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A b s tra c t

MIXED FIXED RATIO DRO PERFORMANCE 

IN NORMAL AND CAUDATE LESIONED RATS 

R obert C. L e s l ie ,  J r .

A d v iso r: P ro fe s s o r  R obert L. Thompson

R ats w ith  sm a ll b i l a t e r a l  le s io n s  o f  th e  c a u d a te  n u c leu s  and unop­

e r a te d  r a t s  w ere t r a in e d  on a mixed s c h e d u le  o f re in fo rc e m e n t (Mixed 

F ixed  R a tio , D i f f e r e n t i a l  R ein fo rcem en t o f  O ther B eh av io r o r  Mix FR DRO) 

to  p ro v id e  a b e h a v io r a l  d e s c r ip t io n  o f l e s i o n  e f f e c t s  c h a ra c te r iz e d  as 

" p e r s e v e r a t iv e " ,  " f a i l u r e s  o f  i n h i b i t i o n " ,  " i n a b i l i t y  to  s h i f t  from one 

mode o f  re sp o n se  to  a n o th e r" ,  o r  " f a i l u r e  to  d is c r im in a te  re sp o n se  p ro ­

duced s t im u l i " .  Mix FR DRO sc h e d u le s  a l t e r n a t e  FR re in fo rc e m e n t p e r io d s  

w ith  DRO n o n - re in fo rc e d  p e r io d s ,  n e i th e r  component b e in g  e x te r o c e p t iv e ly  

cued . T hese sc h e d u le s  were c o n s id e re d  r e p r e s e n t a t iv e  o f th e  k in d  o f  

t a s k  on w hich  c a u d a te  le s io n e d  an im als a r e  im p a ired  b ecause  th e y  r e ­

q u ire d  (1 ) d is c r im in a t io n  o f  n o n -re in fo rc e m e n t p e r io d s  s o le ly  on th e  

b a s i s  o f  cues g e n e ra te d  by th e  a n im a l 's  own re sp o n d in g , and (2 ) th e  r e ­

q u irem en t d u rin g  DRO p e r io d s  o f  n o t re s p o n d in g , i . e . ,  " i n h ib i t i o n " .

E xperim ent I  s tu d ie d  p o s t - o p e r a t iv e  a c q u i s i t i o n  and s te a d y  s t a t e  

p erfo rm an ce  a t  fo u r  le v e ls  o f  th e  r a t i o  (FR 1 , 4 , 8 , and 16) in  th r e e  

groups o f  r a t s ;  a n t e r i o r  c a u d a te ,  p o s t e r i o r  c a u d a te , and u n o p e ra ted  

r a t s .  R adio freq u en cy  le s io n s  w ere found to  be s m a ll when com pared to  

le s io n s  in  o th e r  s tu d ie s  ( e . g . ,  C horover and G ross, 1963; K irkby  and 

K im ble, 1968).

The p rim ary  f in d in g s  were (1 ) th e  g roups d id  n o t  d i f f e r  w i th  r e s p e c t  

to  t o t a l  re sp o n se s  in  DRO, number of ru n s  in  DRO, o r  number o f  re sp o n se s  

p e r  i n i t i a l  run  in  DRO; (2) in  a l l  groups t o t a l  re sp o n se s  p e r  DRO, num­
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b e r  o f re sp o n se s  p e r  i n i t i a l  ru n  in  DRO, and m edian la te n c y  o f  f i r s t  

re sp o n s e  in  FR were in c re a s in g  fu n c tio n s  o f  r a t i o  s i z e ,  th u s  e x te n d in g  

to  mixed sc h e d u le s  B o re n 's  (1961) f in d in g  re g a rd in g  r e s i s t a n c e  to  ex­

t i n c t i o n  a s  a  f u n c t io n  o f  r a t i o  s i z e ;  (3 ) m edian la t e n c i e s  o f  f i r s t  r e ­

spo n se  in  FR w ere lo n g e r  fo llo w in g  r e in fo rc e d  ru n s  th a n  fo llo w in g  DRO 

p e r io d s ;  (4 ) mean number o f re sp o n se s  in  i n i t i a l  ru n s  in  DRO e m itte d  by 

th e  u n o p e ra te d  r a t s  ap p ro x im ated  run  le n g th s  r e p o r te d  by Mechner (1958a) 

and P l a t t  and Senkow ski (19 7 0 ), b u t s ta n d a rd  d e v ia t io n s  o f ru n  le n g th  

d i s t r i b u t i o n s  were n o t  l i n e a r  fu n c tio n s  o f  r a t i o  s i z e  as  found by P l a t t  

and Senkowski (1 9 7 0 ). I t  was n o t p o s s ib le  th e r e f o r e  to  employ th e  l i n ­

e a r  g e n e r a l iz a t io n  o f  W eber's  Law to  p ro v id e  d i s c r i m in a b i l i t y  fu n c t io n s  

f o r  number o f  re sp o n se s  as a s tim u lu s  a s  had P l a t t  and Senkow ski. No 

f u r th e r  a t te m p t was made to  o b ta in  d i s c r i m in a b i l i t y  fu n c t io n s  u s in g  

tra n s fo rm s  o f  th e  d a ta  o r  some fo rm u la tio n  o th e r  th a n  W eber's  Law. I t  

was p o in te d  o u t th a t  i n  c o n t r a s t  to  M echner's  (1958a) p ro c e d u re  th e  

Mix FR DRO sc h e d u le  d o es  n o t m axim ize d i f f e r e n t i a t i o n  o f  run  le n g th s .

E xperim ent I I  com pared p r e -  and p o s t - o p e r a t iv e  p erfo rm ance  o f  Mix 

FR 1 DRO in  a n t e r io r  c a u d a te , p o s te r i o r  c a u d a te , and u n o p e ra te d  r a t s .  

S in c e  o n ly  two p o s t e r i o r  an im a ls  com pleted  th e  ex p erim en t i t  became 

e s s e n t i a l l y  a  two g roup  d e s ig n . Radio freq u en cy  l e s io n s  w ere a g a in  

r e l a t i v e l y  s m a l l ,  b u t showed g r e a t e r  a n t e r i o r  to  p o s t e r i o r  e x te n t  th a n  

in  E xperim ent I .  The p r in c i p l e  f in d in g s  w ere t h a t  (1 ) d u rin g  b o th  f i r s t  

and l a s t  f i v e  p o s t - o p e r a t iv e  s e s s io n s  a n t e r io r  c a u d a te  r a t s  e m itte d  

ab o u t tw ic e  a s  many re sp o n se s  and runs p e r  DRO p e r io d  as  d id  u n o p er­

a te d  r a t s ;  (2 ) d u rin g  th e  f i r s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s  number o f  

re sp o n se s  p e r  i n i t i a l  ru n  in  DRO d id  n o t d i f f e r  betw een g ro u p s , b u t 

o v e r th e  l a s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s  number o f re sp o n se s  p e r
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i n i t i a l  ru n  was abou t 50 p e rc e n t g r e a te r  in  th e  a n t e r i o r  group  th a n  in  

th e  u n o p e ra te d  r a t s ;  (3) bo th  p o s t  FR and p o s t  DRO m edian l a t e n c i e s  of 

th e  f i r s t  re sp o n se  in  FR p e r io d s  w ere two to  fo u r  tim es  lo n g e r  f o r  

a n t e r i o r  r a t s  th a n  fo r  u n o p e ra ted  c o n t ro ls  over b o th  f i r s t  and l a s t  

f iv e  p o s t - o p e r a t iv e  s e s s io n s ;  (A) in  a l l  g roups p o s t  FR l a t e n c i e s  

w ere lo n g e r  th a n  p o s t DRO l a t e n c i e s .

T hat E xperim ent I I  showed a le s io n  e f f e c t  w h ile  E xperim ent I  d id  

n o t ag re e d  w ith  p re v io u s  f in d in g s  th a t  e f f e c t s  o f  r e l a t i v e l y  sm a ll 

c a u d a te  le s io n s  a re  more l i k e ly  seen  i.i  com parison  o f  p re -  and p o s t ­

o p e r a t iv e  perfo rm ance  th a n  in  a c q u i s i t i o n  (Thompson, 1959 ). I t  was 

a ls o  su g g e s te d  th a t  th e  g r e a te r  e x te n t  o f  l e s io n s  i n  E xperim ent I I  and 

th e  p o s s ib le  o b sc u rin g  o f  le s io n  e f f e c t s  a t  h ig h e r  r a t i o s  in  E xperim ent 

I  may have c o n t r ib u te d  to  th e  d is c re p a n c y  betw een e x p e r im e n ts .

I t  was su g g e s te d  th a t  fo r  p u rp o ses  o f  f u r th e r  s tu d y  th e  c a u d a te  

le s io n  e f f e c t  co u ld  be c o n s id e re d  as a r i s i n g  from red u ced  c o n t r o l  o f  

b e h a v io r  by c o n d itio n e d  r e in f o r c e r s  in  p ro p o r t io n  to  th e  d e g re e  o f  

d i s c o n t ig u i ty  betw een such  s t im u l i  and p rim ary  r e in fo rc e m e n t .
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INTRODUCTION

I n i t i a l  Remarks

The c a u d a te  n u c le u s  o f  mammals i s  a s u b c o r t i c a l  f o r e b r a in  s t r u c t u r e  

c o n s id e re d  to  p la y  an  im p o rta n t r o l e  in  th e  r e g u la t io n  o f  lo co m o tio n , 

p o s tu r a l  ad ju s tm e n t and em o tio n a l b e h a v io r  (Jung and H a s s le r ,  1960; 

Denny-Brown, 1962; M a rtin , 1967; D iv ac , 1968b; MacLean, 1972). The na­

tu r e  o f  t h i s  r o l e ,  d e f in e d  in  term s o f e x p e r im e n ta l s tu d ie s  o f an im al 

b e h a v io r  and le a r n in g ,  has n o t  y e t  been d e te rm in ed  (L au rsen , 1963;

D ivac, 1968b).

One c u r r e n t  v iew  o f  c a u d a te  n u c le u s  f u n c t io n  i s  th a t  i t  i s  p r im a r­

i l y  in h i b i to r y  ( e . g . ,  M e t t le r ,  1942; Fox, K im ble, and L ick ey , 1963 ). 

S upport f o r  t h i s  view  comes from  s e v e r a l  s o u rc e s .  C l i n ic a l  s tu d ie s  o f 

b o th  human b e in g s  and a n im a ls  have a s s o c ia te d  d e s t r u c t io n  o f c a u d a te  

and r e l a t e d  t i s s u e  w ith  th e  ap p ea ran ce  o f  in v o lu n ta ry  m otor s ig n s  such 

a s  c h o re a , a t h e t o s i s ,  and c u r s iv e  h y p e rk in e s ia  (M e tt le r ,  1942; Denny- 

Brown, 1962; M a rtin , 1967; L i le s  and D av is , 19 6 9 ). Chorea i s  c h a ra c ­

t e r i z e d  by je rk y  and r a p id  movements a f f e c t i n g  th e  lim b s , f a c e ,  and 

t ru n k , w h ile  a t h e t o s i s  c o n s i s t s  in  s lo w e r, w r i th in g  movements o f  th e  

same p a r t s  (S m ith , 1 9 6 5 ). C u rs iv e  h y p e rk in e s ia ,  a te rm  co ined  by 

M e tt le r  (1 9 4 2 ), r e f e r s  to  th e  f a c t  t h a t  an im a ls  w ith  b i l a t e r a l  le s io n s  

o f  th e  c a u d a te  a r e  f r e q u e n t ly  o b serv ed  to  w alk  o r  ru n  in  a  fo rw ard  d i ­

r e c t io n  w ith o u t p a u se , and w ith  a p p a re n t d is r e g a rd  o f  o b s ta c le s  (M artin ,

1967). M artin  (1967) h as  su g g e s te d  th a t  such  s ig n s  r e p r e s e n t  th e  " r e ­

le a s e "  o f  r e f l e x  a c t i v i t y  from  norm al i n h i b i to r y  r e g u la t io n .

The r e s u l t s  o f  e x p e r im e n ta l i n v e s t i g a t io n  w ith  a n im a ls  have a l s o  

c o n t r ib u te d  to  th e  a ss ig n m en t o f  an i n h i b i to r y  fu n c tio n  to  th e  c a u d a te .  

For exam ple, e l e c t r i c a l  s t im u la t io n  o f  th e  c a u d a te  n u c le u s  has been  

found to  p roduce  a number o f  r e l i a b l e  b e h a v io ra l  e f f e c t s  w hich v a ry



w ith  th e  p a ra m e te rs  o f  s t im u la t io n  (Jung and H a s s le r ,  1960; L au rsen , 

1963; Grossman, 1967; McLennan, Emmons, and Plummer, 1964 ). One o f  

th e  b e h a v io ra l  e f f e c t s  w hich most s t r o n g ly  s u g g e s t an  i n h i b i to r y  fu n c ­

t io n  i s  th e  s o - c a l l e d  " a r r e s t "  re sp o n se  w hich r e f e r s  to  th e  c e s s a t io n  

o f o n -g o in g  b e h a v io ra l  a c t i v i t y  when c a u d a te  s t im u la t io n  i s  su p e r­

im posed ( e . g . ,  M e tt le r  and M e t t le r ,  1942; R osvold and D elgado , 1956; 

Buchwald, W yers, L au p re c h t, and H euser, 1961; R u b en ste in  and D elgado, 

1963; K i t s i k i s ,  1968; Stamm, 1969; D eadw yler and W yers, 1970 ).

A d d it io n a l  su p p o rt f o r  an in h i b i to r y  th e o ry  o f  c a u d a te  f u n c t io n  has  

come from  s tu d ie s  em ploying e x p e r im e n ta l l e s i o n s .  A nim als w ith  c a u d a te  

l e s io n s  have been  re p o r te d  to  e x h i b i t  h y p e rk in e s ia ,  som etim es ta k in g  

th e  form  o f  " o b s t in a te  p ro g re s s io n "  o r  "co m p u ls iv e"  lo c o m o tio n , e . g . ,  

c o n t in u a l  p a c in g  back  and f o r t h  in  c a g e s , u n in te r r u p te d  b o u ts  o f  ru n ­

n in g  (M e tt le r  and M e t t le r ,  1942; D av is , 1958; Dean and D a v is , 1959; 

W h it t ie r  and O rr , 1962 ).

Perform ance o f  C audate L esioned  A nim als on E x p e rim en ta l L e a rn in g  Tasks

The m a jo r i ty  o f  s tu d ie s  c o n c e rn in g  th e  b e h a v io r  o f  c a u d a te  le s io n e d  

an im a ls  has in v o lv e d  perfo rm an ce  on e x p e r im e n ta l le a r n in g  t a s k s .  Cau­

d a te  le s io n e d  an im a ls  have been  r e p o r te d  e i t h e r  to  f a i l  o r  to  be slow  

to  l e a r n  d e la y e d  re sp o n se  and d e lay ed  a l t e r n a t i o n  ta s k s  ( e . g . ,  B a t t ig ,  

R osvo ld , and M ishk in , 1960, 1962; R osvold and D elgado , 1956; G ro ss , 

C horover, and Cohen, 1964; D iv ac , R osvold , and S z w a rc b a rt, 1967; D iv ac ,

1968). On a c t iv e  and p a s s iv e  av o id an ce  ta s k s  c a u d a te  le s io n e d  an im a ls  

have been r e p o r te d  to  be u n a b le  to  r e t a i n  o r  r e l e a r n  a p p r o p r ia te  r e ­

sp o n ses  ( e . g . ,  Thompson, 1959; Thompson and M e t t le r ,  1963; Fox, K im ble, 

and L ick ey , 1964; K irkby  and K im ble, 19 6 8 ). On f ix e d  i n t e r v a l  and DRL 

sc h e d u le s  o f  re in fo rc e m e n t c a u d a te  le s io n e d  an im a ls  tend  to  respond



more f r e q u e n t ly  th a n  do norm al a n im a ls  ( e . g . ,  Thompson, 1963a; Thompson, 

A yers, and M e t t le r ,  1962; Schm altz and Isa a c so n , 1968; H ansing , 

Schwartzbaum , and Thompson, 1968).

I t  has a ls o  been  shown th a t  an im a ls  w ith  c a u d a te  le s io n s  e x h i b i t  

g r e a te r  r e s i s t a n c e  to  e x t in c t io n  on mixed f ix e d  r a t i o - e x t i n c t i o n  and 

v a r ia b le  i n t e r v a l  s c h e d u le s  o f  re in fo rc e m e n t (Thompson, 1963b; U nger, 

1966; B u tte r s  and R osvo ld , 1968 ).

Many o f th e  s tu d ie s  c i t e d  above, e s p e c i a l l y  th o se  in v o lv in g  p o s i­

t i v e l y  r e in f o r c e d  re sp o n d in g , have been tak en  a s  p ro v id in g  e v id e n c e  

th a t  th e  p rim ary  fu n c tio n  o f  th e  c a u d a te  n u c le u s  i s  indeed  in h i b i to r y ,  

in  t h a t  th e  le s io n e d  an im al engages in  p rem atu re  resp o n d in g  when r e ­

q u ire d  to  d e la y ,  o r  commits e r r o r s  o f  p e r s e v e ra t io n .  P e r s e v e ra t io n  

e r r o r s  may in v o lv e  th e  em iss io n  o f  p re v io u s ly  r e in f o r c e d  re sp o n se s  

under c o n d i t io n s  in  w hich th e s e  re sp o n se s  a r e  e i t h e r  no lo n g e r  r e i n ­

fo rc e d  o r  fo llo w ed  by a v e r s iv e  s t im u la t io n .

S in ce  th e  b e h a v io ra l  changes r e s u l t i n g  from ca u d a te  l e s io n s  a r e  

s im i la r  in  many r e s p e c t s  to  th o se  changes r e s u l t i n g  from damage to  th e  

f r o n t a l  lo b e s ,  i t  h as  been su g g e s te d  th a t  th e s e  two a re a s  ( th e  c au d a te  

n u c le u s  and th e  f r o n t a l  lo b e s )  a lo n g  w ith  o th e r  s t r u c t u r e s  co m p rise  a 

system  s u b se rv in g  th e  same b a s ic  f u n c t io n ( s )  (R osvold and S z w a rc b a r t, 

1964; R osvo ld , 19 6 8 ). R osvold  (1968) has h y p o th e s iz e d  th a t  th e  cau d a te  

n u c le u s  and th e  p r e f r o n ta l  c o r te x  fu n c t io n  as p a r t  o f  a  system  f o r  

e f f e c t in g  " c o r r e c t io n  in  re s p o n se  m echanism s" and p o s tu la te s  two such 

m echanism s. One has  a  su p p o sed ly  in h ib i to r y  fu n c tio n  w hich s e r v e s  to  

d e te rm in e  w h eth er o r  n o t  a  g iv e n  re sp o n s e  w i l l  occu r ( e . g . ,  Go, No-Go 

a l t e r n a t i o n s ) ;  th e  o th e r  s e rv e s  a  s p a t i a l  fu n c t io n  w hich in f lu e n c e s  

where a re sp o n se  w i l l  o ccu r ( e . g . ,  s p a t i a l  a l t e r n a t i o n  t a s k s ) .



T hat th e  c a u d a te  n u c le u s  may su b se rv e  b e h a v io r  w hich in v o lv e s  th e  

d i s c r im in a t io n  o f s p a t i a l  p o s i t i o n  i s  su g g e s te d  by  th e  s lo w n ess  w ith  

w hich c a u d a te  an im als  o f te n  le a r n  s p a t i a l  a l t e r n a t io n s  and r e v e r s a l s  

(R osvo ld , 1968; P o te g a l ,  1969; D ivac, 19 7 1 ). I t  i s  f u r t h e r  su g g e s te d  

by th e  f a i l u r e  o f  ca u d a te  le s io n e d  monkeys to  c o r r e c t  e r r o r s  made w h ile  

a t te m p tin g  to  t r a c k  a moving t a r g e t  o r  to  c o r r e c t  e r r o r s  in duced  by th e  

p r i s m a t ic  d isp la c e m e n t o f th e  v i s u a l  image (Bossom, 1965, 1972; Bowen,

1969).

D ivac (1968b) con tended  th a t  th e  c a u d a te  n u c le u s  may p erfo rm  th e  same 

b e h a v io r a l ly  d e f in e d  r o le  as th e  c o r te x ,  b u t on a  d i f f e r e n t  " l e v e l , "  

d epend ing  upon th e  p o s i t io n  o f  th e  s p e c ie s  in  th e  e v o lu t io n a ry  s c a l e .

He su g g e s te d  th a t  th e re  e x i s t s  a " le v e l "  o f  p h y lo g e n e tic  developm ent 

in  w hich th e  s t r i a tu m  i s  th e  " h ig h e s t"  fo rm a tio n  o f  th e  b r a i n .  F or ex­

am ple, D ivac n o te d  th a t  th e  s t r ia tu m  o f some b i r d s  and r e p t i l e s  a p p e a rs  

to  r e p r e s e n t  th e  m ost p h y lo g e n e t ic a l ly  r e c e n t ,  i n t e g r a t i v e  c e n t r a l  n e r ­

vous s t r u c t u r e .  A ccord ing  to  D ivac, th e  s t r i a tu m  i s  more " p r im i t iv e ly "  

o rg a n iz e d  th a n  th e  c o r te x ,  and i s  more o r  l e s s  "dom ina ted"  by th e  c o r te x  

depending  upon th e  d e g re e  o f  c o r t i c a l i z a t i o n  in  a  s p e c ie s .  C r i t i c a l  to  

D iv a c 's  h y p o th e s is  a r e  two th e o r i e s :  (1) t h a t  th e  c a u d a te  n u c le u s  i s

"co u p led "  to  a l l  se n so ry  system s and i s  th u s  in  a  p o s i t i o n  to  i n t e g r a t e  

com plex m otor and autonom ic fu n c t io n in g ,  and (2) t h a t  th e  c a u d a te  i s  

f u n c t io n a l ly  h e te ro g e n e o u s  and to p o g ra p h ic a l ly  r e l a t e d  to  th e  c o r te x  in  

a  manner w hich  r e f l e c t s  t h a t  h e te r o g e n e i ty .

