n t i a l l y  im prove  

t h e  r e l a t i o n s h i p  be tw een  gape  and t a r g e t  s i z e ,  i n d i c a t i n g  

t h a t  peck  l o c a t i o n  and  gape w ere  n o t  c o r r e l a t e d .  T h u s ,  i t  

a p p e a r s  t h a t  t h e  v i s u a l  s t im u lu s  p r o p e r t i e s  o f  s i g n a l s  i n  

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

p e c k in g  r e s p o n s e  fo rm .

A lth o u g h  beak  o p e n in g  o f  c o n d i t i o n e d  k e y p ec k s  d i d  n o t  

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

s e e d s  g iv e n  a s  r e i n f o r c e m e n t  r e s u l t e d  i n  a  s i g n i f i c a n t  change  

i n  g a p e .  F ig u r e  15 p r e s e n t s  g ro u p  means f o r  gape  i n  mm f o r  

r e s p o n s e s  o b t a i n e d  w i th  m ilo  o r  pea  r e i n f o r c e r s  i n  t h e  a u t o ­

s h a p in g  and  o p e r a n t  VR3 c o n d i t i o n s .  F o r  b o th  g ro u p s  t h e  

l a r g e r  pea  r e i n f o r c e r s  p ro d u c e d  p e c k s  w i th  w id e r  g a p e .  T a b le  

VI co m pares  mean gape  f o r  e a c h  s u b j e c t  w i th  m i lo  and  pea 

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

c o n s i s t e n t  a c r o s s  s u b j e c t s  i n  b o th  g r o u p s .  M oreov er ,  t h e
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a s  t h e  d i f f e r e n c e  i n  t h e  a v e r a g e  s i z e  o f  t h e  two ty p e s  of 

r e i n f o r c e r .  Thus f o r  b o th  c o n d i t i o n i n g  g ro u p s ,  t h e  a v e ra g e  

beak  o p e n in g  was t h e  s i z e  a p p r o p r i a t e  f o r  e a t i n g  t h e  p a r t i ­

c u l a r  s e e d  g iv e n  a s  r e i n f o r c e m e n t .  C o n s id e r in g  t h a t  i n  th e  

f e e d i n g  s i t u a t i o n  gape a l s o  seemed t o  be  a d j u s t e d  p r i m a r i l y  

on t h e  b a s i s  o f  t h e  s i z e  o f  s e e d s  p r e v i o u s l y  e a t e n  ( e g .  F ig .  

1 3 ) ,  i t  a p p e a r s  t h a t  f o r  b o th  f e e d i n g  and  c o n d i t i o n e d  r e s ­

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

by p r e v i o u s  e x p e r i e n c e  r a t h e r  t h a n  v i s u a l  in f o r m a t io n  

a v a i l a b l e  b e f o r e  e a c h  peck  was i n i t i a t e d .

D i s c u s s io n

I t  i s  a p p a r e n t  t h a t  d e t a i l e d ,  q u a n t i t a t i v e  a n a l y s i s  of 

t h e  fo rm  o f  t h e  p i g e o n ' s  p e c k in g  r e s p o n s e  d o es  n o t  s u p p o r t  

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

c e n t r a l l y  p r e o r g a n i z e d  consum m atory  r e s p o n s e  t h a t  n o rm a l ly  

m e d ia te s  i n g e s t i o n  o f  fo o d  and  s e c o n d a r i l y  can  be r e d i r e c t e d  

t o  r e s p o n s e  k e y s  by v a r i o u s  c o n d i t i o n i n g  p a ra d ig m s .  What can  

be s a i d  i s  t h a t  t h e  movements m e d ia t in g  f e e d i n g  and  c o n ­

d i t i o n e d  r e s p o n d in g  b e a r  a s t r o n g  r e s e m b la n c e  t o  one 

a n o t h e r .  B u t ,  t o  a c c o u n t  f o r  why t h i s  s i m i l a r i t y  e x i s t s ,  i t  

i s  n o t  n e c e s s a r y  t o  in v o k e  a  u n i t a r y  b e h a v i o r a l  c o n s t r u c t  

f o r  b o th  b e h a v io r s  l i k e  t h e  r e l e a s e  o f  a common f e e d i n g  

f i x e d  a c t i o n  p a t t e r n  o r  e l i c i t a t i o n  ( s u b s t i t u t i o n )  o f  an 

u n c o n d i t i o n e d  ( f e e d i n g )  r e s p o n s e .  The r e s u l t s  o f  t h i s  s tu d y  

c l e a r l y  show t h a t  b o th  f e e d i n g  and  c o n d i t i o n e d  r e s p o n s e s  a r e
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composed o f  s e v e r a l  b e h a v i o r a l  e le m e n t s ,  each  o f w hich  may 

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

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

tw een  t h e s e  b e h a v io r s  r e q u i r e s  an  a n a l y s i s  o f t h e  p ro x im a te  

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

e le m e n ts  i n t o  s p e c i f i c  movement p a t t e r n s .  Both f e e d i n g  and 

c o n d i t i o n e d  movements i n v o lv e  a  p e c k in g  r e s p o n s e  and  t h e r e ­

f o r e  u t i l i z e  t h e  same e f f e c t o r  sy s te m s  ( e g .  m u sc le s  of t h e  

ja w  c o n t r o l l i n g  g a p e ,  m u sc le s  o f  t h e  n e ck  c o n t r o l l i n g  peck  

l o c a t i o n ,  e t c . ) .  M oreo ver ,  each  e f f e c t o r  sy s te m  must depend 

upon a c e n t r a l  n e u r a l  o r g a n i z a t i o n  t h a t  w i l l  u n d o u b te d ly  

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

o u t p u t s .  F i n a l l y ,  b o th  movement p a t t e r n s  may s h a r e  s i m i l a r  

s o u r c e s  o f c o n t r o l  by s t i m u l u s  i n p u t  f o r  g u id a n c e  and  o r i e n ­

t a t i o n .  T h ese  may be  e x t e r n a l  s t im u lu s  f a c t o r s  o r  r e s p o n s e -  

p ro d u ce d  s e n s o r y  b e e d b a c k .  T hus, w i th o u t  d e t a i l e d  a n a l y s i s  

o f  t h e  u n d e r l y i n g  m echan ism s, t h e  o r g a n i z a t i o n  and  c o n t r o l  

o f  t h e  movements com posing  t h e s e  b e h a v io r s  re m a in s  u n r e s o l v e d .