I f ,  a s  D ivac (1968b) s u g g e s te d , th e  s t r i a tu m  o f  some s p e c ie s  does 

su b se rv e  some o f  th e  same b e h a v io ra l ly  d e f in e d  r o l e s  as th e  c o r te x  in  

o th e r  s p e c ie s ,  an u n d e rs ta n d in g  o f c a u d a te  n u c le u s  fu n c t io n  would be  

c o n s id e ra b ly  advanced by e x te n d in g  in v e s t ig a t io n s  to  a w id e r  ran g e  o f



s p e c ie s .  The m a jo r ity  o f  s tu d ie s  o f  c a u d a te  n u c le u s  fu n c t io n  have em­

ployed s p e c ie s  w ith  r e l a t i v e l y  w e l l  developed  c o r t i c e s ,  e . g . ,  monkeys, 

c a t s ,  and d ogs. Only r e c e n t ly  h ave  s u b s t a n t i a l  c a u d a te  le s io n  e f f e c t s  

been r e p o r te d  f o r  the  r a t ,  a s p e c ie s  whose c a u d a te  n u c le u s ,  i f  D ivac i s  

c o r r e c t ,  m ight su b se rv e  many o f th e  same fu n c t io n s  a t t r i b u t e d  to  c e r t a in  

c o r t i c a l  a re a s  o f  " h ig h e r"  mammals.

C audate L es io n s  and A c t iv i ty  in  R a ts

One o f  th e  r e c e n t  s tu d ie s  to  i n v e s t i g a t e  th e  e f f e c t s  o f  c a u d a te  l e ­

s io n s  i n  r a t s  was th a t  o f  W h i t t i e r  and O rr (1962) who in v e s t ig a t e d  th e  

e f f e c t s  o f b i l a t e r a l  e l e c t r o l y t i c  le s io n s  on s e v e r a l  m easures o f  g e n e ra l 

a c t i v i t y .  I t  was found t h a t  c a u d a te  le s io n s  r e s u l t e d  in  th e  developm ent 

o f pronounced c u r s iv e  h y p e r k in e s ia .  In  ru n n in g  w heels  c a u d a te  r a t s  

e x h ib i te d  lo n g e r  co n tin u o u s  b o u ts  o f  ru n n in g  w ith  few er p au ses  th a n  d id  

e i t h e r  c o r t i c a l l y  le s io n e d  o r sham o p e ra te d  c o n t r o l s .  In  some c a se s  

th e  number o f r e v o lu t io n s  in  th e  ru n n in g  w heel f o r  a  s ix te e n -h o u r  p e r io d  

was q u ad ru p le d  compared to  p r e o p e ra t iv e  m easu res. T h is  in c re a s e d  a c ­

t i v i t y  was s u s ta in e d  f o r  abou t t h i r t y  days p o s t - o p e r a t i v e l y , a t  w hich 

tim e a c t i v i t y  was o b se rv ed  to  r e t u r n  to  th e  p r e o p e r a t iv e  l e v e l .  I t  was 

found , how ever, th a t  i f  th e  amount o f  c a u d a te  t i s s u e  d e s tro y e d  was l e s s  

than  20 p e r c e n t ,  h y p e r a c t iv i ty  was n o t o b se rv e d . A ls o , when o b se rv ed  

in  cag es  o r on ta b le  t o p s ,  th e  r a t s  engaged in  c o n tin u o u s  am b u la to ry  

and c u r s iv e  b e h a v io r  show ing l i t t l e  o r  no tendency  to  p au se . These 

f in d in g s  a re  s im i l a r  to  th e  r e p o r t s  o f h y p e rk in e s ia  i n  c a u d a te  le s io n e d  

c a ts  (M e tt le r  and  M e t t le r ,  19 4 2 ). W h i t t ie r  and O rr (1962) a ls o  

re p o r te d  th a t  cau d a te  le s io n e d  r a t s  ev id en ced  " t r a n s i e n t "  a p h a g ia  and 

a d ip s i a ;  a p h a g ia  l a s t i n g  f o r  mean o f  1 .8  days fo llo w in g  s u rg e ry ,  and 

a d ip s ia  l a s t i n g  fo r  a mean o f 3 .8  days fo llo w in g  s u rg e ry .



On th e  b a s is  o f  th e s e  f in d in g s ,  W h i t t ie r  and O rr (1962) concluded  

th a t  th e  d e s t r u c t io n  o f c a u d a te  t i s s u e  in  th e  r a t  i n t e r f e r e d  w ith  th e  

a n im a l 's  a b i l i t y  to  s h i f t  from one mode o f  b e h a v io r  to  a n o th e r .  They 

th u s  co n cu rred  w ith  M e tt le r  (1955) and M e tt le r  and C ra n d e ll  (1 9 5 9 ), 

who con tended  t h a t  c a u d a te  l e s io n s  produced  a c o n d i t io n  w hich th e y  

l a b e l l e d  " p r o h a r e s i s o r  an i n a b i l i t y  to  i n i t i a t e  b e h a v io r .

In  a s tu d y  w hich in v e s t ig a t e d  th e  e f f e c t s  o f  c a u d a te  le s io n s  on 

m a ting  and m a te rn a l b e h a v io r  in  r a t s ,  K irkby (1967) m easured th e  r e l a ­

t i v e  amount o f  tim e sp e n t in  v a r io u s  b e h a v io rs  by b o th  le s io n e d  and 

u n o p e ra ted  r a t s .  The ca u d a te  r a t s  ap p ea red  to  spend more tim e th a n  th e  

u n o p e ra ted  r a t s  in  w hat K irkby c a l l e d  " a c t i v i t y  b e h a v io r ,"  and a l s o  in  

s e l f  groom ing and m a n ip u la tin g  p u p s , th an  d id  th e  c o n t r o l s .  The n a tu re  

o f  th e  " a c t i v i t y  b e h a v io r"  was n o t s p e c i f i e d .

G reen , B e a t ty ,  and Schwartzbaum  (1967) r e p o r te d  t h a t  when t e s t e d  

one week fo llo w in g  s u rg e ry ,  c a u d a te  r a t s  e x h ib i te d  a h ig h e r  r a t e  o f  

s h u t t l i n g  a c t i v i t y  in  a  s h u t t l e  box d u rin g  a  p re sh o ck  a d a p ta t io n  p e r io d  

p r i o r  to  av o id an ce  t r a i n in g  th a n  d id  c o r t i c a l  and sham o p e ra te d  c o n t r o l s .  

T e s ts  c a r r i e d  o u t fo u r  to  s i x  weeks fo llo w in g  s u rg e ry ,  how ever, re v e a le d  

no d i f f e r e n c e s  betw een th e  c a u d a te  r a t s  and th e  c o n t r o l s .

A lb e r t  and Bignami (1968) re c o rd e d  th e  number o f  betw een t r i a l  

c ro s s in g s  in  a  s h u t t l e  box d u rin g  a c t iv e  a v o id an ce  le a r n in g  and found 

th a t  d u r in g  th e  f i r s t  th r e e  days o f  p o s t - o p e r a t iv e  t e s t i n g  b o th  ca u d a te  

and c o r t i c a l l y  le s io n e d  r a t s  made more c ro s s in g s  th a n  o p e ra te d  c o n t r o l s .  

By th e  s e v e n th  p o s t - o p e r a t iv e  s e s s io n ,  how ever, no in te r - g r o u p  d i f f e r ­

ences w ere e v id e n t .

B o r s t ,  D e lac o u r, and L icouban  (1970) r e p o r te d  f a i l i n g  to  f in d  any 

e v id e n c e  o f  in c re a s e d  a c t i v i t y  i n  c a u d a te  le s io n e d  r a t s  based  on e i t h e r



o b s e rv a tio n  o f  g e n e ra l  b e h a v io r  o r  th e  number o f  sp on taneous a l t e r n a ­

t i o n s ,  when com pared w ith  o p e ra te d ,  b u t  u n le s io n e d  a n im a ls .

Lynch (1970) in c lu d e d  a  c a u d a te  l e s i o n  group in  a s tu d y  concerned  

w ith  th e  e f f e c t s  on a c t i v i t y  o f  l e s io n s  p la c e d  in  e i t h e r  th e  d o r s a l  o r  

v e n t r a l  f o r e b r a in  o f  th e  r a t .  The c a u d a te  r a t s  showed no s ig n s  o f in ­

c re a se d  a c t i v i t y  in  s t a b i l i m e t e r  cag es  under e i t h e r  d e p riv e d  o r  f r e e  

fe e d in g  c o n d i t io n s .

W hile two o f  th e  s tu d ie s  m entioned  f a i l e d  to  r e p o r t  in c r e a s e s  in  

a c t i v i t y  fo llo w in g  c a u d a te  l e s i o n s ,  t h i s  can p ro b a b ly  be  acco u n ted  fo r  

in  term s o f th e  d i f f e r e n t  m easurem ent p ro c e d u re s  em ployed. I n  g e n e ra l ,  

th e  l i t e r a t u r e  ap p e a rs  to  su g g e s t t h a t  r a t s ,  as w e ll  as o th e r  s p e c ie s ,  

do ev id en ce  c u r s iv e  h y p e rk in e s ia  fo llo w in g  b i l a t e r a l  c a u d a te  damage and 

t h a t  t h i s  in c re a s e d  a c t i v i t y  te n d s  to  d i s s ip a t e  w ith  tim e a f t e r  s u rg e ry . 

C audate L esioned  R ats  on S p a t i a l  A l te rn a t io n  and R e la ted  Task

The body o f  w ork concerned  w ith  th e  e f f e c t s  o f  c a u d a te  le s io n s  on 

le a rn in g  ta sk s  a l s o  s u g g e s ts  t h a t  th e  ty p e s  o f d e f i c i t s  p roduced  in  

r a t s  a r e  s im i la r  to  th o se  p roduced  in  o th e r  s p e c ie s .  C horover and G ross 

(1963) in v e s t ig a t e d  th e  e f f e c t s  o f  c a u d a te  le s io n s  in  r a t s  on th e  a c q u i­

s i t i o n  and r e t e n t io n  o f  an a l t e r n a t i o n  ta s k  in  w hich  r a t s  w ere r e in f o r c e d

w henever a re sp o n se  on one o f  two le v e r s  in  an o p e ra n t chamber was p r e ­

ceded by a re sp o n se  on th e  o th e r  l e v e r .  An e r r o r  was re c o rd e d  w henever

th e  same le v e r  was p re s s e d  tw ic e  i n  s u c c e s s io n .  T ra in in g  was co n tin u ed

u n t i l  a  c r i t e r i o n  o f  80 p e rc e n t  c o r r e c t  had been  ru n . D uring  b o th  ac­

q u i s i t i o n  and r e t e n t i o n  th e  ca u d a te  r a t s  com m itted more e r r o r s  and th u s  

needed more t r i a l s  to  re a c h  c r i t e r i o n  th a n  d id  e i t h e r  c o r t i c a l  o r  unoper­

a te d  c o n t r o l s .  The c a u d a te  r a t s ,  how ever, d id  n o t  ta k e  lo n g e r  th a n  e i t h e r



o f th e  two c o n t r o l  groups to  l e a r n  a H ebb-W illiam s maze. C horover and 

G ross co n c lu d ed  th a t  th e  perfo rm ance  o f  th e  c a u d a te  r a t s  on th e  a l t e r ­

n a t io n  ta s k  was n o t  due to  a g e n e ra l  b e h a v io ra l  d i s f u n c t io n ,  and  th a t  

ad e q u a te  perfo rm ance  by r a t s  o f  s p a t i a l  a l t e r n a t i o n  r e q u i r e s  an i n t a c t  

c a u d a te  n u c le u s .

G ro ss , C horover, and Cohen (1965) compared c a u d a te  le s io n e d  r a t s  to  

r a t s  w ith  a n t e r i o r  c o r te x ,  p o s t e r i o r  c o r te x ,  d o r s a l  th a la m ic  o r  h ip p o ­

cam pal l e s i o n s ,  as w e ll  as w ith  u n o p e ra ted  c o n t r o l s .  In  t h i s  ex p erim en t 

re in fo rc e m e n t was d e l iv e r e d  w henever a r a t  responded  on a l e f t - h a n d  

le v e r  fo llo w ed  by a s in g le  p r e s s  on a  r ig h t -h a n d  l e v e r .  Any d e p a r tu re  

from  th e  p r e s s - l e f t ,  p r e s s - r i g h t  sequence p roduced  a f iv e - s e c o n d  tim e 

o u t and co u n ted  as an e r r o r .  The t r a i n in g  c r i t e r i o n  was 80 p e rc e n t 

c o r r e c t  in  fo u r  o u t o f  f iv e  d a y s , o r 13 ,000  t r i a l s ,  w h ich ev e r o c c u rre d  

f i r s t .  On b o th  a c q u i s i t i o n  and r e t e n t io n  th e  c a u d a te  group made more 

e r r o r s  and to o k  more t r i a l s  to  reac h  c r i t e r i o n  th a n  th e  p o s t e r i o r  c o r te x  

o r  u n o p e ra te d  g ro u p s. G enera l b e h a v io ra l  im pairm en t was a g a in  d i s ­

co u n ted  on th e  b a s i s  o f  a  H ebb-W illiam s maze p e rfo rm a n c e . The i n v e s t i ­

g a to r s  a l s o  d is c o u n te d  h y p e r a c t iv i ty  as a  so u rce  o f  e r r o r s  on th e  

grounds t h a t  h y p e r a c t iv i ty  in  c a u d a te  le s io n e d  r a t s  i s  o n ly  tem p o ra ry , 

and th a t  l a t e n c i e s  m easured in  t h e i r  own s tu d y  d id  n o t s u g g e s t h y p e r­

a c t i v i t y .  D ir e c t  m easurem ents o f  a c t i v i t y  w ere n o t  u n d e rta k e n  in  t h e i r  

s tu d y ,  how ever. I t  was a l s o  co n cluded  th a t  th e  e r r o r s  on th e  sequen ­

t i a l  b a r  p r e s s in g  ta s k  d id  n o t ap p ea r to  r e s u l t  from  re sp o n se  p e r s e v e r ­

a t io n  in  t h a t  th e r e  w ere no d i f f e r e n c e s  in  th e  number o f  s u c c e s s iv e  

re sp o n se s  on any one b a r .  The a u th o rs  su g g e s te d  t h a t  th e  d e f i c i t  

p roduced  by th e  c a u d a te  le s io n s  was s p e c i f i c  to  th e  p erfo rm ance  o f  

c h a in e d  re s p o n se  se q u e n c e s , a d m it t in g ,  how ever, t h a t  p erfo rm an ce  on th e



H ebb-W illiam s m aze, w hich was n o t  im p a ire d , c o u ld  a l s o  be c o n s tru e d  as 

in v o lv in g  c h a in e d  re sp o n d in g .

In  v iew  o f  an h y p o th e s is  to  be d is c u s s e d  l a t e r ,  i t  i s  w o rth  n o t in g  

th a t  th e  c h a in in g  o f  re s p o n s e s  re q u ire d  in  th e  b a r - p r e s s  sequence  m igh t 

r e q u i r e  g r e a t e r  dependence on re sp o n se  p roduced  s t im u l i  th a n  would th e  

n e g o t ia t io n  o f  a  maze w hich p resum ab ly  o f f e r s  a g r e a t e r  v a r i e ty  o f  

e x te r o c e p t iv e  s t i m u l i .

Unger (1966) p o in te d  o u t t h a t  th e  t a s k  em ployed by C horover and 

G ross (1963) p e rm itte d  th e  r a t s  to  make on ly  one ty p e  o f  e r r o r ;  i . e . ,  

th e  e r r o r  o f  an a d d i t i o n a l  re sp o n se  on th e  b a r  m ost r e c e n t ly  p r e s s e d .  

Unger used  a p ro c e d u re  d ev e lo p ed  by M echner (1958) in  w hich  a f ix e d  

r a t i o  (FR) re q u ire m e n t was in  e f f e c t  on th e  f i r s t  l e v e r  in  a  two l e v e r  

seq u en ce . The r a t  had  to  com plete  th e  FR on one l e v e r  b e fo re  b e in g  

r e in f o r c e d  f o r  a  s in g l e  re sp o n se  on th e  second l e v e r .  T h is p ro c e d u re  

p e rm itte d  e r r o r s  in v o lv in g  p rem a tu re  s w itc h in g  from  l e v e r  one to  l e v e r  

tw o, as w e l l  as e r r o r s  in v o lv in g  c o n tin u e d  re sp o n d in g  on e i t h e r  l e v e r .  

U sing FRs o f  3, 5 ,  and 10 , Unger found t h a t  c a u d a te  le s io n e d  r a t s  

ten d ed  to  u n d e rsh o o t th e  FR re q u ire m e n t;  t h a t  i s ,  s w itc h  p re m a tu re ly .

I t  was a l s o  n o te d  t h a t  th e  c a u d a te  le s io n e d  r a t s ,  h av in g  once sw itc h e d  

to  th e  second  l e v e r ,  te n d ed  to  make more c o n s e c u t iv e  re s p o n s e s  on th a t  

l e v e r  th a n  d id  th e  c o n t r o l s .  T hus, b o th  " a n t i c ip a to r y "  and " p e r s e v e r -  

a t iv e "  e r r o r s  w ere com m itted  by  th e  c a u d a te  a n im a ls . Unger co n cluded  

t h a t  an i n h i b i to r y  f a i l u r e  co u ld  n o t b e  c a l le d  upon to  a c c o u n t f o r  b o th  

ty p e s  o f e r r o r s .

Commenting on th e  C horover and G ross (1963) s tu d y , M iku las and 

Is a a c so n  (1965) i n t e r p r e t e d  th e  r e s u l t s  a s  in d i c a t i v e  o f  a  f a i l u r e  o f  

i n h i b i t i o n  r e s u l t i n g  from  c a u d a te  dam age. They t e s t e d  t h e i r  h y p o th e s is



10.

w ith  a  d e lay ed  re sp o n se  ta s k  in  w hich r a t s  had to  re sp o n d  by e n te r in g  

one o f  fo u r  g o a l boxes a f t e r  a te n -se c o n d  d e la y  fo llo w in g  th e  p r e s e n ta ­

t i o n  o f  a l i g h t  o v er th e  e n tra n c e  to  th e  c o r r e c t  g o a l box. None o f  th e  

c a u d a te  le s io n e d  r a t s  was a b le  to  ac h ie v e  th e  c r i t e r i o n  perfo rm an ce  o f 

fo u r  o u t o f  f iv e  c o r r e c t  re sp o n se s  w ith in  th e  im posed l i m i t  o f  200 

t r i a l s ,  as opposed to  o p e ra te d  and u n o p e ra ted  c o n t r o l s .  When e r r o r s  

w ere a n a ly z e d , i t  was found th a t  th e  ca u d a te  r a t s  te n d e d  to  ap p roach  

th a t  g o a l box  w hich had been  approached  most f r e q u e n t ly  on p re v io u s  

t r i a l s .  F u rth e rm o re , th e  c a u d a te  r a t s  d em o n stra ted  a  p re fe re n c e  f o r  

th e  o u te rm o s t o f  th e  fo u r  g o a l b o x es .

I n  a second  s tu d y  M ikulas (1966) ra n  norm al and ca u d a te  le s io n e d  r a t s  

in  a  s p a t i a l  a l t e r n a t i o n  t a s k  in  a  T-maze. In  one c o n d i t io n  th e  c o r r e c t  

arm was in d ic a te d  by th e  p re se n c e  o f  a l i g h t ;  in  a n o th e r  c o n d i t io n  th e  

l i g h t  was o m itte d . In  b o th  c o n d it io n s  th e  c a u d a te  r a t s  r e q u ir e d  more 

t r i a l s  to  a c h ie v e  c r i t e r i o n  th a n  d id  norm al c o n t r o l s .  The c a u d a te  r a t s  

made few er e r r o r s  i n  th e  l i g h t  c o n d i t io n  th a n  in  th e  no l i g h t  c o n d i t io n ,  

how ever. M ikulas i n t e r p r e t e d  t h i s  l a t t e r  f in d in g  to  i n d i c a te  t h a t  th e  

p re s e n c e  o f th e  cue l i g h t  se rv e d  to  " d i s t r a c t "  th e  p e r s e v e r a t iv e  

te n d e n c ie s  w hich r e s u l t e d  from  th e  c a u d a te  l e s i o n .

Schwartzbaum  and Donovick (1968) compared th e  p erfo rm an ce  o f  c au d a te  

le s io n e d  r a t s  w ith  s e p t a l  and sham o p e ra te d  r a t s  on b o th  s p a t i a l  a l t e r n a ­

t i o n  and b r ig h tn e s s  d is c r im in a t io n  t a s k s .  The a p p a ra tu s  used was a 

s h u t t l e  box  w ith  two le v e r  m anipu landa a t  e i t h e r  en d . In  th e  b r ig h tn e s s  

d is c r im in a t io n  ta s k  th e  r a t s  w ere r e q u ir e d  to  p r e s s  th e  le v e r  u n d e rn e a th  

th e  b r i g h t e r  o f  two l i g h t s  and th e n  s h u t t l e  to  th e  o th e r  p a i r  o f  le v e r s  

and r e p e a t  th e  t a s k .  S ix ty  such  t r i a l s  (30 in  ea c h  com partm ent o f  th e  

s h u t t l e  box) w ere ru n , w ith  th e  r a t s  r e q u ir e d  to  s h u t t l e  betw een each  

t r i a l .  The o th e r  t a s k ,  s p a t i a l  a l t e r n a t i o n ,  in v o lv e d  s im ply  s h u t t l i n g



betw een each s id e  o f th e  box and p r e s s in g  e i t h e r  o f  th e  two le v e r s  a t  a 

g iven  end in  o rd e r  to  r e c e iv e  r e in fo rc e m e n t .  No s i g n i f i c a n t  d i f f e r e n c e s  

w ere found betw een th e  th r e e  g roups on th e  s p a t i a l  a l t e r n a t io n  t a s k ,  b u t 

on th e  b r ig h tn e s s  d is c r im in a t io n  ta s k  th e  c a u d a te  r a t s  made s i g n i f i c a n t l y  

more e r r o r s .  Most of th e s e  e r r o r s  in v o lv e d  c o n tin u e d  re sp o n d in g  a t  one 

end o f th e  s h u t t l e  box , i . e . ,  f a i l u r e s  to  s h u t t l e .  The a u th o rs  n o te d  

th a t  th e s e  r e s u l t s  ap p ea red  to  be in c o n s i s t e n t  w ith  r e p o r ts  t h a t  cau d a te  

le s io n e d  r a t s  f a i l  on s p a t i a l  a l t e r n a t i o n ,  b u t n o t  on b r ig h tn e s s  d i s ­

c r im in a t io n .  They p o in te d  o u t ,  how ever, t h a t  th e  b r ig h tn e s s  d is c r im in a ­

t io n  ta s k  which th e y  em ployed a c t u a l l y  co u ld  be c o n s tru e d  as a s p a t i a l  

a l t e r n a t i o n  ta s k  w ith  added v i s u a l  c u e s , and th a t  th e  e r r o r s  made by th e  

c a u d a te  r a t s  w ere p ro b a b ly  more c o n s i s t e n t  w ith  f a i l u r e  to  a l t e r n a t e  

th an  w ith  a f a i l u r e  o f  b r ig h tn e s s  d is c r im in a t io n .  From a c lo s e  in s p e c ­

t io n  o f  th e  d e s c r ip t io n  o f  t h e i r  p ro c e d u re ,  i t  ap p ea red  th a t  th e  s o -  

c a l le d  b r ig h tn e s s  ta s k  may w e ll  have p re s e n te d  th e  r a t s  w ith  a s p a t i a l  

a l t e r n a t i o n  problem  somewhat more d i f f i c u l t  th a n  th e  a l t e r n a t i o n  ta s k  

w ith o u t v i s u a l  c u e s .

In  an a tte m p t to  e x p lo re  f u r t h e r  th e  r o le  o f th e  cau d a te  n u c le u s  in  

th e  perform ance o f  ta s k s  in v o lv in g  th e  d is c r im in a t io n  o f  s p a t i a l  p o s i ­

t i o n ,  F o te g a l (1969) s tu d ie d  th e  perfo rm an ce  o f  c a u d a te  and m ed ia l 

th a la m ic  r a t s  on b o th  a s p a t i a l  a l t e r n a t i o n  ta s k  and on th e  a c q u i s i t i o n  

o f  a s im p le  p o s i t io n  h a b i t .  The s p a t i a l  a l t e r n a t i o n  ta s k  in v o lv e d  th e  

fo rm a tio n  o f w hat was te rm ed  an " a b s o lu te  p o s i t i o n  h a b i t"  in  w hich lo c a ­

t io n  o f  th e  c o r r e c t  g o a l box  was n o t  c o r r e la te d  w ith  e x te ro c e p t iv e  cues 

a r i s i n g  from  e i t h e r  w i th in  o r  w ith o u t th e  maze. To le a r n  su ch  a p o s i ­

t io n  h a b i t  an o rgan ism  m ust r e ly  upon cues a r i s i n g  from i t s  own b o d ily  

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



s t i m u l i .  The s im p le  p o s i t io n  ta s k ,  on th e  o th e r  hand , in v o lv e d  th e  

fo rm a tio n  o f  a " r e l a t i v e "  p o s i t i o n  h a b i t  in  w hich th e  lo c a t io n  o f  th e  

c o r r e c t  g o a l box co u ld  be d e te rm in e d  th ro u g h  th e  u t i l i z a t i o n  o f  e x t r a  

and in tra -m a z e  s t im u l i .  The c a u d a te  le s io n e d  r a t s  w ere found to  make 

more e r r o r s  th a n  sham o p e ra te d  c o n t r o l s  on th e  " a b s o lu te "  p o s i t i o n  

ta s k ,  w h ile  p e rfo rm in g  a s  w e ll  a s  th e  c o n t r o l s  on th e  " r e l a t i v e "  p o s i­

t i o n  t a s k .  P o te g a l o b serv ed  th a t  w h ile  th e  c a u d a te  r a t s  ev id en ced  some 

d eg ree  o f  re sp o n se  s te re o ty p y  on th e  a l t e r n a t i o n  ta s k ,  t h i s  o c c u rre d  

l a t e r  th a n  th e  in c id e n c e  o f  a  h ig h e r  e r r o r  r a t e .  P o te g a l co n cluded  

th a t  th e  re sp o n se  s te r e o ty p y  was seco n d ary  to  w h atev e r f a c to r  produced 

th e  e r r o r s ,  and n o t th e  s o u rc e  o f th e  e r r o r s .  Having eq u a ted  ta s k s  fo r  

d i f f i c u l t y ,  P o te g a l su g g e s te d  th a t  s in c e  th e  c a u d a te  r a t s  perfo rm ed  

p o o r ly  on a  t a s k  r e q u i r in g  " a b s o lu te "  s p a t i a l  o r g a n iz a t io n  a s  opposed 

to  " r e l a t i v e "  s p a t i a l  o r g a n iz a t io n ,  th e  l e s i o n s  may have i n t e r f e r e d  

w ith  th e  r a t s '  a b i l i t y  to  u t i l i z e  p r o p r io c e p t iv e ,  k i n e s t h e t i c ,  o r  v es­

t i b u l a r  c u e s .

P o te g a l 's  (1969) ex p erim en t was a l s o  o f  i n t e r e s t  i n  th a t  he  found a 

p o s i t i v e  c o r r e l a t i o n  to  e x i s t  betw een th e  l o c a t io n  o f  th e  c a u d a l bound­

a ry  o f  th e  c a u d a te  le s io n  and th e  d e g re e  o f  im p a irm en t. T h is su g g e s te d  

th a t  th e r e  e x i s t s  a  c r i t i c a l  lo c u s  in  th e  p o s t e r i o r  c a u d a te  w h ich , ac ­

c o rd in g  to  P o te g a l ,  may be i n  th e  re g io n  o f  th e  t r a n s v e r s e  lim b o f  th e  

a n t e r i o r  com m issure.

B o rs t ,  D e laco u r and L icouban (1970) found th a t  r a t s  w ith  l e s io n s  in  

th e  a n t e r i o r  c a u d a te  n u c le u s  e n te re d  s i g n i f i c a n t l y  more b l in d  a l l e y s  

th a n  c o r t i c a l  o r  sham o p e ra te d  c o n t r o l s  in  a  maze w hich  re q u ire d  a  l e f t -  

r i g h t - l e f t - r i g h t  a l t e r n a t i o n .  The a n t e r i o r  c a u d a te  r a t s  perfo rm ed  as 

w e ll  a s  th e  c o n t r o l  an im a ls  on a n o th e r  maze t a s k  in  w hich a l l  o f  th e



tu rn s  w ere to  th e  r i g h t .  In  a  second p a r t  o f th e  same experim en t a  me­

d i a l  c a u d a te  le s io n  group was found to  perfo rm  as w e ll  as  th e  c o n t r o l s .  

C o n tra ry  to  P o te g a l (1 9 6 9 ), th e s e  f in d in g s  su g g es ted  th e  a n t e r i o r  cau­

d a te  to  be  more c r i t i c a l  th a n  e i t h e r  th e  m ed ial o r p o s t e r i o r  p o r t i o n s .

I t  was concluded  t h a t  th e  n a tu r e  o f th e  im pairm ent r e s u l t i n g  from  th e  

a n t e r io r  le s io n  in v o lv e d  e i t h e r  a f a i l u r e  o f s h o r t - te rm  memory o r  a 

f a i l u r e  to  i n h i b i t  in s tru m e n ta l  re s p o n s e s .

D ivac (1971) compared r a t s  w ith  m e d ia l cauda te  le s io n s  w ith  r a t s  

w hich had le s io n s  o f  e i t h e r  th e  f r o n t a l  p o le s  o r  th e  m ed ia l c o r te x ,  on 

a  ta sk  in v o lv in g  a  s e r i e s  o f  fo u r  s p a t i a l  r e v e r s a l s .  I t  was found th a t  

b o th  th e  ca u d a te  and th e  m e d ia l c o r te x  g roups made s i g n i f i c a n t l y  more 

e r r o r s  th a n  d id  th e  r a t s  w ith  f r o n t a l  p o le  l e s io n s .  I t  was f u r th e r  

found th a t  th e  number of e r r o r s  made by th e  cau d a te  r a t s  on th e  f i r s t  

th r e e  r e v e r s a l s  was s i g n i f i c a n t l y  g r e a t e r  th an  e i t h e r  o f th e  o th e r  two 

groups.

I t  seem s c l e a r  from  th e  l i t e r a t u r e  j u s t  rev iew ed th a t  c a u d a te  le s io n s  

i n t e r f e r e  i n  some way w ith  a  r a t ' s  a b i l i t y  to  perfo rm  ta s k s  w hich in ­

v o lv e  s p a t i a l  a l t e r n a t i o n .  W hether t h i s  im pairm ent i s  p ro p e r ly  c o n s tru e d  

a s  a f a i l u r e  o f i n h i b i t i o n  ( i . e . ,  re sp o n se  p e r s e v e r a t io n ) ,  an i n a b i l i t y  

to  d is c r im in a te ,  s t o r e ,  o r  o th e rw is e  u se  in fo rm a tio n  a r i s i n g  from  

p ro p r io c e p t iv e  s t i m u l i ,  o r some o th e r  im pairm ent o f  s p a t i a l  o rg a n iz a ­

t i o n  i s  n o t  c l e a r .  T here i s  a l s o  some s u g g e s tio n  t h a t  th e  lo c u s  o f  cau ­

d a te  l e s io n s  may b e  an  im p o r ta n t v a r i a b l e .  That t h i s  may be th e  c a se  

sh o u ld  n o t be s u r p r i s in g  in  v iew  o f th e  h e te ro g e n e i ty  o f  fu n c t io n  found 

in  th e  c a u d a te  n u c le u s  o f  o th e r  s p e c ie s  ( e . g . ,  R osvold , 1968; D iv ac , 

1968b).



C audate L esio n ed  R ats  on A voidance L ea rn in g  Tasks

L esions o f  th e  r a t  c a u d a te  n u c le u s  have a l s o  been found to  a f f e c t  

perfo rm an ce  on a v a r i e ty  o f  a c t iv e  and p a s s iv e  av o id an ce  p ro b lem s.

G reen, B e a tty  and Schwartzbaum  (1967) found t h a t  r a t s  w ith  c a u d a te  l e ­

s io n s  a t t a in e d  low er a sy m p to tic  l e v e l s  o f perfo rm ance  in  te rm s o f  p e r ­

c e n t  s u c c e s s f u l  av o id an ce  re sp o n ses  i n  a  s h u t t l e  box th a n  e i t h e r  s e p t a l ,  

h ip p o cam p al, o r  sham o p e ra te d  r a t s .  I n t e r e s t i n g l y ,  th e  i n v e s t i g a t o r s  

p o in t  o u t t h a t  a c r i t e r i o n  m easure o f  perfo rm ance ( e . g . ,  n in e  o u t o f  te n  

s u c c e s s f u l  av o id an ce  re s p o n s e s )  would n o t  have r e v e a le d  any perfo rm ance  

d i f f e r e n c e s  betw een th e  ca u d a te  and o th e r  g roups.

K irkby and Kimble (1968) conducted  a  s e r i e s  o f  ex p erim en ts  in  which 

th e y  in v e s t ig a te d  th e  b e h a v io r  of c a u d a te  r a t s  on a v a r i e ty  o f av o id an ce  

t a s k s .  In  one ty p e , a  p a s s iv e -a v o id a n c e  problem , c a u d a te , c o r t i c a l  and 

u n o p era ted  c o n t r o l  r a t s  w ere f i r s t  g iv e n  te n  days o f  t r a i n i n g  in  a  Y-maze 

in  which e n t r y  in to  one arm was r e in f o r c e d  by a c c e s s  to  a  w a te r  b o t t l e .

On th e  f i f t h  t r i a l  o f  th e  e le v e n th  day th e  r a t s  w ere  shocked  upon ap ­

p ro a c h in g  th e  w a te r  b o t t l e .  On su b se q u en t t r i a l s  i t  was o b se rv ed  th a t  

w h ile  th e  app ro ach  l a t e n c i e s  to  th e  w a te r  b o t t l e  w ere s i g n i f i c a n t l y  in ­

c re a se d  o v e r  th e  p re -s h o c k  le v e ls  f o r  a l l  g ro u p s , th e  c a u d a te  r a t s  showed 

s i g n i f i c a n t l y  s h o r t e r  l a t e n c i e s  th an  e i t h e r  o f th e  o th e r  two g ro u p s . In  

a  second e x p e rim en t s im i l a r  groups o f  r a t s  w ere p e rm itte d  a  s in g le  oppor­

tu n i ty  to  d r in k  from  a  w a te r  cup a p p a ra tu s  b e fo re  shock was a d m in is te re d  

on th e  second  t r i a l .  In  t h i s  s i t u a t i o n  th e  mean number o f  c o n ta c ts  w ith  

th e  w a te r  cup d id  n o t d i f f e r  s i g n i f i c a n t l y  betw een any o f  th e  g ro u p s . On 

th e  b a s i s  o f  th e s e  two t e s t s  i t  was concluded  t h a t  c au d a te  r a t s  w ere  un­

a b le  to  i n h i b i t  an ap p ro ach  re sp o n se  i f  they  had been  " w e l l - t r a in e d "  

p r e v io u s ly ,  b u t  co u ld  i n h i b i t  i f  n o t p re v io u s ly  " w e l l - t r a in e d . "

In  a t h i r d  ex p erim en t K irkby  and Kimble (1968) s tu d ie d  a c q u i s i t i o n



o f  one-way a c t iv e  a v o id an ce  in  a s h u t t l e  box, and found th a t  c a u d a te  

r a t s  r e q u ir e d  more t r i a l s  to  re a c h  th e  c r i t e r i o n  o f  s u c c e s s f u l  a v o id ­

a n c e , and a l s o  made more f a i l u r e s  to  av o id  a n d /o r  e scap e  shock  th a n  

e i t h e r  h ippocam pal o r  u n o p e ra te d  c o n t r o l s .  The a u th o rs  concluded  th a t  

th e  w arn ing  b u z z e r  p roduced  a r o u s a l  w hich was ab n o rm ally  enhanced in  

th e  c a u d a te  r a t s  due to  th e  ab sen ce  o f  norm al i n h i b i to r y  re s p o n s e s .

The c a u d a te  r a t s  w ere th u s  judged  to  have been  " d is o rg a n iz e d "  and un­

a b le  to  a c q u ir e  a p p r o p r ia te  av o id a n c e  re sp o n s e s  a s  r a p id ly  a s  th e  

c o n t ro l  r a t s .

In  seem ing c o n t r a s t  to  th e  r e s u l t s  r e p o r te d  by K irkby  and Kimble 

(19 6 8 ), and by G reen , B e a t ty ,  and Schwartzbaum  (1 9 6 7 ), A lb e r t  and 

Bigm ani (1968) f a i l e d  to  f in d  e v id e n c e  o f  a c a u d a te  d e f i c i t  in  a c t iv e  

a v o id a n c e . They found t h a t  c a u d a te  r a t s  made th e  same p ro p o r tio n  o f  

s u c c e s s f u l  av o id a n c e  re sp o n se s  in  a  two-way s h u t t l e  box s i t u a t i o n  a s  

sham o p e ra te d  c o n t r o l s .  F u rth e rm o re , mean av o id an ce  re sp o n se  l a t e n c i e s  

f o r  th e s e  two g roups w ere n o t s i g n i f i c a n t l y  d i f f e r e n t .

W inocur and M il l s  (1969) r e p o r te d  a  f a i l u r e  to  f in d  any s i g n i f i c a n t  

d i f f e r e n c e s  in  t r i a l s  to  a c h ie v e  c r i t e r i o n  perfo rm an ce  in  a  one-way a c ­

t i v e  av o id an ce  ta s k  betw een c a u d a te ,  c o r t i c a l ,  and sham o p e ra te d  r a t s .  

They d id  f in d ,  how ever, t h a t  r a t s  w ith  c a u d a te  l e s io n s  re q u ire d  th r e e  to  

fo u r  tim es  a s  many t r i a l s  to  a t t a i n  c r i t e r i o n  on a  p a s s iv e  av o id an ce  

ta s k .  S in ce  th e  p a s s iv e  a v o id an ce  t e s t s  had b een  conducted  u s in g  th e  

same an im a ls  and a p p a ra tu s  used  f o r  th e  a c t i v e  a v o id an ce  ta s k ,  a second  

ex p erim en t was perfo rm ed  in  w hich d i f f e r e n t  c a u d a te ,  c o r t i c a l  and sham 

o p e ra te d  c o n t r o l s  w ere compared on p a s s iv e  av o id an ce  w ith o u t p r io r  

t r a i n i n g .  In  t h i s  second ex p erim en t no d i f f e r e n c e s  in  m edian app ro ach  

l a t e n c i e s  w ere found betw een any o f  th e  g ro u p s .



W inocur and M ills  (1969) concluded  th a t  r a t s  w ith  c a u d a te  n u c le u s  

le s io n s  a r e  a b le  to  a c q u ire  a p a s s iv e  av o id an ce  re sp o n se  when re q u ire d  

to  i n h i b i t  an u n le a rn e d  re s p o n s e , b u t n o t when re q u ire d  to  i n h i b i t  a 

re sp o n se  w hich  had been  p re v io u s ly  r e in f o r c e d .  W ith r e s p e c t  to  p a s ­

s iv e  a v o id a n c e , th e se  c o n c lu s io n s  app ea red  to  su p p o r t th o s e  re a c h e d  by 

K irkby and Kimble (1 9 6 8 ). W inocur and M ills  f e l t ,  how ever, t h a t  a 

s im p le  re sp o n se  i n h i b i t i o n  h y p o th e s is  d id  n o t p ro v id e  an ad e q u a te  ex­

p la n a t io n .  P o in t in g  to  a  s tu d y  by 01to n  and Is a a c so n  (1968) co n c e rn in g  

th e  n a tu re  o f  a c t iv e  av o id an ce  in  s h u t t l e  b o x es , th e y  a rgued  th a t  spa­

t i a l  cues p la y  an im p o rta n t r o l e  in  th e  a c q u i s i t i o n  o f  a p p r o p r ia te  

av o id an ce  b e h a v io r ;  i . e . ,  an im a ls  le a r n  w here shock  w i l l  b e  d e l iv e r e d .  

T hus, th e y  su g g e s te d  th e  a c q u i s i t i o n  o f  s u c c e s s f u l  av o id an ce  may be 

c o n s tru e d  as le a r n in g  a s p a t i a l  d is c r im in a t io n .  W inocur and M ills  sug­

g e s te d  t h a t  s in c e  th e  r a t s  in  t h e i r  f i r s t  p a s s iv e  av o id an ce  t e s t  had 

p r e v io u s ly  a c q u ire d  s u c c e s s f u l  a c t iv e  av o id an ce  in  a s h u t t l e  b ox , th e  

le a r n in g  o f  th e  p a s s iv e  av o id an ce  ta s k  re q u ire d  them to  " re o rg a n iz e "  

s p a t i a l  in fo rm a tio n ,  and i t  may have b een  t h i s  re q u ire m e n t r a t h e r  th a n  

an i n a b i l i t y  to  i n h i b i t  ap p ro ac h  re sp o n se s  w hich was th e  c r i t i c a l  f a c ­

t o r  u n d e r ly in g  th e  poo r p e rfo rm an ce .

T his view  seems p a r t i c u l a r l y  im p o rta n t in  th e  l i g h t  o f  th e  l i t e r a ­

tu r e  p r e v io u s ly  rev ie w e d , w hich s t ro n g ly  in d ic a te s  a  r o l e  f o r  th e  c a u d a te  

n u c le u s  i n  ta s k s  in v o lv in g  s p a t i a l  a l t e r n a t i o n  o r  r e v e r s a l ,  and w hich 

a l s o  c a s t s  doub t on th e  adequacy  o f an i n h i b i t i o n  e x p la n a tio n  ( e . g . ,  

G ro ss , C h o ro v er, and Cohen, 1965; P o te g a l ,  1968).

A no ther i n t e r e s t i n g  p o in t  can  be made in  c o n n e c tio n  w ith  th e  W inocur 

and M ills  (1969) s tu d y .  K irkby  (1970), commenting on t h a t  s tu d y ,  in ­

d ic a te d  t h a t  t h e i r  r e p o r t  t h a t  c a u d a te  le s io n e d  r a t s  w ere n o t  im p a ired



in  th e  a c q u i s i t i o n  o f  a c t iv e  av o id an ce  was in c o n s i s t e n t  w ith  a  s u b s ta n ­

t i a l  p a r t  o f  th e  c u r re n t  l i t e r a t u r e  ( e . g . ,  Thompson and M e t t le r ,  1963; 

G reen , B e a t ty ,  and Schwartzbaum , 1967; K o n o rsk i, 1967; K irkby and 

K im ble, 1968 ). In  re sp o n se  to  K irk b y r s comment, W inocur and M ills  

(1970) a rg u ed  th a t  in  th o se  s tu d ie s  w hich r e p o r te d  f a i l u r e s  to  a c q u ire  

a v o id a n c e , th e  le s io n s  had been  d i r e c te d  a t  th e  p o s te r o - v e n t r a l  por­

t io n s  o f  th e  n u c le u s  and w ere s u f f i c i e n t l y  l a r g e  to  have  encroached  on 

o th e r  s t r u c t u r e s .  A ccord ing  to  W inocur and M ills  (1 9 7 0 ), l e s io n s  r e ­

s t r i c t e d  to  th e  a n te r o - d o r s a l  cau d a te  d id  n o t  r e s u l t  in  f a i l u r e  to  ac ­

q u ir e  a c t iv e  av o id an ce  re sp o n se s  ( e . g . ,  W inocur and M i l l s ,  1969; A lb e rt 

and B igm ani, 1968).

Two s tu d i e s ,  how ever, have s u b se q u e n tly  r e p o r te d  f in d in g  c a u d a te  

r a t s  u n ab le  to  a c q u ire  a c t iv e  av o id an ce  when th e  l e s io n s  w ere re a so n ­

a b ly  w e ll  c o n fin e d  to  th e  a n t e r o - d o r s a l  p a r t  o f  th e  c a u d a te  n u c le u s .  

N e i l l  and Grossman (1970) p la c e d  le s io n s  in  e i t h e r  th e  d o rs a l  o r  v e n t r a l  

a r e a s  o f  th e  a n t e r i o r  c a u d a te  in  r a t s  and found  th a t  th e s e  an im a ls  made 

s i g n i f i c a n t l y  few er s u c c e s s fu l  av o id an ce  re sp o n s e s  th a n  o p e ra te d  o r un­

o p e ra te d  c o n t r o l s .  Mitcham and Thomas (1972) com pared th e  perfo rm ance  

o f  r a t s  w ith  e i t h e r  a n te r o - d o r s a l  c a u d a te  o r  s u b s t a n t i a  n ig r a  le s io n s  

w ith  b o th  o p e ra te d  and norm al c o n t ro l s  on o n e -  and two-way a c t iv e  

a v o id a n c e , and on p a s s iv e  av o id an ce . In  one ex p e rim en t in  w hich  th e  

r a t s  w ere f i r s t  t r a in e d  on one-way a c t iv e  av o id an ce  and then  on a p as­

s iv e  av o id an ce  ta s k ,  they  found  th a t  th e  c a u d a te  and n i g r a l  r a t s  took 

s i g n i f i c a n t l y  more t r i a l s  th a n  c o n t ro l s  to  re a c h  a c r i t e r i o n  o f  n in e  

o u t  o f  te n  s u c c e s s f u l  av o id an ce  re s p o n s e s .  The n i g r a l  r a t s  w ere a ls o  

found to  ta k e  s i g n i f i c a n t l y  more t r i a l s  th a n  th e  c a u d a te  r a t s .  Iden­

t i c a l  g roups w ere run  on th e  p a s s iv e  av o id a n c e  p rob lem , and i t  was



a g a in  found t h a t  th e  c a u d a te  and n i g r a l  r a t s  to o k  more t r i a l s  to  reach  

th e  c r i t e r i o n  th a n  d id  any o f  th e  c o n t r o l s .  No d i f f e r e n c e s  betw een th e  

ca u d a te  and n i g r a l  r a t s  w ere found on th e  p a s s iv e  av o id an ce  ta s k .