The c o n t r o l  o f  eye  c l o s u r e  p r o v id e s  a n  exam ple  o f  an 

e le m e n t  t h a t  was common t o  b o th  f e e d i n g  and c o n d i t i o n e d  

r e s p o n s e s .  A l th o u g h  e q u i v a l e n t  eye  c l o s u r e  d u r in g  t h e  peck  

was se e n  i n  b o th  b e h a v i o r s ,  s e v e r a l  o b s e r v a t i o n s  s u g g e s t  

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

a c c e l e r a t i o n  o f  t h e  head  p ro d u ce d  by b o th  m ovem ents. F i r s t ,  

t h e  eye  c an  be o b s e rv e d  t o  c l o s e  d u r in g  r a p i d  w i th d ra w a l  of 

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

n o t  n e c e s s a r i l y  a v i s u a l  r e f l e x  r e s p o n s e  t o  t h e  r a p i d l y
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e n l a r g i n g  im age p ro d u c e d  by downward movement o f t h e  head a s  

s u g g e s te d  by Z e i g l e r  e t . a l .  ( 1 9 8 0 ) .  I n  a d d i t i o n ,  t h e  eye 

a l s o  c l o s e s  d u r in g  t h e  h e a d - d e s c e n t  p h a se  of t h e  p i g e o n 's  

d r i n k i n g  r e s p o n s e  ( K l e i n  and  LaMon, 1 9 8 1 ) .  I t  t h e r e f o r e  

seems more l i k e l y  t h a t  eye  c l o s u r e  i s  t h e  r e s u l t  o f  a 

r e f l e x  t o  s t i m u l a t i o n  o f  t h e  v e s t i b u l a r  sy s te m  p ro d u ce d  by 

r a p i d  head  a c c e l e r a t i o n .  T h u s , a l t h o u g h  te m p o ra ly  c o r r e l a t e d  

w i th  p e c k in g  r e s p o n s e s ,  ey e  c l o s u r e  do es  n o t  s h a r e  a common 

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

i n d e p e n d e n t l y  by m ovem en t-p rod uced  s t i m u l a t i o n  common t o  

b o th  f e e d i n g  and  c o n d i t i o n e d  r e s p o n s e s .

A n o th e r  b e h a v i o r a l  e le m e n t  t h a t  a p p e a re d  t o  have  a  

s i m i l a r  s o u r c e  o f  c o n t r o l  i n  b o th  c o n d i t i o n e d  k e y p e c k s  and 

f e e d i n g  was b eak  o p e n in g .  The f i n d i n g  t h a t  a  chang e  i n  seed  

s i z e  d u r in g  f e e d i n g  d i d  n o t  r e s u l t  i n  an  im m ed ia te  a d j u s t ­

ment o f  b e ak  o p e n in g  on s u b s e q u e n t  p e ck s  was somewhat 

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

Z e i g l e r  e t . a l .  ( 1 9 8 0 ) ,  gape  i s  n o t  p r i m a r i l y  o r  e x c l u s i v e l y  

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

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

of gape  d u r in g  f e e d i n g ,  e i t h e r  by i n f l u e n c i n g  t h e  c a l i b r a ­

t i o n  of t h e  s e n s o r y - m o to r  t r a n s f o r m  m e d ia t in g  v i s u a l  s t im u lu s  

i n p u t  t o  gape  o u t p u t ,  o r  by d i r e c t l y  a f f e c t i n g  gape th ro u g h  

a l i n k  b e tw ee n  s o m a to s e n s o ry  i n f o r m a t i o n  and  beak  o p e n in g  

on s u b s e q u e n t  p e c k s .  I n  t h e  c o n d i t i o n i n g  s i t u a t i o n ,  s i m i l a r  

f a c t o r s  a p p e a re d  t o  d e te r m in e  b e a k  o p e n in g  f o r  k e y p e c k s .  

V i s u a l  t a r g e t  s t i m u l i  p r e s e n t e d  w i th  c o n d i t i o n i n g  s i g n a l s
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had  a v e ry  m in im al i n f l u e n c e  on g a p e ,  w h i l e  a  chang e  i n  t h e  

s i z e  o f  t h e  r e i n f o r c e r  n o t  o n ly  r e s u l t e d  i n  an  e q u i v a l e n t  

ch an g e  i n  g a p e ,  b u t  seemed t o  p ro d u c e  k e y p e c k s  w i th  t h e  

e x t e n t  o f  beak  o p e n in g  a p p r o p r i a t e  f o r  e a t i n g  t h e  p a r t i c u l a r  

s i z e  r e i n f o r c e r .  T h ese  f i n d i n g s  i n d i c a t e  t h a t  beak  o p e n in g  

d u r in g  f e e d i n g  and  c o n d i t i o n e d  k e y p e c k in g  was n o t  p r i m a r i l y  

t in d e r  p ro x im a te  ( v i s u a l )  s t i m u l u s  c o n t r o l ,  b u t  r e f l e c t e d  a 

s e t  ( e x p e c ta n c y )  d e te r m in e d  by t h e  s i z e  o f t h e  fo o d  

p r e v i o u s l y  i n g e s t e d .

J u s t  a s  common s t i m u l u s  f a c t o r s  ( e g .  h e ad  a c c e l e r a t i o n )  

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

duced  i n  d i f f e r e n t  b e h a v i o r a l  c o n t e x t s ,  d i f f e r e n c e s  i n  

o r i e n t i n g  s t i m u l i  an d  r e s p o n s e - p r o d u c e d  s e n s o r y  f e e d b a c k  can  

be e x p e c te d  t o  r e s u l t  i n  c o n t r a s t s  i n  r e s p o n s e  fo rm . The 

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

k e y p ec k s  an d  f e e d i n g  r e s p o n s e s  may be  a t  l e a s t  p a r t l y  a t t r i ­

b u t a b l e  t o  su ch  d i f f e r e n c e s .  The f e e d i n g  peck  i s  d i r e c t e d  t o  

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

i n  t h e  a p p r o p r i a t e  i n t r a - o r a l  so m a to s e n s o ry  i n f o r m a t i o n  from  

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

su b s e q u e n t  g r a s p i n g ,  m a n d ib u la t io n  and  sw a l lo w in g  e le m e n ts  

o f  t h e  f e e d i n g  r e s p o n s e  s e q u e n c e .  The c o n d i t i o n e d  keyp eck  

i s  d i r e c t e d  t o  a  f l a t ,  tw o -d im e n s io n a l  i l l u m i n a t e d  s u r f a c e  

and  does  n o t  p ro d u c e  t h e  same s e n s o ry  f e e d b a c k  a s  fo o d  in  

t h e  m outh . T h us , t h e  s u b s t a n t i a l  i n c r e a s e  i n  t h e  f o r c e  o f  

c o n d i t i o n e d  k e y p ec k s  may r e s u l t  f rom  t h e  d i f f e r e n c e  i n  th e  

o b j e c t  t o  w hich  t h e  p e ck  i s  d i r e c t e d  and  t h e  f a i l u r e  o f  t h e
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p e c k s  t o  p ro d u c e  a p p r o p r i a t e  s e n s o r y  f e e d b a c k .