In  th e  second  p a r t  o f  t h e i r  s tu d y  Mitcham and Thomas (1972) t r a in e d  

d i f f e r e n t  groups o f  a n te r o - d o r s a l  c a u d a te ,  n i g r a l ,  and c o n t r o l  r a t s  in  

a two-way a c t iv e  avo idance  ta s k .  They found th a t  w h ile  th e  c o n tro l  

groups a l l  showed n e g a t iv e ly  a c c e le r a te d  a c q u i s i t i o n  c u rv e s ,  n e i th e r  

th e  c a u d a te  n o r  th e  n i g r a l  r a t s  e v e r a ch iev ed  b e t t e r  th a n  20 p e rc e n t 

s u c c e s s fu l  av o id an ce  re s p o n s e s .  Mitcham and Thomas co n c lu d ed  th a t  th e  

r e s u l t s  of t h e i r  s tu d y  w ere c o n s i s te n t  w i th  K irk b y 's  (1970) f in d in g s ,  

to  th e  e f f e c t  t h a t  le s io n s  o f  th e  c a u d a te  n u c le u s  do p roduce  d e f i c i t s  

in  r a t s  on b o th  o ne- and two-way a c t iv e  a v o id an ce .

C audate L esioned  R ats and S chedu les  o f  R ein fo rcem en t

R e la t iv e ly  few s tu d ie s  co nce rned  w ith  th e  e f f e c t s  o f  c a u d a te  nu­

c le u s  damage in  r a t s  have em ployed th e  u se  o f  th e  f r e e  o p e ra n t w ith  

t r a d i t i o n a l  sc h e d u le s  o f r e in fo rc e m e n t .  In  one su ch  s tu d y  A lle n , 

M itcham, and Byrd (1972) compared th e  perfo rm an ce  o f  c a u d a te  le s io n e d  

r a t s  w ith  o p e ra te d  and norm al c o n t ro l  an im a ls  on a s c h e d u le  o f  u n s ig ­

n a l le d  (Sidman) av o id a n c e . They found th a t  w h ile  th e  c a u d a te  r a t s  ac ­

q u ire d  th e  b a r  p r e s s  av o id an ce  re sp o n se  th e y  re c e iv e d  h ig h e r  s te a d y  

s t a t e  shock r a t e s  th an  d id  e i t h e r  o f  th e  c o n t ro l  g ro u p s . D is t r ib u t io n s  

o f  in te r r e s p o n s e  tim es (IRTs) showed t h a t  th e  c a u d a te  p e rfo rm an ces were 

c h a r a c te r iz e d  by  s u s ta in e d  p o s t- s h o c k  b u r s t s  fo llo w e d  by  lo n g  pauses o f 

no re sp o n d in g  u n t i l  th e  d e l iv e r y  o f  sh o ck . I n te r r e s p o n s e  tim es p e r  

o p p o r tu n i ty  (IRTs/O p) fu n c t io n s  p ro v id e d  no ev id e n c e  t h a t  th e  cau d a te  

r a t s  a c q u ire d  th e  s o r t  o f  te m p o ra l d is c r im in a t io n  w hich  accom panies 

s u c c e s s fu l  av o id an ce  on such  s c h e d u le s .  The in v e s t i g a t o r s  su g g es ted
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t h a t  th e  c a u d a te  le s io n s  may have in t e r f e r e d  w ith  th e  a c q u i s i t i o n  o f  

norm al tim ing  b e h a v io r .

H ansing , Schw artzbaum , and Thompson (1968) found th a t  r a t s  w ith  b i ­

l a t e r a l  cau d a te  le s io n s  e m itte d  more re sp o n se s  d u r in g  th e  f i r s t  h a l f  o f  

th e  i n t e r v a l  on a  f ix e d  i n t e r v a l  one m inu te  (F I 1) s c h e d u le  th a n  e i t h e r  

u n i l a t e r a l  c a u d a te  r a t s  o r  u n o p e ra ted  c o n t r o l s .  T hese r e s u l t s  w ere 

ta k e n  to  i n d i c a t e  an im pairm ent o f  norm al re sp o n se  i n h i b i t i o n .

I n  c o n t r a s t  to  H an sin g , Schwartzbaum , and Thompson (1 9 6 8 ), Unger 

(1966) f a i l e d  t o  f in d  any  d i f f e r e n c e s  in  th e  te m p o ra l p a t te r n in g  o f  r e ­

sp o n se s  on a f ix e d  i n t e r v a l  one m inu te  sc h e d u le  betw een  r a t s  w ith  cau­

d a te  le s io n s  and  e i t h e r  c o r t i c a l l y  le s io n e d  o r  u n o p e ra te d  c o n t r o l s .

Unger found , how ever, t h a t  th e  c a u d a te  r a t s  to o k  lo n g e r  to  e x t in g u is h  

re sp o n d in g  th a n  d id  th e  r a t s  in  th e  o th e r  two g ro u p s . The in c o n s is te n c y  

betw een  U n g er 's  and H a n s in g 's  e t  a l .  r e s u l t s  can p ro b a b ly  b e  acco u n ted  

f o r  i n  term s o f  lo c u s  o f  le s io n  p la cem e n t. U n g e r 's  l e s io n s  w ere d i ­

r e c te d  c o n s id e ra b ly  more a n t e r i o r a l l y  th a n  w ere th e  l e s io n s  made by 

H ansing  eit a l .

On a  m u l t ip le  sc h e d u le  w hich a l t e r n a t e d  a v a r i a b l e  i n t e r v a l  one min­

u te  component w i th  an e x t in c t i o n  component Unger (1966) found th a t  cau­

d a te  le s io n e d  r a t s  e m itte d  s i g n i f i c a n t l y  more re s p o n s e s  d u r in g  th e  

e x t in c t i o n  component th a n  d id  any o f  th e  c o n t r o l s .  Unger a l s o  exam ined 

th e  perfo rm an ce  o f  c a u d a te  le s io n e d  r a t s  on a  c o n c u r re n t  s c h e d u le  o f  r e ­

in fo rc e m e n t in  w hich  a  t h r e e  m inu te  v a r ia b le  i n t e r v a l  was i n  e f f e c t  on 

one l e v e r ,  and a  t h i r t y  second v a r ia b le  i n t e r v a l  was i n  e f f e c t  on 

a n o th e r  le v e r .  In  te rm s o f  th e  number o f  re in fo rc e m e n ts  o b ta in e d ,  th e  

perfo rm ance  o f  th e  c a u d a te  r a t s  c o u ld  n o t be  d is t in g u is h e d  from  t h a t  o f 

th e  c o n t r o l  a n im a ls .  The f a c t  t h a t  th e  c a u d a te  le s io n e d  r a t s  perfo rm ed



as  w e ll  as th e  c o n t ro ls  on b o th  th e  f ix e d  i n t e r v a l  s c h e d u le  and th e  

c o n c u rre n t s c h e d u le  le d  Unger to  r e j e c t  th e  h y p o th e s is  th a t  c a u d a te  

d e f i c i t s  a re  p r im a r i ly  p e r s e v e r a t iv e  in  n a tu r e .  R e fe r r in g  to  th e  a l ­

te r n a t io n  s tu d y  d is c u s se d  e a r l i e r  in  th e  p r e s e n t  p a p e r (page 9 ) ,  Unger 

a rgued  th a t  th e  im pairm ent ev id en ced  by c a u d a te  r a t s  i s  r e l a t e d  to  th e  

req u ire m en t o f  h av ing  to  s h i f t  from  one mode o f  re sp o n d in g  to  a n o th e r .

I t  was t h i s  req u ire m en t t h a t  b o th  th e  a l t e r n a t i o n  ta s k  and th e  m u lt ip le  

s c h e d u le  appeared  to  have in  common.

F in a l ly ,  two s tu d ie s  have in v e s t ig a te d  th e  perfo rm ance o f  r a t s  w ith  

c a u d a te  n u c leu s  le s io n s  on sc h e d u le s  in v o lv in g  th e  d i f f e r e n t i a l  r e i n ­

fo rcem en t of low r a te s  o f  re sp o n d in g  (DRL). Meyer (1967) t r a in e d  cau­

d a te  r a t s  on DRL sc h e d u le s  o f 5 , 10 , and 15 seconds and f a i l e d  to  f in d  

any d i f f e r e n c e s  i n  th e  mean number o f  re sp o n se s  e m itte d  betw een th e  

c a u d a te  r a t s  and e i t h e r  f r o n t a l  o r  sham o p e ra te d  c o n t r o l s .  Schm altz 

and Is a a c so n  (1 9 6 8 ), u s in g  a  DRL 20 second  s c h e d u le ,  found t h e i r  cau­

d a te  r a t s  e m itte d  more re s p o n se s  d u r in g  th e  f i r s t  te n  o f f o r ty  r e te n ­

t io n  s e s s io n s  th a n  w ere e m itte d  by r a t s  w ith  f r o n t a l  l e s io n s .  The 

d isc re p a n c y  betw een th e s e  two s tu d ie s  can  p ro b a b ly  be re s o lv e d  in  term s 

o f l e s i o n  p lacem en t. M ey er 's  le s io n s  w ere p la c e d  r e l a t i v e l y  more d o r-  

s a l l y  th a n  th o se  p la c e d  by Schm altz and I s a a c s o n .  A nother d i f f e r e n c e  

i s  t h a t  th e  DRL i n t e r v a l  em ployed by Schm altz  and Is a a c s o n  was lo n g e r  

th a n  th a t  used i n  M eyer's s tu d y .

B e h a v io ra l C h a r a c te r iz a t io n  o f  C audate L e s io n  E f f e c t s  in  R ats

S tu d ie s  o f th e  e f f e c t s  o f  c a u d a te  n u c le u s  l e s io n s  in  r a t s  ap p e a r to  

be  c o n s is te n t  w ith  f in d in g s  o u t l in e d  e a r l i e r  in  t h i s  d is c u s s io n  con­

c e rn in g  th e  e f f e c t s  o f  c a u d a te  n u c le u s  l e s i o n s  in  o th e r  s p e c ie s .  S im i­

l a r  e x p la n a tio n s  have been  o f f e r e d  to  ac c o u n t f o r  th e  b e h a v io ra l  changes



o b se rv ed ; e . g . ,  f a i l u r e  to  i n h i b i t  p r e v io u s ly  t r a in e d  r e s p o n s e s ,  ten d ­

ency to  p e r s e v e r a te ,  i n a b i l i t y  to  s h i f t  from  one mode o f  re sp o n se  to  

a n o th e r  o r  to  i n i t i a t e  b e h a v io r ,  in t e r f e r e n c e  w ith  norm al u t i l i z a t i o n  

o f  s p a t i a l  c u e s , e t c .  Some o f  th e se  a t te m p ts  to  a cc o u n t f o r  th e  r o le  

o f  th e  c a u d a te  n u c le u s  in  b e h a v io r  r e p r e s e n t  l i t t l e  more th a n  summary 

d e s c r ip t io n s  o f  th e  b e h a v io r  i t s e l f ,  o r  seem to  be th e  p ro d u c ts  o f  th e  

k in d  o f  re a so n in g  w hich G regory  (1961) h as  c r i t i c i z e d ;  nam ely, th a t  in  

th e  absence  o f  an  e x p l i c i t  know ledge o f  th e  e x a c t r o l e  o f  a b r a in  a re a  

a s  a  f u n c tio n in g  p a r t  o f  a  c i r c u i t ,  th e  a r e a  i s  in a p p r o p r ia te ly  a s ­

s ig n e d  a f u n c t io n  on th e  b a s i s  o f  b e h a v io ra l  changes r e s u l t i n g  from  th e  

d e s t r u c t io n  o f  t h a t  a r e a .  The ass ig n m en t o f  an i n h i b i to r y  fu n c t io n  to  

th e  c a u d a te  n u c le u s  seems to  p ro v id e  a  f a i r l y  good exam ple o f  t h i s  k ind  

o f  re a s o n in g . Dews' (1958) a d v ic e  co n c e rn in g  th e  a n a ly s i s  o f  pharma­

c o lo g ic  and o th e r  p h y s io lo g ic a l  e f f e c t s  on b e h a v io r  seems p a r t i c u l a r l y  

r e le v a n t  h e r e .  Dews su g g e s te d  th a t  e x p e r im e n ta l i n v e s t ig a t io n s  con­

ce rn e d  w ith  b e h a v io r  and p h y s io lo g ic a l  p ro c e s s e s  sh o u ld  s t r i v e  to  p ro ­

v id e  o p e r a t io n a l  a n a ly s e s .  R a th e r th a n  a p p e a l to  u n s p e c if ic  p ro c e s s e s ,  

in v e s t ig a t io n s  sh o u ld  a t te m p t to  d e te rm in e  to  w hat e x te n t  a l t e r a t i o n s  

in  th e  p h y s io lo g ic a l  s u b s t r a t e  p roduce changes on dependen t v a r i a b le s  

w hich  a r e  l i k e  changes p roduced  by o th e r  e x p e rim e n ta l o p e ra t io n s  w ith  

w hich  we may be more f a m i l i a r .

W ith th e  i n t e n t i o n  o f  j u s t  such  a b e h a v io ra l  a n a l y s i s  o f  c a u d a te  

n u c le u s  f u n c t io n ,  Thompson (1963a) a n a ly z e d  th e  ty p i c a l  d e f i c i t s  s u f ­

f e r e d  by c a u d a te  le s io n e d  a n im a ls  in  te rm s  c o n s i s te n t  w ith  c u r r e n t  

re in fo rc e m e n t th e o ry . Thompson p o in te d  o u t t h a t  c a u d a te  le s io n e d  a n i ­

m als a r e  t y p i c a l l y  im p a ired  when ta s k s  r e q u i r e  th e  b r id g in g  o f  a  d e la y  

i n t e r v a l  o r  c o n ta in  an  e x t in c t i o n  com ponent. I f  e x t in c t i o n  i s  con -



s id e r e d  a b e h a v io ra l  e q u iv a le n t  o f i n h i b i t i o n ,  i t  i s  th u s  su g g e s te d  

th a t  c a u d a te  le s io n s  in c re a s e  r e s i s t a n c e  to  e x t in c t i o n .

Thompson (1963a) a l s o  s u g g e s te d , a s  d id  M ile s  (1 9 6 4 ), t h a t  on th o se  

ta s k s  w hich in c lu d e  a  d e lay  re q u ire m e n t ( e . g . ,  d e la y e d  a l t e r n a t i o n ,  DRL 

s c h e d u le s )  an im a ls  may le a rn  to  b r id g e  such  d e la y s  th ro u g h  th e  a c q u i s i ­

t io n  o f a d v e n t i t i o u s ly  ch a in ed  " tim in g "  o r  m e d ia tin g  b e h a v io r .  The de­

velopm ent o f such  c h a in s  can b e  conce ived  in  s e v e r a l  w ays. S choen fe ld  

and Farm er (1970) p o in te d  o u t ,  fo r  exam ple, t h a t  w henever a re sp o n se  

c l a s s  (R) i s  s p e c i f i e d ,  i t s  complement (n o t-R ) i s  a ls o  n e c e s s a r i ly  de­

f in e d .  I f  i t  i s  assum ed th a t  an o rgan ism  i s  a lw ays do in g  so m eth in g , 

th e n  any d e c re a se  in  th e  p r o b a b i l i t y  o f  R must b e  accom panied by an in ­

c re a s e  in  th e  p r o b a b i l i t y  o f n o t-R . A ccord ing  to  such a v iew , th e  

a b i l i t y  o f an o rg an ism  to  d e la y  o r i n h i b i t  b e h a v io r  in v o lv e s  in c re a s e s  

in  th e  freq u en cy  o f  " o th e r "  b e h a v io r .

The developm ent o f  such c h a in s  o f  " o th e r "  b e h a v io r  h as  been  re g a rd e d  

as im p o r ta n t to  th e  a c q u i s i t i o n  o f o p tim a l p erfo rm an ce  on sc h e d u le s  o f 

re in fo rc e m e n t in  w hich  p e r io d s  o f  n o n - re in fo rc e d  le v e r  p r e s s in g  ( i . e . ,  

e x t in c t io n )  a l t e r n a t e  w ith  p e r io d s  o f  r e in f o r c e d  re sp o n d in g , o r  when 

c o n tin u e d  re sp o n d in g  d u rin g  p e r io d s  o f  n o n -re in fo rc e m e n t h as  th e  e f f e c t  

o f p o s tp o n in g  o c c a s io n s  f o r  r e in fo rc e m e n t .  T h is  a p p e a rs  to  be  esp e­

c i a l l y  t r u e  when n e i t h e r  re in fo rc e m e n t n o r n o n -re in fo rc e m e n t p e r io d s  

a re  c o r r e l a t e d  w ith  e x te r o c e p t iv e  s t im u l i  (W ilson  and K e l l e r ,  1953; 

F e r s t e r  and S k in n e r , 1957; W eiss , L a t i e s ,  S ie g e l ,  and G o ld s te in ,  1966 ).

I t  h as  b een  f u r th e r  argued  by b e h a v io r  t h e o r i s t s  t h a t  in  th e  ab­

sen ce  o f  c o r r e l a te d  e x te r o c e p t iv e  s t i m u l i ,  th e  em iss io n  o f  " o th e r "  be­

h a v io r  n e c e s s a r i ly  comes under th e  c o n t r o l  o f  re s p o n s e  p rod u ced  s t im u l i ,  

i . e . ,  p r o p r io c e p t iv e ,  k i n e s t h e t i c ,  o r  t a c t i l e  s t i m u l i  (K e l le r  and



S ch o en fe ld , 1950; F e r s t e r  and S k in n e r , 1957; Thompson, 1 9 6 3 a).

I f  th e  developm ent o f c h a in s  o f  " o th e r "  b e h a v io r ,  o c ca s io n ed  o r 

c o n t ro l le d  la r g e ly  by re sp o n s e  p roduced  s t im u l i ,  i s  a re q u ire m e n t c h a r ­

a c t e r i s t i c  o f  th e  k in d  o f  l e a r n in g  ta s k s  on which c a u d a te  le s io n e d  

an im als  a re  most o f te n  im p a ire d , th e n  i t  may be t h a t  ca u d a te  damage in ­

t e r f e r e s  in  some way w ith  th e  d is c r im in a t io n  o f  re sp o n se  p roduced  s tim ­

u l i .  T his view  would seem c o n s i s t e n t  w ith  P o te g a l ’ s (1969) argum ent 

t h a t  cau d a te  le s io n s  i n t e r f e r e  w ith  s p a t i a l  " e g o - c e n t r ic "  l o c a l i z a t i o n ;  

i . e . ,  l o c a l i z a t i o n  on th e  b a s i s  o f  s t im u l i  a r i s i n g  from  th e  a n im a l 's  

b o d ily  o r i e n t a t i o n .  I t  would a l s o  ap p ea r c o n s i s te n t  w ith  th o se  s tu d ie s  

in  w hich c a u d a te  le s io n e d  an im a ls  have been  d e s c r ib e d  as u n a b le  to  

s h i f t  from one re sp o n se  mode to  a n o th e r .  In  such  s tu d ie s  th e  o c c a s io n s  

f o r  s h i f t i n g  w ere seldom  e x te r o c e p t iv e ly  cued ( e . g . ,  G ro ss , C horover, 

and Cohen, 1965; U nger, 1966 ).

In  s h o r t ,  i t  seems re a s o n a b le  to  s u g g e s t th a t  th e  b e h a v io ra l  d e f ­

i c i t s  d is p la y e d  by an im als  w ith  c a u d a te  l e s i o n s ,  c h a r a c te r i z e d  as f a i l ­

u re s  o f  i n h i b i t i o n ,  i n a b i l i t y  to  s h i f t  from  one re sp o n se  to  a n o th e r , 

d i s r u p t io n  o f  " e g o - c e n t r ic "  l o c a l i z a t i o n ,  may a l l  r e f l e c t  a  d is r u p t io n  

in  th e  norm al p ro p r io c e p t iv e  o r  k i n e s t h e t i c  c o n t r o l  o f s e q u e n t i a l  

b e h a v io r .

Mixed F ix e d -R a tio  S chedu les

The p r in c ip le  d i f f i c u l t y  w ith  such  a h y p o th e s is  i s  th e  r e l a t i v e  in ­

v i s i b i l i t y  o f re sp o n se  p roduced  s t i m u l i .  T h is  p rob lem  h as  le d  some 

t h e o r i s t s  to  d ism iss  a p p e a ls  to  re s p o n se  produced s t im u l i  a s  unproduc­

t i v e  ( e . g . ,  K e l le h e r ,  1966 ). C u rre n t o p e ra n t te c h n o lo g y  d o e s , how ever, 

p ro v id e  s e v e r a l  ways i n  w hich th e  r o l e  o f  re sp o n se  p roduced  s t im u l i  may 

be r e f l e c t e d .  Among th e s e  a r e  s c h e d u le s  known as  mixed sc h e d u le s  in



w hich  two o r  more sc h e d u le  com ponents a re  a l t e r n a t e d  in  random m anner, 

b u t a re  n o t  e x te r o c e p t iv e ly  cued . When e x te r o c e p t iv e  cues a re  p ro ­

v id e d  th e  sc h e d u le s  a r e  c a l l e d  m u l t ip le  s c h e d u le s  ( F e r s te r  and S k in n e r , 

1957 ).

F e r s te r  and S k in n e r (1 9 5 7 ) , f o r  exam ple, d e s c r ib e d  a mixed f ix e d  

r a t i o  sc h e d u le  in  w hich  a s h o r t  FR i s  random ly a l t e r n a t e d  w ith  a lo n g  

FR ( e . g . ,  Mix FR 30 FR 1 8 0 ). A f te r  re p e a te d  ex p o su re  to  such a sch ed ­

u le  p ig eo n s w ere o b se rv ed  to  p a u se , w h ile  re sp o n d in g  on th e  lo n g  FR, 

a t  a p o in t a p p ro x im a tin g  th e  number o f  re sp o n se s  r e q u ir e d  by th e  s h o r t  

FR. In  view  o f th e  la c k  o f  e x te r o c e p t iv e  cu es  F e r s t e r  and S k in n er a r ­

gued th a t  such  p au ses  w ere o c c a s io n e d  by s t im u l i  a r i s i n g  from th e  b i r d 's  

own b e h a v io r .