U n f o r t u n a t e ly  t h i s  i n t e r p r e t a t i o n  c a n n o t  be t h e  

c o m p le te  e x p l a n a t i o n  f o r  why t h e  fo rm  o f  c o n d i t i o n e d  k e y ­

peck  s h o u ld  be d i f f e r e n t  from  t h e  e a t i n g  p e c k ,  s i n c e  i t  

s h o u ld  n o t  be  assum ed t h a t  t h e  p ig e o n  i s  l i t e r a l l y  t r y i n g  t o  

e a t  t h e  key  ( a l t h o u g h  i n  some s e n s e  t h i s  i s  w hat J e n k in s  and 

Moore (1 9 7 3 )  an d  W oodruff an d  W i l l ia m s ,  (1 9 7 6 )  w ere  p r o ­

p o s in g )  and  ev en  h ig h  f o r c e  p e c k s  a r e  no more e f f e c t i v e  i n  

p ro d u c in g  p ro x im a te  o r a l  fo o d  s t i m u l i .  The f a c t  t h a t  t h e  

p r o p e n s i t y  t o  peck  r e m a in s  u n d im in is h e d  u n d e r  c i r c u m s ta n c e s  

w here  t h e  im m ed ia te  outcom e o f  r e s p o n d in g  i s  n o t  l i k e  t h a t  

o f  e a t i n g  s u g g e s t s  t h a t  t h e  c o n d i t i o n e d  k ey p eck  i s  more 

t h a n  a  m is g u id e d  f e e d i n g  r e s p o n s e  and  may r e f l e c t  i n  p a r t  a  

n a t u r a l  t e n d e n c y  t o  i n t e r a c t  w i t h  s i g n a l s  f o r  im pend ing  fo o d  

s t i m u l i .  T h is  i s  e x a c t l y  what i s  r e q u i r e d  o f  t h e  a n im a l  in  

t h e  o p e r a n t  c o n d i t i o n i n g  s i t u a t i o n .  The a u to s h a p in g  p a r a ­

digm may a l s o  p r o v id e  a s i t u a t i o n  i n  w hich  t h e  a n im a l s '  

s i g n a l  c o n t a c t  s e r v e s  an  e x p l o r a t o r y  r o l e ,  s i n c e  i t  would 

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

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

d i t i o n e d  c o n t a c t  r e s p o n s e  may be d e s c r i b e d  a s  h a v in g  an  

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

( C r a i g ,  1 9 1 8 ) ;  and  t h i s  r e a f f i r m s  t h e  f a c t  t h a t  t h e  

c o n d i t i o n e d  r e s p o n s e  i s  n o t  f e e d i n g .  T hus, t h e  r e s p o n s e s  

o b t a i n e d  i n  b o th  a u to s h a p i n g  and  o p e r a n t  c o n d i t i o n i n g  

s i t u a t i o n s  may be a s  much ' s i g n a l  a p p r o p r i a t e '  a p p e t i t i v e  

b e h a v io r  a s  ' r e i n f o r c e r  a p p r o p r i a t e '  consum m atory b e h a v io r



43

t h a t  has  b e en  r e d i r e c t e d  t o  ( o r  e l i c i t e d  by) t h e  s i g n a l .

The c o n t r o l  o f  peck  l o c a t i o n  p r o v id e d  a n o th e r  e le m e n t  

o f  r e s p o n s e  fo rm  t h a t  s e r v e d  t o  d i f f e r e n t i a t e  f e e d i n g  and 

c o n d i t i o n e d  r e s p o n s e s .  S in c e  t h e  f e e d i n g  peck  f u n c t i o n s  a s  

a  means f o r  m aking c o n t a c t  w i th  fo o d  p r i o r  t o  i n g e s t i o n ,  

c o n s i s t e n t  and  a c c u r a t e  o r i e n t a t i o n  o f  peck  l o c a t i o n  by 

fo o d  s t i m u l i  i s  a n e c e s s i t y .  By c o n t r a s t ,  o r i e n t a t i o n  t o  

t h e  t a r g e t  s t i m u l i  a s s o c i a t e d  w i th  s i g n a l s  was n o t  a r e q u i r e ­

ment o f  t h e  c o n d i t i o n e d  r e s p o n s e  and  was n e v e r  r e l i a b l y  

e x h i b i t e d .  The number o f  p e ck s  l o c a t e d . o n  t h e  b l a c k  d o t  

t a r g e t s  was no more t h a n  w ould  be e x p e c te d  by c h a n c e .  The 

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

p ro b a b ly  t h e  r e s u l t  o f  t h e  te n d e n c y  t o  p eck  a t  a  more l o c a l ­

i z e d  s i g n a l ,  s i n c e  s t i m u l u s  c o n t r o l  was n o t  c o n s i s t e n t  and  

t h e r e  was no a p p a r e n t  r e l a t i o n s h i p  be tw een  gape and t a r g e t  

s i z e  f o r  p e c k s  l o c a t e d  on t a r g e t .  The l o s s  o f s t im u lu s  

c o n t r o l  o f  p e c k  l o c a t i o n  a c r o s s  s u c c e s s iv e  r e s p o n s e s  i n  t h e  

s e e d -k e y  c o n d i t i o n  was t h e  m ost c o m p e l l in g  e v id e n c e  t h a t  f o r  

b o th  c o n d i t i o n i n g  g ro u p s  keyp eck  l o c a t i o n  was u n d e r  ou tcom e- 

c o n t i n g e n t  c o n t r o l  and  t h a t  t h e  p ro x im a te  s e n s o r y  fe e d b a c k  

from  k e y p e c k s  p r o v id e d  a d e q u a te  i n f o r m a t i o n  t h a t  t h e s e  w ere  

n o t  s u c c e s s f u l  f e e d i n g  r e s p o n s e s .  I t  m ust a g a i n  be s t r e s s e d  

t h a t  o n ly  t h e  l o c a t i o n  o f  p e ck s  was a l t e r e d ,  w h i l e  t h e  t e n ­

d e n cy  t o  p e c k  was s u s t a i n e d .  T h e r e f o r e  i t  a p p e a r s  t h a t  

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

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

r e s p o n s e ,  b u t  r a t h e r  i s  d e p e n d e n t  on i n t r a - o r a l  r e s p o n s e -
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p ro d u ce d  f e e d b a c k .

T h is  s tu d y  p r o v id e d  a d d i t i o n a l  d a ta  r e l e v a n t  t o  t h e  

i s s u e  o f  o u tc o m e - c o n t in g e n t  c o n t r o l  o f  r e s p o n s e  fo rm . The 

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

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

a t t e m p t s  t o  m a n ip u la te  k e y p eck  d u r a t i o n  th r o u g h  d i f f e r e n t i a l  

r e in f o r c e m e n t  c o n t i n g e n c i e s  w ere  p r o b a b ly  i n f l u e n c i n g  t h e  

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

T h is  i s  n o t  s u r p r i s i n g  s i n c e  i t  i s  u n l i k e l y  t h a t  any  n e u r o ­

m u s c u la r  sy s te m  c a n  e f f e c t i v e l y  m o d u la te  a  s k e l e t a l  m o to r  

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

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

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

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

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

mance r e p o r t e d  i n  t h o s e  s t u d i e s  t h a t  d id  show s u c c e s s  i n  

m o d ify in g  mean k ey p eck  d u r a t i o n  ( e g .  Z i r a x  and  S i l b e r b e r g ,  

1978; Z e i l e r  e t . a l . ,  1 9 8 0 ) .  T h u s , any  f u t u r e  s t u d i e s  

t h a t  exam ine t h e  p ig e o n ’ s a b i l i t y  t o  meet d u r a t i o n - d e p e n d e n t  

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  s h o u ld  c o n s i d e r  

w h e th e r  t h e  m o d i f i c a t i o n  o f  key peck  d u r a t i o n  r e s u l t s  from  

t h e  a d ju s tm e n t  o f  peck  f o r c e .