On th e  b a s is  o f  F e r s t e r  and S k in n e r 's  (1957) a c c o u n t o f Mix FR 

sc h e d u le  p erfo rm an ce  i t  became a p p a re n t t h a t  number o f  re sp o n se s  em it­

te d  in  FR runs c o u ld  be  co n ce iv ed  a s  a s t im u lu s .  M echner (1 9 5 8 a ), con­

ce rn e d  w ith  th e  co n c e p t o f  " i n t e r n a l  co h e s io n "  o f  FR ru n s ,  developed  a 

" c o u n tin g "  sc h e d u le  in  w hich  c o m p le tio n  o f an  FR on one le v e r  was r e i n ­

fo rc e d  when th e  r a t  " r e p o r te d "  su ch  co m p le tio n  by p r e s s in g  a second 

l e v e r .  T h is  p ro c e d u re  e n a b le d  M echner to  d e s c r ib e  FR re sp o n d in g  on th e  

f i r s t  le v e r  in  te rm s o f  th e  p r o b a b i l i t y  t h a t  a  r a t  w ould te rm in a te  an 

FR run  h av in g  a l re a d y  e m itte d  N re s p o n s e s . Berrym an, Wagman, and K e l le r  

(1960) p o in te d  o u t t h a t  in  M ech n er 's  p ro c e d u re  cum ulated  freq u en cy  d i s ­

t r i b u t i o n s  o f  th e  ru n  le n g th s  on th e  f i r s t  l e v e r  co u ld  be re g a rd e d  as 

p sy c h o p h y s ic a l f u n c t io n s .  P l a t t  and Senkowski (1970) used  a m o d if ic a ­

t i o n  of M echner's  p ro c e d u re  to  o b ta in  such  p sy c h o p h y s ic a l fu n c tio n s  w ith  

th e  in t e n t  o f f u r t h e r  d e s c r ib in g  th e  r o le  o f  number o f  re sp o n se s  a s  a 

s t im u lu s .  In  t h e i r  p ro c e d u re  com pleted  FR ru n s  w ere " re p o r te d "  by th e  

i n t e r r u p t io n  o f a  pho to  beam a c ro s s  th e  food h o pper r a th e r  th a n  by a



re sp o n se  on a second  l e v e r .  P l a t t  and Senkow ski found th a t  b o th  means 

and s ta n d a rd  d e v ia t io n s  o f  th e  ru n  le n g th  d i s t r i b u t i o n s  a t  d i f f e r e n t  

FR re q u ire m e n ts  w ere l i n e a r  in c r e a s in g  f u n c t io n s  o f th e  FR re q u ire m e n t.

Thus th e  l i n e a r  g e n e r a l iz a t io n s  o f  W eber's  Law ( ^ 1  ■ KI + C) was used

to  d e s c r ib e  th e  r e l a t i o n  o f  th e  s ta n d a rd  d e v ia t io n s  to  th e  m eans.

F e r s t e r  and S k in n e r (1957) a l s o  d e s c r ib e d  a mixed sc h e d u le  in  w hich

FR r e in f o r c e d  p e r io d s  w ere a l t e r n a t e d  random ly w ith  p e r io d s  o f e x t in c ­

t i o n  (Mix FR E x t ) . As w ith  a l l  mixed s c h e d u le s  no e x te r o c e p t iv e  s t im u l i  

w ere c o r r e l a t e d  w ith  e i t h e r  com ponent. The end o f  an e x t in c t i o n  p e r io d  

was s ig n a l l e d  by an a r b i t r a r y  e v e n t ,  e . g . ,  th e  l i g h t s  in  th e  e x p e r i ­

m e n ta l chamber w ere tu rn e d  o u t f o r  th r e e  s e c o n d s . The end o f  an FR r e ­

in fo rc e m e n t w as, o f c o u r s e ,  s ig n a l l e d  by th e  d e l iv e r y  o f  r e in fo rc e m e n t .  

As w ith  o th e r  ty p e s  o f  Mix FR s c h e d u le s  i t  was assumed th a t  in  o rd e r  to  

d e te rm in e  w hich co n tin g e n c y  was in  e f f e c t  an  an im al would n o rm a lly  em it 

th e  number o r  re sp o n s e s  c a l l e d  f o r  by th e  FR. The p r e s e n ta t io n  o f  r e ­

in fo rc e m e n t in d ic a te d  t h a t  th e  p e r io d  had  b een  a re in fo rc e m e n t p e r io d ,  

w h ile  no re in fo rc e m e n t in d ic a te d  t h a t  e x t i n c t i o n  was in  e f f e c t .  A ni­

m als w ere presum ed to  d is c r im in a te  e x t in c t i o n  on th e  b a s i s  o f  s t im u l i  

a r i s i n g  from t h e i r  own le v e r  p r e s s in g  b e h a v io r .

A lthough s te a d y  s t a t e  re sp o n d in g  on Mix FR Ext s c h e d u le s  has  n o t 

been  in v e s t ig a t e d  th o ro u g h ly  p a r a m e t r i c a l l y ,  some ty p i c a l  perfo rm an ces  

have been  d e s c r ib e d  by F e r s t e r  and S k in n e r (1957) and by Weissman 

(1 9 6 0 ). A f te r  p ro lo n g e d  exp o su re  to  th e  s c h e d u le ,  a p a t t e r n  o f  r e ­

sp o n d in g  em erged i n  w h ich , fo llo w in g  a n o n - r e in fo rc e d  ru n , th e  an im al 

s to p p e d  re sp o n d in g  u n t i l  th e  end o f th e  e x t i n c t i o n  p e r io d  was s ig n a l l e d .

The p a t t e r n  o f  re sp o n d in g  g e n e ra te d  by  Mix FR Ext s c h e d u le s  resem ­

b le d  th e  k ind  o f  d is c r im in a te d  e x t in c t i o n  r e p o r te d  by B u llo ck  and Sm ith 

(1953) where a n im a ls  w ere exposed to  d a i ly  s e s s io n s  in  w hich  th e  f i r s t



40 le v e r  p r e s s e s  were each  r e in f o r c e d  and in  which th e  4 1 s t  re sp o n se  

i n i t i a t e d  a one hour e x t in c t i o n  p e r io d .  The number o f re sp o n se s  e m it­

te d  d u r in g  e x t in c t io n  d e c re a se d  to  a l i m i t in g  v a lu e  by th e  te n th  s e s ­

s io n .  The B u llo ck  and Sm ith p ro c e d u re  r e p re s e n te d  a p r o to ty p ic a l  Mix 

FR Ext sc h e d u le  and was i n t e r p r e t e d  as  d e m o n s tra tin g  th e  d is c r im in a ­

t io n  o f  e x t in c t io n  based  upon r e s p o n s e - c o r r e la te d  s t im u la t io n .

F u r th e r  ev id en ce  f o r  th e  developm ent o f  d is c r im in a t io n  based  on r e ­

spo n se  c o r r e l a t e d  s t im u l i  was p re s e n te d  by P rib ram  (19 5 8 ). P r ib ra m 's  

p ro ced u re  a ls o  r e p re s e n te d  a p r o to t y p ic a l  mixed sc h e d u le  in  th a t  FR 40 

and FI 4 m inu te  com ponents w ere a l t e r n a t e d  in  th e  ab sen ce  o f  c o r r e la te d  

e x te r o c e p t iv e  s t im u l i .  D i f f e r e n t i a l  r a t e s  o f  re sp o n d in g  in  th e  two 

com ponents ( i . e . ,  h ig h  r a t e s  in  FR 40 and low er r a t e s  in  F I 4 m in u tes) 

d em o n stra ted  th e  d is c r im in a t io n .  I n t e r e s t i n g l y ,  P rib ram  re p o r te d  t h a t  

norm al monkeys and monkeys w ith  in f e r e te m p o ra l  l e s io n s  showed d i f f e r ­

e n t i a l  re sp o n d in g  on th e  sc h e d u le  w h ile  monkeys w ith  a n t e r o f r o n ta l  

le s io n s  d id  n o t .

Thompson (1963a, 1963b) s tu d ie d  th e  e f f e c t s  o f c a u d a te  le s io n s  in  

monkeys on b e h a v io r  m a in ta in e d  by Mix FR Ext s c h e d u le s .  He o bserved  

t h a t  le s io n e d  an im als  t y p i c a l l y  made an i n i t i a l  run  in  e x t in c t i o n ,  

p au sed , b u t  th en  made a d d i t io n a l  ru n s  in  th e  same e x t in c t i o n  p e r io d  

w ith  g r e a t e r  freq u en cy  th a n  d id  c o n t r o l  s u b je c t s .  Such an o b s e rv a tio n  

m igh t w e ll  have tem pted c h a r a c t e r i z a t i o n  a s  a  f a i l u r e  o f  i n h i b i t i o n ,  

i n a b i l i t y  to  sw itc h  from  one b e h a v io r  to  a n o th e r ,  o r  a s h o r t  term  

memory d e f i c i t .  In  any e v e n t ,  Thompson p o in te d  o u t t h a t  th e  b e h a v io r  

g e n e ra te d  by Mix FR Ext sc h e d u le s  f e l l  in to  th e  c l a s s  o f b e h a v io rs  

t y p i c a l l y  d is tu rb e d  by c a u d a te  l e s i o n s .  T h is  was n o t  s u r p r i s in g  s in c e  

th e  Mix FR Ext sc h e d u le  co u ld  be presum ed to  r e q u i r e  b o th  th e  d is c r im ­

in a t io n  o f  e x t in c t io n  w ith o u t th e  a id  o f  e x te r o c e p t iv e  s t i m u l i ,  and th e



o c c a s io n in g  o f  o th e r  b e h a v io r  ( i . e . ,  n o t  le v e r  p r e s s in g ) .

The P re s e n t Study

The Mix FR Ext s c h e d u le  th u s  p re s e n te d  i t s e l f  as a p ro ced u re  by  

w hich to  d e s c r ib e ,  in  b o th  o p e r a t io n a l  and f u n c t io n a l  te rm s , th e  e f f e c t s  

o f  cau d a te  n u c leu s  l e s io n s  in  r a t s .  F u rth e rm o re , th e  sc h e d u le  c o u ld  be 

programmed on a s in g le  l e v e r .  C audate le s io n s  i n  th e  r a t  n e c e s s a r i ly  

in v o lv e  damage to  i n t e r n a l  c a p s u la r  f i b e r s  o f  p assag e  and can p roduce  

m otor im pairm ent in d e p e n d e n t o f  c a u d a te  d e s t r u c t io n .  I t  was th u s  con­

s id e r e d  d e s i r a b le  to  employ a  s c h e d u le  w h ich , i n  a d d i t io n  to  th e  i n ­

c lu s io n  o f  an e x t in c t io n  component and th e  c r e a t io n  o f  a  s i t u a t i o n  in  

w hich e x t in c t io n  w ould be d is c r im in a te d  on th e  b a s is  o f  re sp o n se  p ro ­

duced s t i m u l i ,  d id  n o t  in v o lv e  lo co m o tio n  betw een  two o r  more l e v e r s .

The s tu d y  com prised  two e x p e r im e n ts . E xperim ent I  in v e s t ig a te d  

p o s t - o p e r a t iv e  a c q u i s i t i o n  and s te a d y  s t a t e  c h a r a c t e r i s t i c s  o f  re sp o n d ­

in g  a t  f o u r  le v e ls  o f  th e  FR re q u ire m e n t;  FR 1 , 4 , 8 , and 16. E x p e r i­

ment I I  compared p r e - o p e r a t iv e  perfo rm an ce  w ith  p o s t - o p e r a t iv e  r e t e n t io n  

a t  one l e v e l  o f th e  FR re q u ire m e n t, FR 1.

On th e  b a s is  o f  p i l o t  work i t  was d ec id ed  to  employ a  d i f f e r e n t i a l  

re in fo rc e m e n t o f  o th e r  b e h a v io r  (DRO) co n tin g e n c y  f o r  th e  n o n - r e in -  

fo rc e d  component o f  th e  mixed sc h e d u le  r a th e r  th a n  s im p le  e x t in c t i o n .

DRO in v o lv e s  th e  p r e s e n ta t io n  o f  a s t im u lu s  c o n t in g e n t upon th e  em iss io n  

o f  " o th e r"  b e h a v io r  d e f in e d  a s  an  i n t e r v a l  of tim e  d u r in g  w hich no r e ­

sp o n se s , i . e . ,  le v e r  p r e s s e s ,  o c c u r . T h is  co n tin g e n c y  was in s tru m e n te d  

in  o rd e r  to  m inim ize th e  p o s s i b i l i t y  o f  a d v e n t i t io u s  re in fo rc e m e n t 

d u r in g  the n o n - re in fo rc e d  component o f  th e  m ixed sc h e d u le  as w e ll a s  

to  p la c e  a  premium on n o t re sp o n d in g  once an i n i t i a l  ru n  had been 

e m itte d .

As th e  l i t e r a t u r e  showed th e  c a u d a te  n u c le u s  o f some sp e c ie s  to  be



f u n c t io n a l ly  h e te ro g e n e o u s , i t  was d ec id ed  to  in c lu d e  two c a u d a te  

g ro u p s , one w ith  a n t e r i o r  l e s io n s  and a n o th e r  w ith  p o s t e r i o r  l e s i o n s ,  

r a th e r  th a n  a s in g le  c a u d a te  group and a n o n -c a u d a te  le s io n e d  c o n t ro l  

(D iv ac , 1968b; R osvo ld , 1 9 6 8 ).

In  a d d i t io n  to  p ro v id in g  a f u r th e r  d e s c r ip t io n  o f c a u d a te  le s io n  

e f f e c t s ,  th e  d a ta  to  be o b ta in e d  from an u n o p e ra ted  norm al c o n t ro l  

group w ere in te n d e d  to  p ro v id e  a needed p a ra m e tr ic  s tu d y  o f  b e h a v io r  

m a in ta in e d  by Mix FR DRO s c h e d u le s ,  and an e x te n s io n  to  mixed sc h e d u le s  

o f  B o re n 's  (1961) s tu d y  o f  r e s i s t a n c e  to  e x t in c t i o n  as a fu n c t io n  o f 

th e  s iz e  o f  th e  f ix e d  r a t i o .



EXPERIMENT I

Method

S u b je c ts . Twenty-two e x p e r im e n ta l ly  n a iv e , m a le , Long Evans hooded 

r a t s ,  a p p ro x im a te ly  60 days o ld  a t  tim e  o f  d e l iv e r y ,  w ere o b ta in e d  from 

Rockland Farm s, I n c . ,  G i l b e r t s v i l l e , P e n n sy lv a n ia .

The an im als  w ere in d iv id u a l ly  housed  in  s t a i n l e s s  s t e e l  d raw er ty p e  

cages m easu ring  a p p ro x im a te ly  17 .5  cm w ide by 2 4 .5  cm deep by 1 7 .5  cm 

h ig h . The cages w ere lo c a te d  in  a sm a ll room m e asu rin g  ap p ro x im a te ly

1 .8  by 1 .8  m e te rs ,  i l lu m in a te d  by a f r o s te d  60 w a tt  l i g h t  b u lb .  The 

l i g h t - d a r k  c y c le  in  th e  room was n o t s t r i c t l y  c o n t r o l l e d .  The l i g h t  

was tu rn e d  on a t  ap p ro x im a te ly  8 :0 0  a .m . ,  and tu rn e d  o f f  from  betw een 

5 :0 0  and 7 :00  p .m .,  depending  upon th e  sc h e d u le s  o f  o th e r  e x p e r im e n te rs . 

T em peratu re  in  th e  room v a r ie d  betw een 70 and 80 d e g re e s  F a h re n h e i t  

th ro u g h o u t th e  c o u rse  o f  th e  s tu d y .

A nim als w ere m a in ta in e d  on a  d i e t  o f  P u r in a  L a b o ra to ry  P e l l e t s  fo r  

ro d e n ts .  W hile f r e e  fe e d in g , food and w a te r  w ere a v a i la b l e  a t  a l l  

t im e s .

F ree  fe e d in g  w e ig h ts  w ere d e te rm in e d  when th e  an im a ls  w ere a p p ro x i­

m a te ly  150 days o ld ,  by w eigh ing  each  an im al f o r  sev en  c o n s e c u t iv e  days 

and th e n  ta k in g  th e  mean o f th e  l a s t  th r e e  d ay s . A ll  an im a ls  w ere th e n  

p la c e d  on food and w a te r  d e p r iv a t io n  and reduced  to  80% o f t h e i r  f r e e  

fe e d in g  w e ig h ts .  At th e  o n se t o f  d e p r iv a t io n  a l l  food and w a te r  were 

removed from  th e  cag es  f o r  a  p e r io d  o f  48 h o u rs .  Each r a t  was th e r e ­

a f t e r  p e rm itte d  sev en  grams o f  l a b o r a to r y  chow and  two h o u rs ' a c c e ss  to  

a  w a te r  b o t t l e  each  day u n t i l  80% o f w e ig h t was a t t a i n e d .  D uring  th i s  

tim e  fe e d in g  o c c u rre d  a t  a p p ro x im a te ly  8 :00  a.m . each  day .

When th e  80% l e v e l s  were re a c h e d , th e  r a t s  w ere  fe d  from  one to



30.

fo u r  p e l l e t s  o f  lab  chow d a i ly  a c c o rd in g  to  in d iv id u a l  d e v ia t io n s  from 

80% w e ig h t. T h is  reg im en  was m a in ta in e d  th ro u g h o u t th e  experim en t 

e x c e p t fo r  a  p e r io d  o f  one week p r io r  to  s u rg e ry  and d u r in g  th e  p o s t ­

o p e ra t iv e  re c o v e ry  p e r io d .  At th e  end o f  th e  re c o v e ry  p e r io d  f r e e  

fe e d in g  w e ig h ts  were d e te rm in ed  a second tim e .

Of th e  22 r a t s  i n i t i a l l y  r e c e iv e d ,  two f a i l e d  to  a c q u ire  b a r  p r e s s ­

in g  d u rin g  th e  f i r s t  s e s s io n  o f  sh ap in g  and w ere d is c a rd e d .  Of th e  20 

r a t s  which a c q u ire d  b a r  p r e s s in g ,  two c o n t r a c te d  r e s p i r a t o r y  in f e c t io n s  

and w ere d is c a rd e d . Of th e  rem a in in g  18 , sev en  w ere a s s ig n e d  to  th e  

a n t e r i o r  c a u d a te  group (A ), s i x  to  th e  p o s t e r i o r  c a u d a te  group ( P ) , and 

f iv e  to  a no rm al c o n t ro l  group (N ). A nim als in  th e  no rm al c o n t ro l  

group d id  n o t undergo s u rg e ry  o f  any k in d .  T hree r a t s  in  group A and 

one r a t  in  group P f a i l e d  to  re c o v e r  from  s u rg e ry .

An a tte m p t was made to  a s s ig n  r a t s  to  g roups on th e  b a s is  o f  b a r  

p r e s s in g  r a t e s  d u rin g  th e  f i n a l  s e s s io n  o f  p r e - o p e r a t iv e  t r a i n in g  on 

s im p le  FR 1 , such th a t  mean r a t e s  f o r  th e  th r e e  groups would be approx­

im a te ly  e q u a l .  Given th a t  fo u r  r a t s  f a i l e d  to  s u rv iv e  s u rg e ry  t h i s  was 

o n ly  p a r t l y  acco m p lish ed . Of th e  an im a ls  w hich  re c o v e re d  from s u rg e ry ,  

fo u r  w ere a s s ig n e d  to  group A, f iv e  to  group P , and f i v e  to  group N.

Of th e s e ,  one r a t  in  group A d ie d  d u r in g  t e s t i n g  on FR 16 (see  P ro c e ­

d u re )  , and one r a t  in  group N d ie d  w h ile  a c t i v i t y  m easures w ere b e in g  

ta k e n ,  b o th  o f  r e s p i r a t o r y  i n f e c t io n .

A p p a ra tu s . T ra in in g  was c a r r i e d  o u t i n  th r e e  i d e n t i c a l  commer­

c i a l l y  m anufactu red  o p e ra n t c o n d i t io n in g  cham bers (Model 1111-L, Grason 

S ta d l e r  C o ., Concord, M a ss .) . As th e  p ro c e d u re  r e q u ir e d  on ly  one le v e r  

manipulandum in  each cham ber, th e  le v e r  n e a r e s t  th e  d o o r o f  each  chamber 

was removed. Aluminum p la t e s  w ere b o l te d  i n  p la c e  o v e r  th e  em ptied  

s l o t s .



The sp a c e  w i th in  each  chamber m easured  a p p ro x im a te ly  28 .0  cm h ig h  

by 30 .0  cm w ide by 30 .5  cm deep and was l i g h te d  by a 14 v o l t  0 .2  ampere 

house l i g h t  (W estinghouse No. 1815) lo c a te d  i n  th e  u p p er l e f t  c o m e r  o f 

th e  cham ber a p p ro x im a te ly  2 5 .0  cm above th e  g r id  f lo o r  and 14 .0  cm to  

th e  l e f t  o f  th e  d ip p e r .  An a d d i t io n a l  l i g h t  (28 v o l t  0 .0 4  am pere, West­

inghouse  No. 1819) was i n s t a l l e d  th ro u g h  a h o le  j u s t  above th e  d ip p e r ,  

p ro tru d in g  in to  th e  sp ace  above th e  d ip p e r  a p p ro x im a te ly  0 .5  cm. The 

le v e r  m an ipu landa  were G erbrands m odel G6312 r a t  le v e r s  (Ralph G erbrands 

C o ., A r l in g to n ,  M ass.) w h ich  m easured ap p ro x im a te ly  1 .3  cm th ic k  by  5 .0  

cm w ide and p ro tru d e d  i n t o  th e  e x p e r im e n ta l sp a c e  ap p ro x im a te ly  1 .5  cm. 

Each le v e r  was w eigh ted  to  r e q u ire  a  f o r c e  o f  a p p ro x im a te ly  20 .0  grams 

th ro u g h  a  downward e x c u rs io n  o f a p p ro x im a te ly  0 .2  cm to  a c t i v a t e  an 

a s s o c ia te d  m ic ro sw itc h .

Each cham ber c o n ta in e d  a  G erbrands L iq u id  D ipper (Model GS-RH 24 

VDC) w hich d e l iv e r e d  a 0 .1  cc  m ix tu re  o f  one p a r t  sw eetened  condensed  

m ilk  to  one p a r t  w a te r .