The f a c t  t h a t  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  fo rm  w ere  

fo u n d  be tw een  k e y p ec k s  p ro d u c e d  i n  t h e  a u to s h a p i n g  and  

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

a b se n c e  o f any  e x p l i c i t  t o p o g r a p h y - r e in f o r c e m e n t  c o n t in g e n c y  

t h e  c o n d i t i o n e d  r e s p o n s e s  p ro d u ced  by t h e s e  p a ra d ig m s  a r e  of
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re m a rk a b ly  s i m i l a r  fo rm . The o p e r a n t  CRF and  VR.3 r e i n f o r c e ­

m ent s c h e d u le s  a l s o  d i d  n o t  p ro d u c e  any  s y s t e m a t i c  ch an g e s  

i n  r e s p o n s e  fo rm . T h ese  f i n d i n g s  a r e  o f  p a r t i c u l a r  s i g n i f i ­

c a n c e  s i n c e  t h e y  i n d i c a t e  t h a t  t h e  a u to s h a p e d  keypeck  w i th  

fo o d  r e i n f o r c e m e n t  i s  no  more s i m i l a r  t o  a  f e e d i n g  r e s p o n s e  

th a n  a keypeck  p ro d u c e d  by an  o p e r a n t  c o n t in g e n c y  ( c f .  

S ch w artz  and  W i l l ia m s ,  1972; S c h w a r tz ,  1 9 7 9 b ) .  I t  would be 

q u i t e  i n t e r e s t i n g  t o  s e e  i f  t h e  keypeck  r e s p o n s e  t o p o g r a ­

p h i e s  p ro d u ce d  by w a t e r  r e in f o r c e m e n t  i n  a u to s h a p in g  and 

o p e r a n t  s i t u a t i o n s  w ould  more s t r o n g l y  d i f f e r e n t i a t e  th e  

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

c o n d i t i o n i n g  p a ra d ig m s .

I n  summary, t h e r e  i s  l i t t l e  e x p l a n a t o r y  u t i l i t y  i n  

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

t o  a  s i g n a l  u n l e s s  one i s  s im p ly  lo o k in g  f o r  a  s h o r th a n d  

a c c o u n t  f o r  t h e  r e s e m b la n c e  o f t h e  two r e s p o n s e s .  S in c e  

f e e d i n g  and  c o n d i t i o n e d  r e s p o n d in g  do n o t  s e r v e  t h e  same 

f u n c t i o n  and  t h u s  do n o t  n e c e s s a r i l y  s h a r e  a  common c a u s a l  

b a s i s ,  t h e  e x p l a n a t i o n  o f  why t h e r e  a r e  su ch  c l o s e  s i m i l a r i ­

t i e s  i n  r e s p o n s e  fo rm  re m a in s  a s  much an  i s s u e  a s  why t h e r e  

s h o u ld  be  d i f f e r e n c e s .  T h e r e f o r e  b o th  J e n k i n s  and  Moore 

(1 9 7 3 )  and  W oodruff an d  W il l ia m s  (1976) w ere  r i g h t  i n  r e ­

p o r t i n g  t h e  r e s e m b la n c e  be tw een  c o n d i t i o n e d  and consum m atory 

r e s p o n s e s ,  b u t  wrong w i t h  r e g a r d  t o  t h e  p r o c e s s e s  p ro p o se d  

t o  a c c o u n t  f o r  t h e  s i m i l a r i t y  ( P a v lo v ia n  e l i c i t a t i o n  o f t h e  

u n c o n d i t i o n e d  f e e d i n g  r e s p o n s e  th r o u g h  s t im u lu s  s u r r o g a t i o n ;
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o r ,  l e a r n e d - r e l e a s e  o f  a  consum m atory  f i x e d  a c t i o n  p a t t e r n ) .  

T h ese  t h e o r e t i c a l  v i e w p o in t s  s u p p o r t  a  u n i t a r y  o r g a n i z a t i o n  

f o r  c o n d i t i o n e d  and consum m atory r e s p o n s e s  and  s im p ly  beg 

t h e  q u e s t i o n  o f  what f a c t o r s  c o n t r o l  t h e  v a r i o u s  b e h a v i o r a l  

e le m e n ts  com posing  t h e s e  movement p a t t e r n s .  The r e s u l t s  of 

t h i s  s tu d y  c l e a r l y  show t h a t  t h e r e  a r e  m u l t i p l e  d e t e r m i n a n t s  

o f r e s p o n s e  fo rm  an d  t h a t  t h e  a n a l y s i s  o f  t h e  o r g a n i z a t i o n  

of any  movement p a t t e r n  can  b e s t  be a c c o m p l is h e d  by ex am in ­

in g  t h e  c o n t r o l  o f  e a c h  o f  t h e  b e h a v i o r a l  e le m e n ts  in v o lv e d  

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

f o r  each  e f f e c t o r  sy s te m  a r e  known, t h e  o r g a n i z a t i o n  of 

t h e s e  v a r i o u s  e le m e n ts  i n t o  com plex  movement p a t t e r n s  can  

th e n  be  more a d e q u a te ly  d e s c r i b e d .

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

b e h a v i o r  may p a r t l y  r e f l e c t  p r e v io u s  p s y c h o l o g ic a l  c o n c e p tu ­

a l i z a t i o n s  o f  u n i t a r y  d r i v e s  and  d i s c r e t e  a n a to m ic a l  

" c e n t e r s ” f o r  p a r t i c u l a r  c l a s s e s  o f  b e h a v i o r .  T r a d i t i o n a l l y ,  

c h a n g e s  i n  b e h a v i o r  t h a t  w ere  r e l a t i v e l y  te m p o ra ry  and 