Each chamber a ls o  c o n ta in e d  a th r e e - in c h  sp e a k e r  w i th  an Im pedance 

o f  45 ohms th ro u g h  which w h ite  n o is e  was d e l iv e r e d  by means o f  a  s in g l e  

Grason S ta d le r  model 901 n o is e  g e n e ra to r .  A v e n t i l a t o r  fa n  in  eac h  

chamber p ro v id e d  a d d i t i o n a l  n o is e .  W ith  b o th  fa n  and n o is e  g e n e ra to r  

in  o p e r a t io n ,  sound p r e s s u r e  le v e l  a t  a  p o in t  a p p ro x im a te ly  3 .0  cm 

d i r e c t l y  in  f r o n t  o f  th e  d ip p e r  was m easured  a t  65 d e c ib e ls  r e  .00002 

Newtons p e r  m e te r sq u a red  u s in g  th e  C s c a le  on a  G enera l Radio Corpo­

r a t i o n  ty p e  1551 B sound l e v e l  m e te r .

Each cham ber was housed  w ith in  a  G rason S ta d l e r  m odel 1101 r e s e a r c h  

c h e s t  w hich p ro v id e d  r e l a t i v e  i s o l a t i o n  from e x tra n e o u s  v i s u a l  and 

a u d i to ry  s t im u la t io n .



The th r e e  r e s e a r c h  c h e s ts  w ere s ta c k e d ,  each  on a  s e p a r a te  wooden 

s h e l f ,  one above th e  o th e r  in  a sm a ll e x p e rim e n ta l c u b ic le .  Each s h e l f  

was b ra c k e te d  s e p a r a t e ly  to  th e  w a ll  o f  th e  c u b ic le  in  o rd e r  to  m in i­

mize t h e  sp read  o f  v ib r a to r y  s t im u la t io n  from  one c h e s t  to  a n o th e r .

The d o o r to  th e  e x p e r im e n ta l c u b ic le  was k e p t c lo se d  a t  a l l  t im e s , ex ­

cep t when t r a n s p o r t in g  a n im a ls .

Program m ing and c o n t r o l  a p p a ra tu s  w ere housed in  a h a llw a y  a d ja c e n t  

to  th e  e x p e r im e n ta l c u b ic le .  A h o le  c h is e le d  in  th e  w a ll  s e p a r a t in g  

th e  c u b ic le  from  th e  h a l l  p e rm itte d  th e  p assag e  o f  c o n n e c tin g  c a b le s .  

This h o le  was s tu f f e d  w ith  p ie c e s  o f  sponge ru b b er to  a id  i n  a c o u s t ic  

s e p a r a t io n .

The program m ing and c o n t ro l  a p p a ra tu s  c o n s is te d  o f  c o n v e n tio n a l 

e le c tro m e c h a n ic a l  r e la y s  and t im e rs .  S tep p in g  s w itc h e s  (tw o bank 33 

p o s i t i o n )  were u sed  to  program  th e  a l t e r n a t i o n  o f  re in fo rc e m e n t and 

e x t in c t i o n  p e r io d s  on th e  Mix FR DRO s c h e d u le .  R esponses w ere  re c o rd e d  

on G erbrands m odel C-3 cu m u la tiv e  r e c o rd e r s  and on S c i e n t i f i c  P ro to ty p e  

model 4084J s e r i a l  p r i n t i n g  c o u n te rs  ( S c i e n t i f i c  P ro to ty p e ,  New Y ork ,

N. Y .) .  The p r i n t i n g  c o u n te rs  w ere a l s o  u sed  to  re c o rd  th e  la te n c y  o f  

th e  f i r s t  re sp o n se  in  each  re in fo rc e m e n t p e r io d  b e in g  d r iv e n  by S c ie n ­

t i f i c  P ro to ty p e  model SS 4048J synchronous c lo ck s  a t  10 p u ls e s  p e r  

second .

D ata  were a d d i t i o n a l l y  reco rd ed  on G rason S ta d le r  model E3700 

d i g i t a l  c o u n te r s .

A c t iv i ty  m easu res  w ere o b ta in e d  u s in g  th r e e  t i l t  boxes d e s ig n e d  to  

conform  a p p ro x im a te ly  to  s p e c i f i c a t io n s  d e s c r ib e d  i n  Cam pbell and 

Lynch (1 9 6 9 ) . They w ere c o n s tru c te d  o f  w ire  mesh c ag e s  a p p ro x im a te ly

36.8 cm lo n g  by 1 7 .8  cm h ig h  and 1 7 .8  cm w ide and co v ered  by hard w are



c lo th .  Each box was mounted on a  c e n t r a l  a x le  0 .8  cm in  d ia m e te r  and 

a rra n g e d  so t h a t  movement o f a r a t  from  one s id e  to  th e  o th e r  would 

o p e ra te  a  m ic ro sw itch  mounted a t  one end o f  th e  box . The maximum pos­

s i b l e  e x c u rs io n  from  th e  h o r iz o n ta l  a t  e i t h e r  end o f  th e  box was 

l im i te d  to  0 .3  cm. The m icro sw itch  was mounted on th e  same plywood 

b a se  a s  th e  c e n t r a l  a x le ,  such th a t  th e  arm  o f  th e  m ic ro sw itch  p ro ­

tru d e d  b e n e a th  th e  end o f  th e  cage by ap p ro x im a te ly  1 .3  cm. The cen­

t r a l  a x le  was mounted so  as  to  move f r e e ly  th ro u g h  h o le s  d r i l l e d  in  

two L -shaped  b r a c e s ,  one mounted a t  e i t h e r  s id e  o f  th e  box. The f l o o r  

o f  th e  box  when h o r iz o n ta l  was a p p ro x im a te ly  7 .6  cm above th e  s u r fa c e  

o f  th e  plywood p la tfo rm . A t h i r d  s m a l le r ,  L -shaped  b ra c e  was mounted 

under th e  box a t  th e  end o p p o s ite  th e  m ic ro sw itc h  to  c o n t ro l  th e  down­

w ard e x c u rs io n  o f  th e  box a t  th e  en d . Only one p o le  o f  th e  STDP m icro ­

sw itc h  was co n n ec ted  th ro u g h  a p u ls e  fo rm er to  a c o u n te r ,  such  th a t  

h av in g  once c lo se d  th e  m ic ro sw itc h , a r a t  had  to  c ro s s  to  th e  s id e  op­

p o s i t e  th e  sw itc h  and th e n  r e tu r n  in  o rd e r  to  r e g i s t e r  a n o th e r  c o u n t.

A t e s t  r a t  was p la c e d  in  each box f o r  a p e r io d  o f a p p ro x im a te ly  one 

h a l f  h o u r  d u r in g  w hich tim es  12 a tte m p te d  m anually  to  t i l t  th e  box in  

su ch  a way as to  make th e  m ic ro sw itch  " b o u n c e ."  J2 was n o t a b le  to  p ro ­

duce a  "bounce" when sw itc h  c lo s u re  o c c u rre d  w ith  a  r a t  in  th e  box.

Each t i l t  box was housed in  a Grason S ta d l e r  c h e s t  model E3125A-3 

c o n ta in in g  one 14 v o l t  0 .2  ampere l i g h t  (W estinghouse No. 1815) housed 

d i r e c t l y  o ver th e  c e n te r  o f  each box . These c h e s ts  w ere p la c e d ,  each  

on a s e p a r a te  s h e l f  and one above th e  o th e r  a t  th e  end o f a  sm a ll p a s ­

sageway in  w hich s e v e r a l  ra c k s  o f  r e la y  program m ing equipm ent w ere 

m a in ta in e d . Some o f  t h i s  a p p a ra tu s  was in  o p e r a t io n  d u rin g  th e  p e r io d  

in  w hich a c t i v i t y  m easures w ere ta k e n .  The passagew ay had th r e e  la rg e



w indows, th e  sh a d e s  o f  w hich w ere k e p t drawn a t  a l l  tim e s . In  o rd e r  

to  red u ce  f u r t h e r  th e  amount o f am b ien t l i g h t  in  th e  c h e s t s ,  a  s h e e t  

o f opaque m a te r ia l  was ta p e d  over th e  window o f each  c h e s t .

P re lim in a ry  t r a i n i n g . P r io r  t o  su rg e ry  a l l  an im a ls  underw ent 

t r a i n in g  c o n s i s t in g  o f  two d a i ly  h a l f - h o u r  s e s s io n s  o f  a d a p ta t io n  to  

th e  o p e ra n t cham bers, one day o f m agazine t r a i n in g  and sh a p in g , and 

s ix  d a i ly  s e s s io n s  on FR 1 ( i . e . ,  one b a r  p r e s s  p e r  re in fo rc e m e n t)  o f  

34 re in fo rc e m e n ts  each . D uring th e  second a d a p ta t io n  s e s s io n  each  r a t  

was fe d  a p p ro x im a te ly  100 ml o f th e  sw eetened  condensed m ilk  m ix tu re  in  

o rd e r  to  accustom  i t  to  e a t in g  in  th e  a p p a ra tu s .  M agazine t r a i n i n g  and 

sh ap in g  w ere c a r r i e d  o u t in  a s i n g l e  s e s s io n .

W ater consum ption . M easures o f  w ate r consum ption  w ere ta k e n  f o r  

f iv e  days im m ed ia te ly  p re c e d in g  s u rg e ry  and f o r  e ig h t  days fo llo w in g  

s u rg e ry . P o s t - o p e r a t iv e  m easurem ent o f w a te r  consum ption was d isc o n ­

t in u e d  a f t e r  th e  e ig h th  day in  th e  i n t e r e s t s  o f  th e  r a t ' s  s u r v iv a l  (s e e  

R e s u l t s ,  p . 5 1 ) . To accom plish  t h i s ,  th e  r a t s '  r e g u la r  w a te r  b o t t l e s  

were removed from  t h e i r  cages and r e p la c e d  w ith  c a l i b r a t e d  d r in k in g  

tu b e s . Tubes w ere  f i l l e d  w ith  100 m i l l i l i t e r s  o f w a te r  and p la c e d  on 

th e  cag e s  as  a  p a r t  o f th e  norm al an im al c a re  r i t u a l s  each m orning . On 

th e  fo llo w in g  m orning th e  tu b es  w ere  removed and th e  amount o f  w a te r  

rem a in in g  in  ea c h  tube was re c o rd e d . The tu b e  was th e n  r i n s e d ,  r e f i l l e d  

and re p la c e d  on th e  cage f o r  th e  n e x t  2 4 -h o u r p e r io d .  No a t te m p t was 

made to  e s t im a te  s p i l l a g e .

S u rg e ry . C lean  s te r e o t a x ic  te c h n iq u e s  w ere  em ployed u s in g  a sm a ll 

an im al s t e r e o t a x i c  fram e (David K o p f, I n c . ,  T u junga , C a l i f . ) .  R ats w ere 

f i r s t  in j e c te d  w ith  T a ra c ta n  (Hoffman-LaRoche b ran d  c h lo rp ro th ix e n e )

12 .5  mg p e r  kg . o f  body w eigh t and th e n  a n e s th e t iz e d  w ith  sodium  p e n to ­



b a r b i t a l  (50 mg p e r  k g . o f  body w e ig h t) .  A ll i n j e c t i o n s  w ere i n t r a p e r -  

i t o n e a l .  T a ra c ta n  was used to  p o t e n t i a t e  th e  e f f e c t s  o f  th e  Nembutal 

and m inim ize r e s p i r a t o r y  c o n g e s tio n  (Rye and E ld e r ,  1966 ). D uring  s u r ­

g e ry  e th e r  was a d m in is te re d  by means o f a  nose  cone when n e c e s s a ry .

Animals w ere  m ounted in  th e  s t e r e o t a x i c  fram e w ith  th e  to o th  b a r  

s e t  5 mm above z e ro . A lo n g i tu d in a l  in c i s io n  was made in  th e  s c a lp  and 

th e  derm al, m u sc le , and f a s c ia  t i s s u e  r e f l e c t e d .  A 1 mm d ia m e te r  den­

t a l  b u r r  was used  to  d r i l l  h o le s  a t  th e  a p p r o p r ia te  c r a n i a l  s i t e s .  A 

R ad io n ics  RFG 4 ra d io  freq u en cy  le s io n  maker (D avid K opf, I n c . )  was 

u sed  to  make th e  l e s io n s  w ith  a  R ad io n ics  th e rm is to r  p robe  e le c t r o d e  

w hich  p e rm it te d  th e  m o n ito r in g  o f  te m p e ra tu re  a t  th e  e l e c t r o d e  t i p .  The 

s t a i n l e s s  s t e e l  e l e c t r o d e  was 0 .7  mm in  d ia m e te r  and was in s u la te d  w ith  

a  n y lo n  c o a t in g  up to  w i th in  1 .5  mm o f th e  t i p .  S te r e o ta x ic  c o o rd in a te s  

w ere d e te rm in e d  u s in g  th e  P e l le g r in o  and Cushman (1967) a t l a s .  A n te r io r  

c a u d a te  l e s i o n s  w ere d i r e c te d  2 .8  mm a n t e r i o r  to  th e  bregma and 6 .0  mm 

below  th e  c r a n i a l  s u r f a c e .  P o s te r io r  c a u d a te  l e s io n s  w ere d i r e c te d  

1 .0  mm a n t e r i o r  to  th e  bregma and 4 .8  mm below  th e  s u r f a c e  o f  th e  

cran iu m . A l l  l e s io n s  w ere  d i r e c te d  3 .0  mm l a t e r a l  to  e i t h e r  s id e  o f  th e  

bregm a. The e le c t r o d e  was low ered  to  th e  d e s i r e d  c o o rd in a te s  and c u r ­

r e n t  in c re a s e d  g ra d u a l ly  u n t i l  th e  m etered  te m p e ra tu re  showed 60 d e g re e s  

c e n t ig r a d e .  Once t h i s  te m p e ra tu re  was r e f l e c t e d  on th e  m e te r , c u r r e n t  

was co n tin u e d  f o r  ap p ro x im a te ly  one m inu te and th e n  tu rn e d  o f f .  The 

e le c t r o d e  was th e n  w ith d raw n , and th e  s c a lp  c lo se d  and s u tu r e d .  The 

same e l e c t r o d e  was used  f o r  a l l  an im als  and was swabbed w ith  hydrogen 

p e ro x id e  be tw een  o p e r a t io n s .  Each an im al was in j e c t e d  in t r a m u s c u la r ly  

w ith  150,000 u n i t s  o f  b i c i l l i n  (b en za th en e  p e n i c i l l i n  G) to  p re v e n t 

i n f e c t io n .



36.

P o s t - o p e r a t iv e  a c q u i s i t i o n  o f re sp o n d in g  under Mix FR DRO s c h e d u le s . 

F o llo w in g  re c o v e ry  from s u rg e ry  and r e t u r n  to  th e  newly c a l c u la te d  80% 

w eig h t l e v e l s ,  each  an im al re c e iv e d  15 d a i ly  s e s s io n s  on FR 1 o f  34 

d ip p e r  p r e s e n ta t io n s  each fo llo w ed  by 30 s e s s io n s  on th e  Mix FR 1 DRO 

s c h e d u le . F o llow ing  th e  30 s e s s io n s  on th e  mixed sc h e d u le  eac h  r a t  was 

r e tu rn e d  to  FR 1 and b ro u g h t g ra d u a lly  to  FR 4 , th e  nex t a p p r o p r ia te  FR 

l e v e l .  T h is  p ro c e d u re  was re p e a te d  fo r  each  l e v e l  o f  th e  FR re q u ire m e n t 

(FR 1 , 4 , 8, and 16) such th a t  an im als r e c e iv e d  15 s e s s io n s  a t  each FR 

w ith o u t i n t r u s io n s  o f DRO p e r io d s  fo llo w e d  by 30 s e s s io n s  o f  Mix FR 

DRO. F o llow ing  th e  30 s e s s io n s  on Mix FR 16 DRO, an im als  w ere  r e ­

tu rn e d  to  FR 1 and run  a second  tim e a t  t h a t  l e v e l ,  i . e . ,  15 s e s s io n s  

o f  FR 1 fo llo w ed  by 30 o f Mix FR 1 DRO.

The Mix FR DRO sc h e d u le  c o n s is te d  o f  66 p e r io d s ,  33 each  o f  FR r e ­

in fo rc e m e n t and DRO a l t e r n a t e d  ac c o rd in g  to  a G ellerm an  (1933) s e r i e s  

m o d ifie d  to  conform  to  th e  c h a r a c t e r i s t i c s  o f  th e  s te p p in g  s w itc h  (s e e  

A ppendix I ,  T ab le  A fo r  s e q u e n c e ). In  a d d i t io n  to  th e  33 d ip p e r  p re ­

s e n ta t io n s  d e l iv e r e d  on th e  FR, each s e s s io n  began  w ith  th e  f i r s t  r e ­

sponse  p ro d u c in g  a  d ip p e r  p r e s e n ta t io n .

D uring  t e s t i n g  a t  th e  FR 8 and FR 16 l e v e ls  some r a t s  e x h ib i te d  

r e l a t i v e l y  long  in te r r e s p o n s e  tim e s . I n  o rd e r  to  m a in ta in  th e  d a i ly  

ru n n in g  sc h e d u le  i t  was n e c e s s a ry  to  m odify  th e  s e s s io n  le n g th  c r i t e r i a  

such t h a t  a s e s s io n  could  b e  te rm in a te d  w henever a  r a t  com ple ted  a t  

l e a s t  16 DRO p e r io d s  and two hours had e la p s e d .

The DRO co n tin g en cy  was such th a t  th e  f i r s t  re sp o n s e  in  each  DRO 

p e r io d  i n i t i a t e d  a  30 second  tim er w hich re c y c le d  w ith  each  su b se q u en t 

b a r  p r e s s  u n le s s  p e rm iteed  to  tim e o u t and end th e  DRO p e r io d .  Once in  

a DRO p e r io d ,  th e r e f o r e ,  an  anim al had to  respond  a t  l e a s t  o nce  and th an



p au se  fo r  a t  l e a s t  30 seconds to  te rm in a te  th e  DRO.

The end o f  each  DRO p e r io d  was fo llo w e d  by a th re e -s e c o n d  tim e o u t 

d u r in g  w hich th e  house l i g h t  w as e x t in g u is h e d  and a  DRO th re e -s e c o n d  

c o n tin g en cy  was in  e f f e c t .  The th re e - s e c o n d  DRO d u r in g  th e  tim e o u t 

was em ployed to  m inim ize f u r t h e r  th e  p r o b a b i l i t y  t h a t  re sp o n d in g  d u r in g  

n o n re in fo rc e d  segm ents o f  th e  sc h e d u le  w ould  be a d v e n t i t i o u s ly  r e in ­

f o r c e d .  F ig u re  1 shows an e v e n t m arker d iag ram  o f th e  Mix FR DRO 30 

second  s c h e d u le .

A c t iv i ty  m easurem ent. F o llo w in g  co m p le tio n  o f  t e s t i n g  on Mix FR 

DRO s c h e d u le s ,  a l l  r a t s  were a s s ig n e d  to  t i l t  boxes such t h a t  an ap­

p ro x im a te ly  e q u a l  number o f r a t s  from e a c h  group was run in  each  box , 

and o n ly  one r a t  from a  group w as run a t  a  tim e . T h is  a ss ig n m en t was 

o n ly  p a r t i a l l y  acco m p lish ed , s in c e  by th e  tim e a c t i v i t y  m easures w ere 

ta k e n  th e  s i z e s  o f th e  groups w ere  u n e q u a l. R ats w ere  run  i n  th e  t i l t  

boxes fo r  s i x  c o n s e c u t iv e  d ay s , w ith  th e  f i r s t  day c o n s id e re d  a "warm 

up" p e r io d .  Each "day" c o n s is te d  o f a p p ro x im a te ly  12 hou rs w ith  th e  

box l i g h t  on and 12 h o u rs  w ith  th e  l i g h t  o f f .  The day began a t  abou t 

noon w ith  th e  b e g in n in g  o f  a l i g h t  p e r io d .  Rats w ere  p la c e d  in  th e  

boxes a t  th e  b e g in n in g  o f  th e  l i g h t  p e r io d ,  a t  w hich  tim e th e y  were 

g iv e n  one to  fo u r  lab  chow p e l l e t s  a c c o rd in g  to  w e ig h t and two h o u rs ' 

a c c e s s  to  a w a te r  b o t t l e  a t ta c h e d  to  th e  cag e  d i r e c t l y  o ver th e  c e n t r a l  

a x is  so  as n o t  to  b ia s  th e  t i l t .  D uring a  24-hour l i g h t - d a r k  c y c le  th e  

an im a ls  w ere d is tu rb e d  o n ly  tw ic e :  once a t  th e  b e g in n in g  o f  th e  l i g h t

c y c le  f o r  w e ig h in g  and fe e d in g ,  and two h o u rs  l a t e r  when th e  w a te r  

b o t t l e s  w ere removed. A c t iv i ty  was m easured  in  te rm s o f th e  number o f  

cage t i l t s  ( i . e . ,  s w itc h  c lo s u r e s )  p e r  h o u r .