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

and  w ere  a s c r i b e d  t o  c h a n g e s  i n  t h e  o r g a n i s m 's  i n t e r n a l  

s t a t e .  But t h e  c o n t r o l  of b e h a v io r  can  no l o n g e r  be found 

i n  a  u n i t a r y  " c a u s e ” te rm e d  m o t i v a t i o n .  At p r e s e n t ,  u sa g e  

o f  t h e  te rm  m o t i v a t i o n  i s  somewhat b r o a d e r  i n  t h a t  i t  c o n ­

c e r n s  t h e  i d e n t i f i c a t i o n  o f  t h e  v a r i o u s  f a c t o r s  t h a t  may 

i n f l u e n c e  b e h a v io r  and  t h e i r  i n t e g r a t i o n  t o  d e te r m in e  a f i n a l  

b e h a v i o r a l  ou tcom e. The m o t i v a t i o n a l  p r o c e s s  sh o u ld  encom­
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p a s s  t h o s e  f a c t o r s  t h a t  i n i t i a t e ,  m a i n t a i n  and  t e r m i n a t e  a 

p a r t i c u l a r  r e s p o n s e .  By t h i s  v ie w , an  im p o r t a n t  ' a s p e c t  

o f  t h e  s tu d y  o f  m o t i v a t i o n  i n v o lv e s  a n a l y s i s  o f  how an  

o rg a n is m  p ro d u c e s  m u l t i p l e  b e h a v i o r a l  o u t p u t s  from  a common 

e f f e c t o r  sy s te m  by im p o s in g  d i f f e r e n t  p a t t e r n s  o f  m u s c u la r  

c o n t r a c t i o n .  T h is  q u e s t i o n  r e q u i r e s  i n v e s t i g a t i o n  o f  t h e  

f a c t o r s  c o n t r o l l i n g  r e s p o n s e  fo rm  by d i s s e c t i n g  a m o to r  

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

(B a r lo w , 1 9 6 8 ) ,  and  t h e n  c o n s i d e r i n g  a  v a r i e t y  o f  c a u s a l  

f a c t o r s  ( b o t h  i n t e r o c e p t i v e  and  e x t e r o c e p t i v e )  t h a t  a r e  

r e s p o n s i b l e  f o r  s p e c i f i c  b e h a v i o r a l  o u tco m es .

I t  i s  c l e a r  t h a t  t h e  a n a l y s i s  o f  any  b e h a v i o r  m ust 

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

l a t i o n  upon  a  s u b s t r a t e  o f  c o n s t r a i n t s  im posed  by  t h e  i n t e r ­

n a l  s t a t e  o f t h e  o rg a n is m .  P s y c h o l o g i s t s  o f t e n  u s e  t h e  word 

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

a  b e h a v i o r a l  e v e n t .  I n  t h e  i n t e r e s t  o f  a v o id i n g  many o f  t h e  

p r e v io u s  c o n n o t a t i o n s  o f  t h e  t e rm  m o t i v a t i o n ,  i t  m ig h t be 

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

p l e x  o f  f a c t o r s  i n f l u e n c i n g  an  o r g a n i s m 's  o n g o in g  b e h a v i o r .  

D e f in e d  i n  t h i s  way, b e h a v i o r a l  c o n t e x t  c o u ld  subsume what 

p r e v i o u s l y  h a s  b e en  c o n s i d e r e d  'm o t i v a t i o n a l  s t a t e '  and  

w ould  ack no w led ge  t h e  m u l t i p l e  s o u r c e s  o f  c o n t r o l  t h a t  u l t i ­

m a te ly  d e f i n e  t h o s 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 .

T h e re  i s  no i m p l i c a t i o n  t h a t  p u t a t i v e  c a u s a l  f a c t o r s  

s h o u ld  i n f l u e n c e  b e h a v i o r  v i a  a  s i n g l e  t y p e  o f  m echanism :
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Q u i t e  o f t e n  s t u d i e s  t h a t  have  exam ined t h e  e f f e c t s  o f  a 

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

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

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

c o n t r o l  o f  movement p a t t e r n s  p r o v id e s  a  u s e f u l  ex am ple . 

S t i m u l i  have  b e e n  shown t o  e l i c i t ,  o r i e n t ,  and  p a t t e r n  

movements (H in d e ,  1 9 7 0 ) .  F u r th e r m o r e ,  s t i m u l i  may have 

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

S p e c i f i c  c a s e s  w ould be t h e  e f f e c t s  o f  p r im e r  pherom ones o r  

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

im m ed ia te  e f f e c t  i s  t o  c a u s e  a  ch an g e  i n  t h e  e n d o c r in e  s t a t e  

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

b e h a v io r  and  r e s p o n s i v e n e s s  t o  s t i m u l a t i o n  ( e . g .  Lehrman, 

1 9 6 5 ) .  A n o th e r  exam ple  of s t i m u l a t i o n  h a v in g  b o th  p ro x im a te

a n d  l o n g t e r m  e f f e c t s  on b e h a v io r  comes from  K a n d e l 's  (197 6 )  

a n a l y s i s  o f  t h e  n e u r a l  b a s i s  o f  b e h a v io r  i n  A p l y s i a .  The 

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

t i o n  such  a s  sh ock  i n c l u d e s  n o t  o n ly  an  im m ed ia te  w i th d ra w a l  

from  t h e  p o i n t  o f  s t i m u l a t i o n ,  b u t  lo n g  te rm  p o t e n t i a t i o n  

and  i n h i b i t i o n  o f  a  v a r i e t y  o f  b e h a v i o r a l  r e s p o n s e s  m e d ia te d  

by ch an g e s  i n  s y n a p t i c  f a c i l i t a t i o n  and  i n h i b i t i o n  a t  s p e c i ­

f i c  s i t e s  i n  t h e  n e rv o u s  sy s te m . B i n d r a ' s  (1 9 7 1 )  s u g g e s t i o n  

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

a t i o n  by f a c i l i t a t i o n  o f  s p e c i f i c  Ms e n s o r y -m o to r  t h r o u g h p u ts "  

a l s o  c a r r i e s  w i th  i t  t h e  i m p l i c a t i o n  t h a t  s t i m u l i  have  b o th  

im m ed ia te  and  p e r s i s t e n t  i n f l u e n c e s  upon b e h a v io r .
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Such a r e s p o n s e  p o t e n t i a t i o n  h y p o t h e s i s  may w e l l  be 

c o n s i s t e n t  w i th  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 .  C l e a r l y  

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

i n f l u e n c e s  t h e  d e t e r m i n a t i o n  o f  beak  o p e n in g  on su b s e q u e n t  

p e ck s  m ust be  r e p r e s e n t e d  by some r e l a t i v e l y  p e r s i s t e n t  

change  a t  t h e  n e u r a l  l e v e l .  C e n t r a l  p o t e n t i a t i o n  of f e e d i n g -  

r e l a t e d  m o to r  o u t p u t s  may be r e s p o n s i b l e  f o r  many o t h e r  s i m i ­

l a r i t i e s  be tw een  consum m atory and  c o n d i t i o n e d  r e s p o n s e s  a s  

w e l l .  I t  i s  p o s s i b l e  t h a t  f a c t o r s  such  a s  d e p r i v a t i o n  s t a t e  

and  e x p e r i e n c e  w i th  a  p a r t i c u l a r  ty p e  o f  r e i n f o r c e r  have a 

p e r v a s i v e  i n f l u e n c e  on r e s p o n s e  form  th ro u g h  c e n t r a l  f a c i l i ­

t a t i o n  o f  c e r t a i n  modes o f  m o to r  o u t p u t .  T h is  would  s u g g e s t  

t h a t  f e a t u r e s  o f  t h e  consum m atory  p a t t e r n s  a p p r o p r i a t e  t o  

d e p r i v a t i o n  s t a t e  and  r e i n f o r c e r  ty p e  a r e  su p e r im p o se d  on 

c o n d i t i o n e d  r e s p o n s e  to p o g ra p h y  t o g e t h e r  w i th  t h e  v a r i o u s  

o t h e r  f a c t o r s  t h a t  have  been  shown t o  d e te rm in e  r e s p o n s e  

fo rm . I f  such  a  f o r m u l a t i o n  w ere  t r u e ,  t h i s  c o u ld  l e a d  t o  

a more s a t i s f y i n g  a c c o u n t  o f b o th  th e  s i m i l a r i t i e s  and 

d i f f e r e n c e s  i n  c o n d i t i o n e d  and consum m atory r e s p o n s e s .  

U l t i m a t e l y  a l l  b e h a v io r  t h e o r y  m ust be r e c o n c i l e d  w i th  

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

e v id e n c e  g a in s  r e l e v a n c e  from  i t s  i m p l i c a t i o n s  f o r  b e h a v i o r .  

T h u s ,  w i th o u t  f u r t h e r  d e t a i l e d  a n a l y s i s  o f t h e  fo rm  of o t h e r  

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

p e c k s )  and  a more a d e q u a te  know ledge  o f  t h e  n e u r a l  m echanism s 

s u b s e r v in g  su c h  m ovem ents, a  f u l l  e x p l a n a t i o n  o f  t h e  c o n t r o l  

o f r e s p o n s e  fo rm  w i l l  rem a in  s p e c u l a t i o n .
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An In e x p e n s iv e  F o r c e  T r a n s d u c e r  f o r  Q u a n t i t a t i v e  

A n a ly s i s  o f  t h e  F o r c e  and  D u r a t io n  of A nim al C o n ta c t

A f o r c e  t r a n s d u c i n g  s y s te m  w i th  a s s o c i a t e d  i n s t r u m e n ­

t a t i o n  i s  d e s c r i b e d  f o r  q u a n t i t a t i v e  m easurem ent o f  t h e  

peak  f o r c e  and  d u r a t i o n  o f  c o n t a c t .  F i g u r e  16 p r o v i d e s  a  

sc h e m a tic  o f t h e  t r a n s d u c e r  and  a s s o c i a t e d  c i r c u t r y .  O u t­

p u t s  a r e  p ro v id e d  f o r  ( 1 )  5 v o l t  l o g i c  s i g n a l s  f o r  o n s e t  and  

o f f s e t  o f  c o n t a c t  e x c e e d in g  a  t h r e s h o l d  f o r c e  d e te r m in e d  by 

t h e  e x p e r im e n te r ,  ( 2 )  d o u b le  p o l e  r e l a y s  o p e r a t i n g  f o r  t h e  

d u r a t i o n  o f  c o n t a c t ,  ( 3 )  a n  i n t e g r a t o r  w i th  an  e x t e r n a l  

r e s e t  f o r  s a m p lin g  p e ak  f o r c e  a m p l i tu d e  and  (4 )  a m p l i f i e r  

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

The f o r c e  of c o n t a c t  i s  t r a n s d u c e d  by a L a f a y e t t e  I n s t r u m e n t s  

Co. f o r c e  t r a n s d u c e r  m odel #76613 . T h is  d e v ic e  c o n s i s t s  

o f a  s i l i c o n  s t r a i n  gauge  a t t a c h e d  t o  a  s e r i e s  o f  s t a i n ­

l e s s  s t e e l  l e a v e s .  F o r c e s  a p p l i e d  t o  t h e  end o f  t h e  l e a v e s  

p ro d u ce  l i m i t e d  f l e x i o n  p r o v i d in g  a  s e m i - i s o t o n i c  t r a n s d u c ­

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

c a n  be v a r i e d  by a d j u s t i n g  t h e  num ber o f  s t e e l  l e a v e s .  The 

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

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

o f  t h e  s t r a i n  gauge t h a t  s e r v e s  a s  an  arm  o f  a  w h e a ts to n e  

b r i d g e .  T r a n s d u c e r  e x c i t a t i o n  v o l t a g e  i s  s u p p l i e d  by two 

t w e l v e - v o l t  b a t t e r i e s .  B a s e l i n e  v a l u e s  can  be  a d j u s t e d  by
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t h e  b r i d g e  b a la n c e  c o n t r o l  p r o v id e d .  The low a m p l i tu d e  

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

f i l t e r i n g  o f  a l l  e l e c t r i c a l  s i g n a l s  above  lOOOhz. T h is  

e f f e c t i v e l y  m in im iz e s  a tm o s p h e r ic  n o i s e  and  w i th  a p p r o p r i a t e  

a m p l i f i e r  g a in  a d ju s tm e n t  t h e  a m p l i tu d e  of t h e  v o l t a g e  change  

p ro d u ce d  by a  f o r c e f u l  c o n t a c t  c an  be  i n c r e a s e d  t o  a b o u t  

10 v o l t s .  P a r t i c u l a r  a p p l i c a t i o n s  w i l l  r e q u i r e  d i f f e r e n t  

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

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

and  a g a in  o f  250 , t h e  o u t p u t  o f  t h e  a m p l i f i e r  was a b o u t  

1 v o l t / 3 5  grams o f  s t a t i c  w e ig h t .  F o r  a p p l i c a t i o n s  w here a 

c o n t in u o u s  r e c o r d  of c o n t a c t  f o r c e  o v e r  t im e  i s  r e q u i r e d  i t  

i s  u s e f u l  t o  d i s p l a y  t h e  o u t p u t  o f  t h e  a m p l i f i e r  on an 

o s c i l l o s c o p e .

The a n a lo g  s i g n a l  i s  m o n i to r e d  by a  s o l i d  s t a t e  v o l t a g e  

c o m p a ra to r  t h a t  o p e r a t e s  t h e  r e l a y  and  l o g i c  p u l s e  o u t p u t s .  