FIG. 1 . D iagram  of th e  Mixed F ixed  R a tio  DRO sc h e d u le  w ith  r a t i o  

re q u ire m e n t s e t  a t  fo u r r e s p o n s e s .  In  a l l  c a se s  an  upward e x c u rs io n  o f  

th e  e v e n t m arker in d i c a te s  an  "on" c o n d i t io n .  F or exam ple, fo llo w in g  

th e  em iss io n  o f th e  f i r s t  f o u r  re sp o n se s  (to p  l i n e ) ,  re in fo rc e m e n t (3 

s e c o n d s 'a c c e s s  to  l iq u id  d ip p e r )  i s  d e l iv e r e d ,  d ip p e r  l i g h t  i s  on f o r  

th r e e  se c o n d s , and house l i g h t  i s  o f f  f o r  th re e  seco n d s . F o llo w in g  th e  

second  d e l iv e r y  o f  re in fo rc e m e n t e x t in c t io n  i s  in  e f f e c t  ( t h i r d  l i n e  

from  b o tto m ). The f i r s t  re sp o n se  in  e x t in c t io n  i n i t i a t e s  th e  DRO tim e r  

(second  l i n e  from  th e  b o tto m ) , w hich r e s e t s  w ith  each  o f th e  s i x  r e ­

sp o n ses  shown and does n o t tim e  o u t u n t i l  30 seco n d s  o f no re sp o n d in g  

have e la p s e d .  When th e  DRO 30 second co n tin g en cy  i s  s a t i s f i e d ,  th e  

th r e e  second  tim e o u t c o n d i t io n  i s  i n i t i a t e d  (b o tto m  l i n e )  d u r in g  w hich  

th e  house  l i g h t  i s  aga in  o f f - f in d  a DRO 3 second i s  in  e f f e c t .
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H is to lo g y . F o llow ing  co m p le tio n  o f  th e  e x p e r im e n t, th e  le s io n e d  

r a t s  w ere  d eep ly  a n e s th e t iz e d  (75 mg. sodium p e n to b a r b i to l  p e r  k g . body 

w e ig h t)  and th e n  p e rfu se d  th ro u g h  th e  h e a r t  w ith  50 cc s a l i n e  s o lu t io n  

fo llo w ed  by 50 cc 10% fo rm a lin .  R a ts  were th e n  d e c a p i ta te d  and th e  

heads p la c e d  in  10% fo rm a lin  f o r  a minimum o f  two w eeks. The heads 

w ere th e n  mounted in  th e  s t e r e o t a x i c  fram e f o r  th e  p u rp o se  o f b lo c k in g  

th e  b r a in  t i s s u e  in  a p la n e  ap p ro x im a te ly  p a r a l l e l  to  th e  e l e c t r o d e  

t r a c k .  T h is  was accom plished  by m ounting a  s c a lp e l  b la d e  in  th e  e l e c ­

tro d e  c a r r i e r  and draw ing i t  in  a c o ro n a l c u t  by means o f  th e  m ic ro ­

m a n ip u la to r .  A f te r  b lo c k in g , th e  b r a in s  w ere removed and s to re d  in  10% 

fo rm a lin  f o r  s e v e r a l  m onths, a f t e r  w hich th e  b lo c k s  w ere d e h y d ra te d  in  

a lc o h o l  and embedded in  c e l l o i d i n  f o r  s e c t io n in g .  S e c t io n s  50 m ic ra  

th ic k  w ere taken  w ith  a m icrotom e and ev ery  o th e r  s e c t io n  was s ta in e d  

w ith  th io n in  and m ounted. The s ta in e d  s e c t io n s  w ere th e n  p ro je c te d  

o n to  re p ro d u c t io n s  o f  p l a t e s  from  th e  P e l l e g r in o  and Cushman (1967) 

a t l a s  and th e  l e s io n  o u t l in e s  s k e tc h e d . E s tim a te s  o f  th e  amount o f  

ca u d a te  t i s s u e  rem a in in g  w ere made by s e l e c t i n g  f iv e  r e p r e s e n t a t i v e  

sk e tc h e s  th ro u g h o u t th e  a n t e r o - p o s t e r io r  e x t e n t  o f  th e  l e s i o n s ,  p la c in g  

g raph  p a p e r  ( e ig h t  sq u a re s  to  th e  in c h )  o v e r them  and c o u n tin g  th e  num­

b e r  o f  sq u a re s  c o n ta in e d  w ith in  th e  o u t l in e s  o f  th e  i n t a c t  c a u d a te  

n u c le u s .  Damage to  n e ig h b o rin g  s t r u c t u r e s  was n o te d , b u t  no a t te m p t 

was made to  e s t im a te  th e  amount o f  damage to  th e s e  s t r u c t u r e s .

R e s u lts

H is to lo g y . F ig u re s  2 and 3 show com posite  r e c o n s t r u c t io n s  o f  cau ­

d a te  l e s i o n s  fo r  an im als  i n  th e  a n t e r i o r  and p o s t e r i o r  g roups r e s p e c ­

t i v e l y .  F ig u re s  4 and 5 show p h o to g rap h s o f  r e p r e s e n t a t i v e  s e c t io n s  

from  each  le s io n .  E s tim a te s  o f  p e rc e n t o f c a u d a te  t i s s u e  d e s tro y e d  in



FIG. 2 . C om posite r e c o n s t r u c t io n s  o f  le s io n s  in  th e  A n te r io r  Cau­

d a te  group  (N = 4) in  E xperim ent One drawn on p l a t e s  from th e  P e l l e g r in o  

and Cushman (1967) a t l a s .  The shaded  a r e a s  r e p r e s e n t  in d iv id u a l  l e ­

s io n s .  The b la ck en ed  a re a s  r e p r e s e n t  th e  o v e r la p p in g  o f two o r  more 

l e s i o n s .  The number to  th e  u p p er l e f t  o f  each draw ing in d i c a te s  m il­

l im e te r s  a n t e r io r  to  bregm a.
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FIG. 3 . Com posite r e c o n s tr u c t io n s  o f  le s io n s  i n  th e  P o s te r io r  Cau­

d a te  g roup  (N = 5) in  E xperim ent One. D raw ings w ere  made on p la t e s  

from th e  P e l le g r in o  and Cushman (1967) a t l a s .  The shaded a r e a s  r e p r e ­

s e n t  in d iv id u a l  l e s i o n s .  The b lackened  a r e a s  r e p r e s e n t  th e  o v e r la p p in g  

o f  two o r  more l e s i o n s .  The number to  t h e  upper l e f t  o f each  draw ing 

in d i c a te s  m i l l im e te r s  a n t e r io r  to  bregm a.
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FIG. 4. P ho to g rap h s o f  r e p r e s e n ta t iv e  s e c t io n s  o f  le x io n s  i n  th e  

a n t e r i o r  ca u d a te  group (E xperim ent I ) .
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FIG. 5. P ho tog raphs o f  r e p r e s e n ta t iv e  s e c t io n s  th ro u g h  th e  le s io n s  

o f  an im als  in  th e  p o s t e r i o r  c a u d a te  group (E xperim ent I ) .
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th e  a re a  o f  th e  l e s io n s  a t  f iv e  r e p r e s e n ta t iv e  s e c t io n s  from  each a n i ­

mal and p la n e  o f  f u r t h e s t  a n t e r i o r  and p o s t e r i o r  e x te n t  o f  le s io n s  i n  

each  an im al a re  g iv e n  in  T ab le  B in  A ppendix I .

E xam ination  o f  s e c t io n s  th ro u g h  th e  le s io n e d  a re a s  re v e a le d  d i l a ­

t io n  o f  th e  l a t e r a l  v e n t r i c l e s  in  a l l  a n im a ls . T h is  d i l a t i o n  p ro b a b ly  

r e p re s e n te d  p o s t - o p e r a t iv e  c o n t r a c t io n  o f  cau d a te  t i s s u e  as  d e s c r ib e d  

by Wolf and D iCara (1 9 6 9 ). E s tim a te s  o f  p e rc e n t t i s s u e  d e s tro y e d  m ust 

be re g a rd e d  w ith  c a u t io n ,  th e r e f o r e ,  and a t  b e s t  p ro v id e  a b a s i s  f o r  

ran k  o rd e r in g .

The le s io n s  in  th e  p o s t e r i o r  group w ere  more d o r s a l ly  p la c e d  th a n  

in te n d e d  and damage to  th e  co rp u s c a llo su m  was se e n  in  a l l  c a s e s .  In  

th e  c a se s  o f  r a t s  402P, 410P, and 415P th e  le s io n s  may have damaged th e  

p ia  m a te r l i n in g  th e  l a t e r a l  v e n t r i c l e s .

In  th e  a n t e r io r  group th e  le s io n s  o f  r a t s  414A and 395A ex ten d ed  

a n t e r o l a t e r a l l y  in to  th e  a d ja c e n t  p i r i f o r m  c o r te x  and c la u s tru m . In  

r a t s  414A and 416A th e  l e s io n s  invaded  to  a v e ry  sm a ll e x te n t  th e  nu ­

c le u s  accumbens and g lo b u s p a l l i d u s .

T here was an o v e r la p  i n  th e  p o s t e r i o r  e x te n t  o f  a n t e r io r  le s io n s  

w ith  th e  a n t e r io r  e x te n t  o f  p o s t e r i o r  l e s i o n s  ( s e e  T able B, A ppendix I )  

For exam ple , in  r a t  400P th e  l e f t  le s io n  ex ten d ed  2 .2  m i l l im e te r s ,  an­

t e r i o r  to  bregma w h ile  th e  l e s i o n  in  r a t  414A ex ten d ed  p o s t e r i o r a l l y  to  

0 .8  m i l l im e te r s  a n t e r i o r  to  bregm a. Rat 414A showed th e  g r e a t e s t  a n te ­

r i o r - p o s t e r i o r  e x te n t  (2 .6  m i l l im e te r s  on e i t h e r  s id e )  o f  e i t h e r  group 

The m edian a n t e r i o r - p o s t e r i o r  e x te n t  f o r  th e  a n t e r i o r  r a t s  was 2 .0  m il­

l im e te r s  w ith  a ran g e  from  1 .6  to  2 .6  m i l l im e te r s .  That f o r  th e  p o s te ­

r i o r  group was 1 .7  m i l l im e te r s  w ith  a ra n g e  o f 0 .4  to  2 .0  m i l l im e te r s .



The l e s i o n s  in  b o th  groups were a p p ro x im a te ly  e q u iv a le n t  in  s i z e  

b i l a t e r a l l y  w ith in  s u b je c t s  with- th e  e x c e p tio n  o f  r a t s  395A and 400P.

In  th e  c a s e  o f th e s e  two an im a ls  th e  ap p ea ran ce  o f  g r e a t e r  v e n t r i c u l a r  

d i l a t i o n  on one s id e  su g g e s te d  a l a r g e r  l e s i o n  on th a t  s i d e .  The 

amount o f  v e n t r i c u l a r  d i l a t i o n  may, how ever, have been in f lu e n c e d  by 

p ro x im ity  o f  th e  l e s i o n  to  th e  v e n t r i c l e  as w e l l  as by le s io n  s i z e .

Some l e s io n s  were n o t  b i l a t e r a l l y  e q u iv a le n t  w ith  r e s p e c t  to  a n t e r i o r -  

p o s te r io r  p lacem en t (s e e  T ab le  B, Appendix I ) .  For exam ple , th e  r i g h t  

l e s io n  o f  r a t  414A was p la c e d  0 .4  mm more a n t e r i o r  th an  th e  l e f t  l e ­

s io n .  In  r a t  400P th e  l e f t  le s io n  ex tended  to  2 .2  a n t e r i o r  to  bregm a 

w h ile  th e  r i g h t  l e s i o n  ex tended  o n ly  to  1 .6  a n t e r i o r  to  bregm a.

The l e s i o n s  p roduced  in  th e  p re s e n t  ex p erim en t w ere sm a ll when com­

p ared  w ith  r e c o n s t r u c t io n s  and p h o tog raphs o f  le s io n s  i n  o th e r  s t u d i e s .  

Based on in s p e c t io n ,  th e  p r e s e n t  le s io n s  w ere a p p ro x im a te ly  o n e - h a l f  to  

o n e - th i r d  th e  s iz e  o f  le s io n s  re p o r te d  by W h i t t i e r  and O rr (19 6 2 ), 

Chorover an d  Gross (1 9 6 3 ), G ro ss , e t  a l .  (1 9 6 5 ) , Unger (1 9 6 6 ), Schm altz

and I s a a c s o n  (1 9 6 8 ), H ansing , et^ a l . (1 9 6 8 ), and P o te g a l (1 9 6 9 ). The

l a r g e s t  l e s i o n s  in  th e  p re s e n t  s tu d y  ( e . g . ,  r a t  395A) a r e  a p p ro x im a te ly  

th e  s iz e  o f  th e  s m a l le s t  le s io n s  re p o r te d  by G ro ss , e£  a l . (19 6 5 ).

Only one o th e r  s tu d y ,  N e i l l  and Grossman (1 9 7 0 ) , r e p o r te d  le s io n s  a s

sm a ll as th o s e  o f th e  p re s e n t  s tu d y .



W ater consum ption . F ig u re  6 shows means and ra n g e s  o f w a te r  con­

sumed in  m i l l i l i t e r s  p e r  k ilo g ra m  o f body w eig h t o v e r f iv e  day  p e r io d s  

b o th  b e fo re  and a f t e r  s u rg e ry .  M i l l i l i t e r s  p e r k ilo g ra m  consumed by 

in d iv id u a l  an im als o v e r f iv e  p r e - o p e r a t iv e  and e ig h t  p o s t - o p e r a t iv e  

days a re  shown in  F ig u re  A in  A ppendix I .  I t  can be seen  t h a t  w a te r 

consum ption  d ec reased  p o s t - o p e r a t iv e ly  f o r  a l l  g ro u p s . A s e r i e s  o f 

a p r i o r i  t  t e s t s  re v e a le d  th a t  th e  d e c re a s e s  fo r  th e  a n t e r i o r  ( t  = 4 .4 2 , 

d . f .  = 3, p {  .0 5 , two t a i l )  and p o s t e r i o r  ( t  = 6 .9 5 , d . f .  = 4 , p { . 0 5 ,  

two t a i l )  g roups were s i g n i f i c a n t  w h ile  t h a t  fo r  th e  norm al r a t s  ( t  =

1 .2 7 , d . f .  = 4 , p ^  .2 0 , two t a i l )  was n o t .  An a n a ly s i s  o f v a r ia n c e  

showed th e  lo c a t io n  o f  l e s io n  f a c t o r  to  be n o t s i g n i f i c a n t  (F = 0 .7 2 , 

d . f .  = 2 /1 1 , p >  .5 0 ) .

Some n o n - q u a n t i ta t iv e  o b s e rv a tio n s  o f  p o s t - o p e r a t iv e  d r in k in g  b e­

h a v io r  w ere w orth  n o t in g .  Two o f  th e  a n t e r i o r  r a t s ,  395A and 414A, had 

d i f f i c u l t y  d r in k in g  from  th e  c a l i b r a t e d  tu b e s  w hich were u sed  to  m easure 

w a te r  consum ption . In  th e  ca se  o f  395A i t  was o b serv ed  t h a t  upon r e ­

f i l l i n g  and re p la c in g  th e  tube  in  th e  r a t ' s  home cage  th e  a n im a l ap ­

p roached  th e  tu b e , b u t a t te m p te d  to  l i c k  b e n e a th  r a t h e r  th a n  a t  th e  

a p e r tu r e  th ro u g h  w hich w a te r  was a v a i l a b l e .  Rat 395A n o rm a lly  made two 

o r  th r e e  such  a ttem p ts  b e fo re  w ith d raw in g  from  th e  tu b e . 395A a c c e p te d  

w a te r  when p la c e d  d i r e c t l y  in to  i t s  mouth w ith  an eye d ro p p e r ,  how ever,

By th e  end o f  th e  s ix th  p o s t - o p e r a t iv e  day 395A's w a te r  i n t a k e  was o n ly  

1 9 .2  m l/k g , and i t  was p la c e d  b ack  on i t s  r e g u la r  w a te r  b o t t l e  from which 

i t  ap p ea red  to  d r in k  w ith o u t d i f f i c u l t y .  The r a t  was t h e r e a f t e r  p e r­

m it te d  to  c o n tin u e  d r in k in g  from  i t s  r e g u la r  b o t t l e  and no f u r th e r  

m easures w ere taken  o f  t h i s  an im a l.
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FIG. 6 . Means and ra n g e s  o f amount o f w a te r  consumed in  m i l l i l i t e r s  

p e r  k ilo g ra m  o f body w e ig h t f o r  each  group o v er f iv e  days im m ed ia te ly  

p re c e d in g  s u rg e ry  and f iv e  days im m ed ia te ly  fo llo w in g  s u rg e ry ,  b u t n o t 

in c lu d in g  th e  day o f  s u rg e ry .  In  each  c a se  th e  ra n g e  i s  o f  th e  f i v e -  

day means o f  each  an im al i n  th e  g roup .
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A f te r  th e  e ig h th  p o s t - o p e r a t iv e  day , r a t  414A was a l s o  p e rm i t te d  to  

d r in k  from  i t s  r e g u la r  b o t t l e  and i t  a l s o  appeared  to  b e  a b le  to  d r in k  

more e a s i l y  from  i t  th a n  from th e  c a l ib r a t e d  tu b e . At t h i s  p o in t  a l l  

r a t s  w ere  r e tu r n e d  to  t h e i r  r e g u la r  w a te r  b o t t l e s  in  th e  i n t e r e s t s  o f  

t h e i r  c o n t in u in g  s u r v iv a l .  W hile fo u r  o u t o f  f iv e  o f  th e  p o s t e r i o r  

r a t s  a l s o  showed d e c re a se d  p o s t - o p e r a t iv e  d r in k in g  l e v e l s  d u r in g  th e  

e ig h t  days o f  m easurem ent, none o f  th e s e  fo u r  e x h ib i te d  th e  d i f f i c u l ­

t i e s  w hich had  been  o b se rv ed  w ith  r a t s  395A and 414A.

Body w e ig h t. As th e  p o s t - o p e r a t iv e  d e c re a se s  i n  w a te r  consum ption  

shown by  th e  two o p e ra te d  g roups su g g e s te d  p o s s ib le  m e ta b o lic  changes 

th e  p e r c e n t  ch an g es  be tw een  th e  f i r s t  and second d e te rm in a t io n s  o f  ad 

l ib i tu m  f e e d in g  w e ig h ts  w ere c a lc u la te d  and a re  shown in  T ab le  1. I t  

can be  seen  t h a t  th r e e  o u t o f  fo u r  a n t e r i o r  r a t s  d e c re a se d  in  w e ig h t 

betw een  th e  two d e te rm in a tio n s  w ith  r a t  416A showing th e  g r e a t e s t  de­

c r e a s e :  9 .7  p e r c e n t .  Only one a n t e r i o r  r a t ,  405A, showed an in c r e a s e  

in  w e ig h t .  In  th e  p o s t e r i o r  group two r a t s  showed I n c r e a s e s ,  two 

showed d e c r e a s e s ,  and one an im al d id  n o t change . A ll  r a t s  i n  th e  n o r­

mal group in c re a s e d  in  w e ig h t w ith  r a t s  398N and 412N show ing th e  

g r e a t e s t  i n c r e a s e s ;  1 2 .1  and 9 .7  p e rc e n t r e s p e c t iv e ly .  A n o n -p a ra -  

m e tr ic  K ru sk a l-W a llis  a n a ly s i s  o f  v a r ia n c e  perfo rm ed  on th e  p e rc e n t  

changes was s i g n i f i c a n t  (H = 6 .4 1 ; n = 5 , 5 , 4 ; p ^ .0 4 9 ;  two t a i l ) .

Mann W hitney t e s t s  showed no d i f f e r e n c e  betw een a n t e r i o r  and p o s t e r i o r  

groups (U ■ 15 ; n * 5 , 4 ; p }  .5 4 8 ; two t a i l ) .  When a n t e r i o r  and p o s te ­

r i o r  g roups w ere  combined th e y  w ere found to  d i f f e r  s i g n i f i c a n t l y  from  

th e  n o rm als  (U * 4 ; n -  9 & 5 ; p { . 0 5 ;  two t a i l ) .

A c t i v i t y . F ig u re  7 shows means and ra n g e s  o f  th e  number o f  cage 

t i l t s  p e r  h o u r f o r  each  group in  b o th  l i g h t  and d a rk  c o n d i t io n s  o v e r
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TABLE 1

P e rc e n t Change in  W eight Between F i r s t  and Second Ad L ib itu m  

D e te rm in a tio n s , and F i r s t  Ad L ib itu m  W eight in  Grams

Rat and Group F i r s t  Ad L ib itu m  W eight P e rc e n t Change

A n te r io r :

395A 429 - 1 .9

405A 472 + 3 .6

414A 514 - 4 .1

416A 472 - 9 .7

P o s t e r i o r :

396P 486 0 .0

4 OOP 463 + 0 .4

402P 467 - 0 .9

410P 390 - 1 .0

415P 501 + 1 .6

N orm als:

397N 433 + 3 .0

398N 338 + 1 2 .1

403N 455 + 2 .0

407N 486 + 0 .8

412N 452 + 9 .7



FIG. 7. Means and ran g es  o f  number o f  t i l t s  p e r  h o u r f o r  f iv e  days 

o f a c t i v i t y  o b s e rv a tio n  f o r  each  group in  e x p e r im e n ta l l i g h t  and d a rk  

c o n d i t io n s .  O b se rv a tio n s  w ere made a p p ro x im a te ly  11 months fo llo w in g  

su rg e ry  a f t e r  t e s t i n g  on th e  Mix FR DRO sc h e d u le s  was co m p le ted . In  

each c a s e  th e  ra n g e s  shown a re  th o se  o f  th e  f iv e -d a y  means f o r  eac h  

an im al i n  th e  g ro u p .
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th e  l a s t  f iv e  o f  s i x  days fo llo w in g  th e  c o m p le tio n  o f  a l l  t e s t i n g  on 

th e  Mix FR DRO sc h e d u le s  ( i . e . ,  a b o u t 11 m onths fo llo w in g  s u rg e ry ) .

Number o f  cage t i l t s  p e r  m inu te o v e r  days f o r  each an im al a r e  shown in  

F ig u re  B in  A ppendix  I .  The mean number o f  cage  t i l t s  p e r  h o u r  fo r  th e  

two o p e ra te d  g ro u p s  was no d i f f e r e n t  from t h a t  o f  th e  norm al r a t s  (F = 

0 .4 0 0 ; d . f .  = 2 /9 ;  p ^ O .2 5 ) .  T here was a l s o  no d i f f e r e n c e  in  a c t i v i t y  

betw een th e  l i g h t  and d a rk  p e r io d s  (F = 0 .0 2 ;  d . f .  = 1 /9 ;  p ^  0 .5 0 ) .

A n a ly s is  o f  f i n a l  p erfo rm ance  on Mix FR DRO s c h e d u le s . In  o rd e r  to  

summarize th e  f i n a l  p e rfo rm ance  l e v e l ,  th e  mean t o t a l  number o f  r e ­

sponses p e r  DRO p e r io d ,  mean number o f  runs p e r  DRO p e r io d ,  and mean 

number o f  re sp o n s e s  e m itte d  p e r  i n i t i a l  run  i n  each DRO p e r io d  w ere 

each  averaged  o v e r  th e  l a s t  te n  s e s s io n s  a t  e ach  l e v e l  o f th e  r a t i o  r e ­

q u irem en t fo r  ea c h  an im a l. A run  was d e f in e d  a s  a sequence o f  re sp o n se s  

s e p a ra te d  by in te r r e s p o n s e  tim es  (IR Ts) o f l e s s  th an  th r e e  se c o n d s . The 

group means a r e  shown as fu n c t io n s  o f  th e  r a t i o  in  F ig u re s  8 , 9 ,  and 10. 

In d iv id u a l  means and  s ta n d a rd  d e v ia t io n s  o v e r  th e  l a s t  te n  s e s s io n s  a t  

each  le v e l  o f  th e  r a t i o  a r e  shown in  T ab les C, D, and E in  A ppendix 1:̂  .