The r e l a t i o n s h i p  o f  t h e  o u t p u t s  t o  t h e  a n a lo g  s i g n a l  i s  

diagramm ed i n  F ig u r e  17 w hich  shows an  o s c i l l o s c o p e  wave­

fo rm  p ro d u ce d  by a b a l l i s t i c  im p a c t .  D e te r m in a t io n  of a 

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

t h e  c o m p a ra to r  r e f e r e n c e  v o l t a g e .  The d u r a t i o n  o f c o n t a c t  

f o r c e  above  t h e  t h r e s h o l d  may be  t im e d  w i th  e i t h e r  t h e  l o g i c  

p u l s e s  o r  r e l a y  a c t i v a t i o n .  The "B" l o g i c  p u l s e  i s  8 msec 

i n  d u r a t i o n  t o  a v o id  r e - a c t i v a t i o n  by t h e  o s c i l a t i o n  t h a t  

f o l l o w s  r a p i d ,  f o r c e f u l  c o n t a c t .  By u t i l i z i n g  s o l i d - s t a t e  

e l e c t r o n i c s  t h e  c o m p a ra to r  o u t p u t s  p r o v id e  e x t r e m e ly  r a p i d  

f o l lo w in g  t im e s  u s e f u l  f o r  a c t i v a t i n g  r e c o r d i n g  d e v ic e s  w i th
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r e f e r e n c e  t o  t h e  a n a lo g  s i g n a l  ( e g .  cam era  s t r o b e s ,  co m p u te r  

s a m p lin g  d e v i c e s ) .  An i n t e g r a t o r  p r o v id e s  a  v o l t a g e  s i g n a l  

p r o p o r t i o n a l  t o  p eak  f o r c e .  By " c a s c a d in g "  two i n t e g r a t o r  

c i r c u t s  w i th  d i f f e r e n t  c a p a c i t o r s  t h e  o u tp u t  o f f e r s  t h e  

e x t r e m e ly  f a s t  r i s e  t im e  (1 0  v o l t s / s e c )  and  s lo w  d e la y  

( . 0 1  v o l t / s e c )  c h a r a c t e r i s t i c s  n e c e s s a r y  t o  c a t c h  a  s i n g l e  

f a s t  p e a k .  The "B" l o g i c  p u l s e  ( c o n t a c t  o f f s e t )  c an  be 

u s e d  t o  c o n t r o l  i n t e g r a t o r  s a m p lin g  and  r e s e t .  A l t e r n a t i v e l y ,  

s a m p lin g  w i th  a v o l t  m e te r  and  m anual r e s e t  a r e  p o s s i b l e .

W hile  t h i s  f o r c e  t r a n s d u c t i o n  sy s tem  h a s  many p o s s i b l e  

a p p l i c a t i o n s ,  t h e  sy s te m  d e s c r i b e d  h e r e  was d e s ig n e d  f o r  

m easu rem en t of t h e  peak  f o r c e  an d  d u r a t i o n  o f p ig e o n  k e y ­

p e c k s .  I n  t h i s  s i t u a t i o n  i t  was d e s i r a b l e  t o  have  t h e  c a p a ­

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

r e s p o n s e - k e y . A d ia g ra m  o f  t h e  c o n f i g u r a t i o n  o f t h e  f o r c e  

t r a n s d u c e r ,  f lo o r - m o u n te d  r e s p o n s e - k e y  and  p r o j e c t i o n  sy s tem  

i s  p r o v id e d  i n  F i g u r e  18 . A Kodak E c t a g r a p h ic  P r o j e c t o r  

was m ounted b e lo w  t h e  f l o o r  o f t h e  e x p e r i m e n t a l  cham ber 

14 i n c h e s  from  t h e  k e y .  The p r o j e c t o r  was f o c u s e d  on a 

f r o n t - s i l v e r e d  m i r r o r  m ounted a t  a  4 5 °  a n g le  be low  t h e  key 

so  t h a t  t h e  image was r e f l e c t e d  o n to  t h e  back  o f  t h e  

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

was f r o s t e d  L u c i t e .  The f ram e  by w hich  t h e  key  a t t a c h e d  t o  

t h e  t r a n s d u c e r  was c o n s t r u c t e d  o f  .1 2 5  in c h  alum inum  t u b in g  

an d  b r a s s  s t o c k  g lu e d  w i th  Epoxy. I t  i s  i m p o r t a n t  t o  keep  

t h e  s p ru n g -w e ig h t  o f  t h e  r e s p o n s e - k e y  a s  low a s  p o s s i b l e  f o r
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optimum r e s p o n s e  c h a r a c t e r i s t i c s  an d  f o r  t h i s  r e a s o n  t h e  

m i r r o r  was m ounted  i n d e p e n d e n t l y  o f  t h e  r e s p o n s e  k e y .
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Table II. Training schedule for Autoshaping and Operant 
Conditioning groups.

Autoshaping
Signal Reinforcer Sessions/Responses

p l a i n m ilo 100 r e s p o n s e s

b l a c k - d o t s m ilo 1 s e s s i o n

w h i t e - d o t s m ilo 1 s e s s i o n

p l a i n pea 2 s e s s i o n s

se e d  key m ilo 1 s e s s i o n

e a t i n g 3 se e d  s i z e s 25 r e s p o n s e s  f o r  
each  se e d  s i z e

Operant
Signal Reinforeer Schedule Sessions/Response

plain milo CRF 100 responses
plain milo VR3 100 responses
black-dots milo VR3 1 session
white-dots milo VR3 1 session
plain pea VR3 2 sessions
seed key milo VR3 1 session
plain milo Extinction 1 session

eating 3 seed sizes -------- 25 responses for 
each seed size
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T a b l e  I I I .  S t a t i s t i c a l  c o m p a r i s o n  o f  f e e d i n g  and  c o n d i t i o n e d  

r e s p o n s e  c o n t a c t  f o r c e .  Means  and  s t a n d a r d  d e v i a t i o n s  

( m e a n / s t d . d e v . )  a r e  g i v e n  i n  g r a m s .

A u t o s h a p i n g

S u b j e c t  237 247  24 9  282  812 Combined

a u t o s h a p i n g 6 4 . 6 /
2 5 . 5

5 1 . 8 /
2 0 . 2

1 3 7 . 9 /
3 7 . 4

7 9 . 1 /
2 6 . 2

1 0 9 . 1 /  
4 7 . 6

8 8 . 5 /
3 4 . 9

e a t i n g 4 3 . 4 /
2 7 . 3

5 0 . 4 /
2 9 . 0

2 0 . 6 /
1 5 . 7

5 0 . 0 /
3 5 . 0

5 7 . 0 /
3 3 . 6

4 4 . 3 /
1 3 . 9

p v a l u e * *  
( o n e - t a i l e d )

. 0 0 0 2 . 7 2 * . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1

C p e r a n t

S u b j e c t 251 2 5 5 262 281 774 Co mb in ed

o p e r a n t 5 1 . 8 /
1 9 . 6

7 1 . 7 /
2 8 . 7

1 1 6 . 9 /
5 1 . 8

7 6 . 6 /
2 4 . 9

6 4 . 7 /
2 5 . 2

7 6 . 3 /  
2 4 . 5

e a t i n g 4 7 . 6 /
2 6 . 9

3 5 . 3 /
1 9 . 9

3 5 . 0 /
2 1 . 7

2 9 . 5 /
1 7 . 4

4 3 . 4 /
2 2 . 7

3 8 . 2 /
7 . 2

p v a l u e * *  
( o n e - t a i l e d )

. 3 7 * . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1

*  Not  s i g n i f i c a n t

* * I n d i v i d u a l  t - s t a t i s t i c s  w e r e  c a l c u l a t e d  w i t h  d e g r e e s  o f  f r e e d o m  a d j u s t e d  

a c c o r d i n g  t o  W e l c h ' s  s o l u t i o n  t o  t h e  S e h r e n s - F i s h e r  p r o b l e m  (Wane ,  1 9 7 1 ) .  

A l l  t e s t s  i n  e a c h  g r o u p  w e r e  c o m b i n e d  u s i n g  t h e  F i s h e r  Meth od  ( F i s h e r ,  1 9 4 2 ) .
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T a b l e  I V .  S t a t i s t i c a l  C o m p a r i s o n  o f  r e s p o n s e  

f o r m  w i t h  o p e r a n t  CRF a n d  VR3 S c h e d u l e s .  

Means  a n d  S t a n d a r d  d e v i a t i o n s  ( m e a n / s t d . d e v )  

a r e  g i v e n  f o r  e a c h  s u b j e c t .

S u b j e c t 251 2 5 5 262 281 7 74
Group
Mean

FORCE ( g r a m s )

CRF 1 . 6 7 /
. 4 3

1 . 9 8 /
1 . 1 2

2 . 4 3 /
. 8 8

2 . 7 4 /
. 7 4

1 . 7 9 /
. 5 2

2 . 1 2

VR3 1 . 4 9 /
. 5 6

2 . 0 5 /
. 8 2

3 . 3 4 /
1 . 4 8

2 . 1 9 /
. 7 1

1 . 8 5 /
. 7 2

2 . 1 8

P V a l u e * * . 0 0 0 9 . 6 1 * . 0 0 0 1 . 0 0 0 1 . 3 9

DURATION ( m s e c . )

CRF 8 . 5 9 /
2 . 3 7

9 . 6 8 /
2 . 9 4

9 . 1 3 /
2 . 1 5

1 1 . 1 4 /
1 . 7 3

8 . 0 1 /
2 . 7 9

9 . 3 1

VR3 7 . 2 5 /
2 . 2 3

8 . 8 8 /
2 . 9 3

1 0 . 5 3 /
4 . 4 6

9 . 8 4 /
2 . 0 3

8 . 3 2 /
3 . 9 2

8 . 9 6

P V a l u e * * . 0 0 0 1 . 0 7 2 * . 0 0 8 . 0 0 0 1 . 4 3 *

GAPE (m m . )

CRF 4 . 1 6 /
1 . 3 3

6 . 3 6 /
1 . 5 8

4 . 8 2 .
1 . 5 8

7 . 8 4 /
1 . 0 9

3 . 5 9 /
1 . 5 9

5 . 3 5

VR3 5 . 3 5 /
2 . 2 4

6 . 2 1 /
1 . 8 6

5 . 1 7 /
1 . 9 4

7 . 4 4 /
1 . 2 3

4 . 2 9 /
1 . 5 9

5 . 6 9

P V a l u e * . 0 0 0 1 . 5 6 * . 1 9 * . 0 0 9 . 0 0 0 7

EYE (mm. )

CRF 2 . 9 9 /
1 . 0 8

1 . 8 9 /
0 . 8 0

0 . 8 3 /
0 . 5 9

2 . 3 6 /
0 . 6 5

0 . 7 6 /
0 . 7 1

1 . 7 6

VR3 

P V a l u e * *

2 . 8 7 /  
1 . 2 4  

. 32*

1 . 4 9 /
0 . 7 4

. 0 0 0 6

0 . 7 9 /
0 . 4 9

. 6 1 *

2 . 4 9 /
0 . 7 3

. 1 5 *

0 . 7 9 /
0 . 4 3

. 7 4 *

1 . 6 9

*  n o t  s i g n i f i c a n t

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

a d j u s t e d  a c c o r d i n g  t o  W e l c h ' s  s o l u t i o n  t o  t h e  B e h r e n s - F i s h e r  
p r o b l e m  (Wang,  1 9 7 1 ) .
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T a b l e  V,  S t a t i s t i c a l  C o m p a r i s o n  o f  k e y p e c k  f o r c e  

w i t h  o p e r a n t  VR3 and  e x t i n c t i o n  s c h e d u l e s .  

Means  a n d  S t a n d a r d  d e v i a t i o n s  ( m e a n / s t d . d e v )  

a r e  g i v e n  i n  grams  f o r  e a c h  s u b j e c t .

S u b j e c t 251 '255 262 281 7 7 4

o p e r a n t  VR3 5 2 . 0 / 1 . 8 5 / 1 1 6 . 9 3 / 7 6 . 8 9 / 6 4 . 7 /
1 9 . 6 2 8 . 7 5 1 . 9 2 4 . 8 2 5 . 2

e x t i n c t i o n 6 3 . 1 / 1 3 4 . 0 / 1 0 3 . 9 / 9 0 . 5 4 / 7 8 . 0 /
2 3 . 3 5 1 . 3 4 4 . 4 2 3 . S 2 9 . 3

P - v a l u e * * . 0 0 0 3 . 0 0 0 1 . 2 6 * . 0 0 0 1 . 0 0 2

*  n o t  s i g n i f i c a n t

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

f r e e d o m  a d j u s t e d  a c c o r d i n g  t o  W e l c h ' s  s o l u t i o n  t o  t h e  

B e h r e n s - F i s h e r  p r o b l e m  (Wang,  1 9 7 1 ) .
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T a b l e  VI . Mean g a p e  i n  m i l l i m e t e r s  f o r  i n d i v i d u a l  s u b j e c t s  w i t h  

m i l o  an d  p e a  r e i n f o r c e m e n t .

A u t o s h a p i n g

S u b j e c t  237 247  282  812  Co mbined

m i l o  3 . 1  3 . 1  7 . 9  5 . 2  4 . 8

pea  5 . 0  3 . 2  9 . 3  6 . 6  6 . 0

p v a l u e * *  . 0 0 0 1  . 6 8 *  . 0 0 0 1  . 0 0 0 1  . 0 0 0 1

O p e r a n t

S u b j e c t  2 5 1  2 5 5  26 2  281 7 7 4  Combir

m i l o  5 . 3  6 . 2  5 . 2  7 . 4  4 . 3  5 . 7

pea  9 . 2  9 . 7  ' 7 . 3  9 . 3  7 . 6  S . c

p v a l u e * *  . 0 0 0 1  . 0 0 0 1  . 0 0 0 1  . 0 0 0 1  . 0 0 0 1  .C0C1

*  Mot s i g n i f i c a n t .

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

a d j u s t e d  a c c o r d i n g  t o  W e l c h ' s  s o l u t i o n  t o  t h e  B e h r e n s - F i s h e r  

p r o b l e m  (Wang,  1 9 7 1 ) .  A l l  t e s t s  i n  e a c h  g r o u p  w e r e  c o m b i n e d  

u s i n g  t h e  F i s h e r  M e th od  ( F i s h e r ,  1 9 4 2 ) .
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FEEDING ' CONDITIONED KEYPECK

Figure 3. Photographs show typical feeding and conditioned 
responses recorded in the experiments. Note for feeding response 
beak is open slightly greater than seed diameter and that for 
both responses the eye is nearly closed.
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