To f u r th e r  a n a ly z e  s te a d y  s t a t e  p e rfo rm a n c e , m edian l a t e n c i e s  o f th e  

f i r s t  re sp o n se  i n  re in fo rc e m e n t p e r io d s  fo llo w in g  re in fo rc e m e n t and f o l ­

low ing  DRO p e r io d s  w ere av e rag ed  f o r  each an im a l o v e r th e  l a s t  te n  s e s ­

s io n s  a t  each l e v e l  o f  th e  r a t i o  re q u ire m e n t. These means o f  th e  m edian 

l a t e n c i e s  a re  shown in  T ab le  2. L a te n c ie s  f o r  th e  FR 4 l e v e l  w ere n o t 

a v a i la b l e  as program m ing d id  n o t  p e rm it r e c o rd in g  o f  l a t e n c i e s  w h ile  FR 4 

d a ta  w ere b e in g  c o l l e c t e d .

W ith r e s p e c t  to  th e  le s i o n  v a r i a b l e ,  a n a ly s e s  o f  v a r ia n c e  showed 

no s i g n i f i c a n t  e f f e c t  on mean t o t a l  re sp o n se s  p e r  DRO (F = 1 .3 9 ;  

d . f .  ■ 2 /1 1 ; p )  0 .1 0 ) ,  mean number o f  runs p e r  DRO (F -  1 .7 0 ; d . f .  =
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FIG. 8. Mean t o t a l  re sp o n se s  p e r  DRO p e r io d  as a fu n c tio n  o f  th e  

f ix e d  r a t i o  fo r  each  g roup . Each d a t a  p o in t  r e p r e s e n ts  th e  group mean 

o f  th e  mean number o f  re sp o n s e s  e m it te d  p e r  DRO p e r io d  by each an im al 

o v e r th e  l a s t  te n  s e s s io n s  ( s e s s io n s  21 th ro u g h  30) a t  each  l e v e l  o f 

th e  sc h e d u le . The means f o r  th e  seco n d  d e te rm in a tio n  a t  Mix FR 1 DRO 

30 a re  shown s e p a r a t e ly  to  th e  r i g h t .
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FIG. 9 . Mean number o f  runs p e r  DRO p e r io d  as  a fu n c t io n  o f th e  

f ix e d  r a t i o  f o r  each  g ro u p . Each d a ta  p o in t  r e p r e s e n ts  th e  group mean 

o f th e  mean number o f  ru n s  e m itte d  p e r  DRO p e r io d  by each  an im a l over 

th e  l a s t  te n  s e s s io n s  ( s e s s io n s  21 th ro u g h  30) a t  each  le v e l  o f  th e  

s c h e d u le . The means f o r  th e  second d e te rm in a tio n  a t  Mix FR 1 DRO 30 

a re  shown s e p a r a t e ly  to  th e  r i g h t .
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FIG. 10. Mean number o f  re sp o n se s  p e r  i n i t i a l  run  in  DRO as  a 

fu n c t io n  o f  th e  f ix e d  r a t i o  f o r  each  g roup . Each d a ta  p o in t  r e p r e s e n ts  

th e  group  mean o f  th e  mean number o f  re sp o n se s  e m itte d  i n  th e  i n i t i a l  

run in  each  DRO p e r io d  by eac h  an im al o v e r th e  l a s t  te n  s e s s io n s  ( s e s ­

s io n s  21 th rough  30) a t  each  l e v e l  o f  th e  s c h e d u le . The means f o r  th e  

second d e te rm in a tio n  a t  Mix FR 1 DRO 30 a r e  shown s e p a r a t e ly  to  th e  

r i g h t . The s o l id  l i n e  w hich  does n o t co n n ec t d a ta  p o in ts  i s  drawn 

th ro u g h  th e  v a lu e s  o f  th e  FR re q u ire m e n t m easured on th e  o r d in a te  to  

show p a r i t y .
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2 /1 1 ; p )  0 .1 0 ) ,  mean number o f  re sp o n se s  p e r  i n i t i a l  ru n  in  DRO (F = 

0 .1 4 ; d . f .  = 2 /1 1 ; p ^  0 .2 5 0 ) ,  o r  mean o f  m edian l a t e n c i e s  o f  f i r s t  r e ­

sp o n se  in  re in fo rc e m e n t p e r io d s  (F = 0 .2 8 ; d . f .  ** 2 /1 1 ; 0 .2 5 0 ) .

I t  can b e  seen  from  F ig u re s  8 and 10 th a t  f o r  a l l  t h r e e  groups mean 

t o t a l  re sp o n se s  p e r  DRO and mean number o f re sp o n se s  p e r  i n i t i a l  run  in  

each  DRO p e r io d s  w ere in c r e a s in g  fu n c t io n s  o f  r a t i o  s i z e  (F = 7 1 .29 ; 

d . f .  = 3 /3 3 ; p (  0 .0 0 5 ; and F = 5 8 .1 5 ; d . f .  = 3 /3 3 ; p<  0 .0 0 5 ; re s p e c ­

t i v e l y ) .  The number o f  ru n s  e m itte d  p e r  DRO p e r io d  (se e  F ig u re  9) was 

n o t  found to  be s i g n i f i c a n t l y  a f f e c t e d  by changes in  r a t i o  s iz e  (F =

0 .8 5 ; d . f .  = 3 /33 ; p >  0 .2 5 0 ) .

That number o f  runs d id  n o t  in c r e a s e  w ith  in c re a s e s  i n  r a t i o  s i z e  

in d ic a te d  th a t  in c re a s e s  in  th e  t o t a l  number o f  re sp o n se s  e m itte d  p e r  

DRO p e r io d  a s  a fu n c tio n  o f  r a t i o  s i z e  w ere to  be  a c c o u n ted  fo r  in  

term s o f  in c r e a s e s  in  th e  number o f  re sp o n se s  p e r  run  and n o t number 

o f  ru n s  p e r  DRO p e r io d .

I t  can  a ls o  be  seen  from  F ig u re  10 th a t  mean number o f  re sp o n ses  

e m itte d  p e r  i n i t i a l  ru n  in  DRO exceeded  th e  number o f  re sp o n se s  re q u ir e d  

by th e  r a t i o .  In s p e c t io n  o f  T ab le  E in  th e  ap p en d ix , r e v e a ls  two ex­

c e p t io n s  a t  th e  FR 16 l e v e l ,  how ever; r a t  405A had a mean o f  on ly  2 .6  

re sp o n se s  p e r  i n i t i a l  ru n  and r a t  403N a mean o f  o n ly  1 5 .7 .

The d u ra t io n s  o f th e  m edian l a t e n c i e s  o f  th e  f i r s t  re sp o n se  in  r e in ­

fo rcem en t p e r io d s  (se e  T ab le  2) w ere  a ls o  found to  in c r e a s e  w ith  changes 

in  r a t i o  s i z e  (F * 5 .7 7 ; d . f .  = 2 /2 2 ; p { .0 2 5 ) .  F u r th e r  in s p e c t io n  o f 

T ab le  2 r e v e a ls  s e v e r a l  c a se s  ( e . g . ,  r a t s  414A, 402P, and 407N) i n  w hich 

median la te n c y  d id  n o t in c r e a s e  when th e  r a t i o  in c re a s e d .  F u rth e rm o re , 

i f  l i n e a r i t y  i s  assum ed, th e  m edian l a t e n c i e s  i n  some c a s e s  in c re a s e d  

d is p r o p o r t io n a te ly  a t  th e  FR 16 l e v e l  compared to  in c r e a s e s  a t  th e  FR 4



TABLE 2

Median L a ten cy  (S econds) o f  F i r s t  Response in  Each 

R ein fo rcem en t P e r io d  Over th e  L a s t Ten S e ss io n s

Rat FR 1 ( 1 s t )________ FR 1 (2nd)__________ FR 8_______________FR 16
and P ost P o s t P o s t P o st P o s t P o s t P o s t P o s t
Group R e in f. DRO R e in f . DRO R e in f . DRO R e in f . DRO

A n te r io r

395 5 0 4 2 6 1 26 6

405 8 3 3 1 5 2 74 17

414 19 6 6 5 5 2 4 2

416 3 1 - - 8 8 - -

Mean 8 .8 2 .5 4 .3 2 .6 6 .0 3 .0 34 .7 8 .3

P o s te r io r

396 5 1 4 6 7 15 9 20

400 2 1 4 0 4 1 45 1

402 1 1 1 0 4 0 2 0

410 2 1 3 3 5 23 11 43

415 2 1 1 0 1 1 3 2

Mean 2 .4 1 .0 2 .6 1 .8 4 .2 8 .0 14 .0 13 .4

Normal

397 1 0 1 0 1 1 7 3

398 1 1 1 0 2 0 3 2

403 8 0 5 1 8 1 32 12

407 2 1 1 2 2 1 2 18

412 1 1 0 1 2 14 2 15

Mean 2.6 0 .6 1 .6 0 .8 3 .0 3 .4 9 .2 1 0 .0
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o r  FR 8 l e v e l s  ( e . g . ,  r a t s  405A, 400P, and 403N ). From in s p e c t io n  o f 

c u m u la tiv e  re c o rd s  and fu n c t io n s  showing mean number o f  re sp o n se s  p e r  

i n i t i a l  ru n  o ver s e s s io n s  ( s e e  n ex t s e c t io n )  i t  was a p p a re n t t h a t  th o se  

r a t s  w hich showed th e  g r e a t e s t  in c re a s e s  in  m edian la te n c y  a t  th e  FR 16 

l e v e l  a ls o  e m itte d  a  g r e a te r  p ro p o r t io n  o f i n i t i a l  ru n s  c o n ta in in g  few er 

re sp o n se s  th an  th e  FR re q u ire m e n t. I n  th e se  c a se s  i t  was assumed th a t  

th e  in c re a s e d  l a t e n c i e s  w ere i n d i c a t iv e  o f a breakdown in  s c h e d u le  con­

t r o l  ( i . e . ,  r a t i o  s t r a i n )  r a t h e r  th an  a  sim p le  consequence o f in c r e a s e s  

in  r a t i o  s i z e  (F e lto n  and Lyon, 1966).

I t  was a ls o  found th a t  l a t e n c i e s  fo llo w in g  re in fo rc e m e n t w ere lo n g e r 

th a n  th o se  fo llo w in g  DRO p e r io d s  (F = 5 .9 3 ; d . f .  = 1 /1 1 ; p ^ O .0 5 ) .  In ­

s p e c tio n  o f  T able 2 showed t h i s  to  be  t r u e  f o r  th e  a n t e r i o r  group a t  a l l  

le v e l s  o f  th e  r a t i o  and f o r  th e  p o s t e r i o r  and norm al g roups a t  th e  FR 1 

l e v e l  o n ly . None o f  th e  i n t e r a c t i o n s ,  how ever, w ere found to  be 

s i g n i f i c a n t .

P lanned  a p r i o r i  t  t e s t s  w ere used  to  e s t im a te  th e  s ig n i f i c a n c e  o f 

d i f f e r e n c e s  in  group perfo rm an ce  betw een  th e  f i r s t  and second d e te rm in a ­

t io n s  a t  th e  FR 1 l e v e l .  When th e  two t a i l e d  c o n fid e n c e  l e v e l  was c o r­

r e c te d  f o r  th e  number o f  in d e p en d en t com parisons no s i g n i f i c a n t  

d i f f e r e n c e s  w ere found  on any  o f  th e  dependen t v a r i a b le s .

As th e  a n a ly s e s  o f  th e  l a s t  te n  s e s s io n s  a t  each r a t i o  l e v e l  f a i l e d  

to  r e v e a l  any s i g n i f i c a n t  l e s i o n  e f f e c t  i t  was d ec id ed  to  exam ine p e r ­

form ances from  e a r l y  s e s s io n s .  Mean t o t a l  r e s p o n s e s ,  number o f  r u n s ,  

and mean number o f  re sp o n se s  p e r  i n i t i a l  run p e r  DRO p e r io d  w ere each  

averaged  o v e r  th e  f i r s t  f iv e  s e s s io n s  f o r  each  an im al a t  each  l e v e l  o f 

th e  s c h e d u le .  These means a r e  shown i n  T ab les F , G, and H in  A ppendix

I .  A nalyses o f  v a r ia n c e  a g a in  found th e  le s io n  f a c to r  to  be n o t 

s i g n i f i c a n t .



A n a ly s is  o f I n i t i a l  r u n s . S in c e  perfo rm ance  on th e  Mix FR DRO 

sc h e d u le  was presum ed to  in v o lv e  th e  d is c r im in a t io n  o f  number o f  r e ­

sponses a s  a s t im u lu s ,  d i s t r i b u t i o n s  o f  th e  number o f  re sp o n se s  e m itte d  

p e r  i n i t i a l  ru n  in  DRO p e r io d s  o v e r th e  l a s t  te n  s e s s io n s  a t  th e  FR 4 ,

8 , and 16 l e v e l s  w ere an a ly z e d  to  d e te rm in e  w h e th er o r  n o t th e y  could  

be  used to  p ro v id e  d i s c r i m in a b i l i t y  f u n c t io n s .  R e la t iv e  f re q u e n c y  d i s ­

t r i b u t i o n s  o f th e  number o f  re sp o n se s  e m itte d  in  each  i n i t i a l  ru n  a re  

shown in  F ig u re s  1 1 , 12, and 13. W ith th e  e x c e p tio n  o f th o s e  f o r  r a t s  

405A and 414A a t  th e  FR 1 l e v e l ,  th e s e  d i s t r i b u t i o n s  ap p ea red  p o s i ­

t i v e ly  skew ed. D is t r ib u t io n s  became f l a t t e r  as th e  FR re q u ire m e n t was 

in c r e a s e d ,  r e f l e c t i n g  in c re a s e d  v a r i a b i l i t y .

In s p e c t io n  o f  th e  d i s t r i b u t i o n s  a t  th e  FR 4 l e v e l  showed th a t  th e  

a n t e r io r  r a t s  e m itte d  a h ig h e r  p ro p o r t io n  o f  runs c o n ta in in g  o n ly  a 

s in g le  re sp o n se  th a n  d id  e i t h e r  th e  p o s t e r i o r  o r  no rm al a n im a ls . For 

th e  r a t s  in  th e  a n t e r i o r  group th e  p ro p o r t io n  o f ru n s  c o n ta in in g  a 

s in g le  re sp o n se  a t  th e  FR 4 l e v e l  ran g ed  from  3 to  16 p e r c e n t .  The 

p ro p o r t io n  o f  ru n s  c o n ta in in g  a  s in g l e  re sp o n se  f a i l e d  to  ex ceed  3 p e r ­

c e n t f o r  any an im al in  e i t h e r  th e  p o s t e r i o r  o r  no rm al g roup . T h is  d i f ­

f e re n c e  d id  n o t  ap p ea r to  ex te n d  to  s h o r t  ru n s  ( i . e . ,  runs c o n ta in in g  

few er re sp o n se s  th a n  th e  r a t i o  re q u ire m e n t)  g e n e r a l ly ,  and h e ld  on ly  

a t  th e  FR 4 l e v e l .

T hese d i s t r i b u t i o n s  may be re g a rd e d  as  p sy c h o p h y s ic a l f u n c t io n s  in  

w hich c a s e  th e  s ta n d a rd  d e v ia t io n s  ( s e e  T ab le  E, A ppendix I )  may b e  con­

s id e r e d  e s t im a te s  o f  th e  d i f f e r e n c e  th r e s h o ld  f o r  number o f  re sp o n se s  

a s  a s t im u lu s  ( P l a t t  and Senkow ski, 1970 ). In  t h i s  r e g a rd  i t  was no ted  

t h a t  th e  in c r e a s e s  in  s ta n d a rd  d e v ia t io n s  from  FR 8 to  FR 16 w ere 

p r o p o r t io n a te ly  g r e a t e r  th a n  th e  in c r e a s e s  from  FR 4 to  FR 8 . P e rc e n t



FIG, 11. R e la t iv e  fre q u e n c y  (p e rc e n t)  o f  number o f  re sp o n se s  in  

i n i t i a l  runs in  DRO p e r io d s  on Mix FR 4 DRO 30 seco n d s . N um erals on 

th e  a b s c is s a  r e p r e s e n t  upper l i m i t  o f  c l a s s  i n t e r v a l  th e  w id th  o f w hich 

i s  1 /4  o f th e  FR req u ire m e n t (one r e s p o n s e ) . The shaded b a r  r e p r e s e n ts  

th e  i n t e r v a l  c o n ta in in g  th e  m edian.
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FIG. 12. R e la t iv e  freq u en cy  (p e rc e n t )  o f  number o f  re sp o n se s  in  

i n i t i a l  ru n s  in  DRO p e r io d s  on Mix FR 8 DRO 30 s e c o n d s . Numerals on 

th e  a b s c i s s a  r e p r e s e n t  upper l im i t  o f  c l a s s  i n t e r v a l  th e  w id th  o f  w hich 

i s  1 /4  o f  th e  FR req u ire m en t (two r e s p o n s e s ) .  The shaded b a r  r e p r e s e n ts  

th e  i n t e r v a l  c o n ta in in g  th e  m edian.
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FIG. 13. R e la t iv e  freq u en cy  (p e rc e n t)  o f  number o f  re sp o n se s  in  

i n i t i a l  runs in  DRO p e r io d s  on Mix FR 16 DRO 30 se c o n d s . Num erals on

th e  a b s c i s s a  r e p r e s e n t  up p er l i m i t  o f  c la s s  i n t e r v a l s  th e  w id th  o f

which i s  1/4 o f  th e  FR re q u ire m e n t ( fo u r  r e s p o n s e s ) .  The shaded  b a r

r e p r e s e n ts  th e  i n t e r v a l  c o n ta in in g  th e  m edian.
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in c re a s e s  in  s i z e  o f  mean s ta n d a rd  d e v ia t io n  from  FR 4 to  FR 8 and from 

FR 8 to  FR 16 w ere 30 and 50 p e rc e n t r e s p e c t iv e ly  f o r  th e  a n t e r io r  

g ro u p , 60 and 100 p e rc e n t  r e s p e c t iv e ly  f o r  th e  p o s t e r i o r  g ro u p , and 48 

and 148 p e rc e n t  r e s p e c t iv e ly  f o r  th e  norm al a n im a ls . The s ta n d a rd  de­

v ia t i o n s  o b ta in e d  in  th e  p re s e n t  ex p erim en t w ere th u s  n o t l i n e a r l y  

r e l a t e d  to  th e  s i z e  o f  th e  f ix e d  r a t i o ,  and W eber's  Law o r  i t s  l i n e a r  

g e n e r a l iz a t io n  does n o t d e s c r ib e  th e  p r e s e n t  d a ta  ( P l a t t  and Senkow ski, 

19 70 ).

A c q u is i t io n  o f  Mixed F ix e d -R a tio  DRO s c h e d u le s . R e p re s e n ta tiv e  

c u m u la tiv e  re c o rd s  o f  re sp o n d in g  a t  th e  FR 1 le v e l  o f  th e  mixed sch ed ­

u le  a r e  shown f o r  r a t s  414A and 410P in  F ig u re s  14 and 15 r e s p e c t iv e ly .  

A d d it io n a l  re c o rd s  a r e  shown in  F ig u re s  C th ro u g h  Q in  A ppendix I .  I t  

can be  seen  t h a t  e a r ly  s e s s io n s  w ere m arked by DRO p e r io d s  in  w hich r e ­

spon d in g  co n tin u e d  f o r  s e v e r a l  m in u tes  and p roduced  n e g a t iv e ly  a c c e le r ­

a te d  e x t in c t i o n  c u rv e s .  W ith c o n tin u e d  ex p o su re  to  th e  sc h e d u le  

re sp o n d in g  d u r in g  DRO p e r io d s  d im in ish e d  u n t i l ,  d u r in g  th e  f i n a l  te n  

s e s s io n s ,  r e c o rd s  w ere c h a r a c te r iz e d  by th e  em iss io n  o f  a s in g le  r e ­

sp o n se  fo llo w e d  by a pau se  o f  no re sp o n d in g  u n t i l  th e  end o f  th e  DRO 

p e r io d  was s ig n a l l e d .  In s ta n c e s  o f  c o n tin u e d  re sp o n d in g  d u r in g  DRO 

d id  n o t  d is a p p e a r  e n t i r e l y ,  how ever, as  can  b e  se e n  from  th e  p o in ts  

marked "a "  on th e  re c o rd s  ^see F ig u re  1 5 ) . D uring s e s s io n  26 f o r  ex ­

am ple, r a t  410P e m itte d  tw i re sp o n se s  i n  each  o f  s i x  DRO p e r io d s  and 

th r e e  re sp o n se s  in  eac h  o f th r e e  DRO p e r io d s .  The re c o rd  f o r  r a t  410P 

d u r in g  s e s s io n  26 i s  f a i r l y  t y p i c a l  o f  th e  p erfo rm an ce  o f b o th  p o s t e r i o r  

and norm al a n im a ls .

In  th e  c a se  o f  th e  a n t e r io r  an im als  DRO re sp o n d in g  was more o f te n  

c h a r a c te r i z e d  by b u r s t s  of re sp o n se s  w hich  w ere r e l a t i v e l y  c lo s e ly



FIG. 14. P o r t io n s  o f  r e p r e s e n t a t i v e  cu m u la tiv e  re c o rd s  o f r a t  414A 

from  s e s s io n s  1 , 3 , 6 , 16, and 26 o f th e  f i r s t  s te a d y  s t a t e  d e te rm in a tio n  

o f  Mix FR 1 DRO 30 se c o n d s . The re sp o n se  pen r e s e t s  a t  th e  end o f  each  

re in fo rc e m e n t and DRO p e r io d .  H atch  m arks i n d i c a te  re in fo rc e m e n t. The 

e v e n t m arker i s  up d u r in g  re in fo rc e m e n t and down d u rin g  DRO p e r io d s .
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FIG. 15. P o r t io n s  o f  r e p r e s e n ta t iv e  cu m u la tiv e  re c o rd s  o f r a t  410P 

from  s e s s io n s  1 , 3 , 6 , 16 , and 26 o f  th e  f i r s t  s te a d y  s t a t e  d e te rm in a tio n  

a t  Mix FR 1 DRO 30 seco n d s . The re sp o n se  pen r e s e t s  a t  th e  end o f  each 

re in fo rc e m e n t and DRO p e r io d .  H atch  marks i n d i c a te  re in fo rc e m e n t .  The 

ev en t m arker i s  up d u rin g  re in fo rc e m e n t and down d u rin g  DRO p e r io d s .
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spaced  in  tim e. Examples can be  seen  from  th e  p o in t s  marked "b" in  

re c o rd  o f  r a t  414A (se e  F ig u re  1 4 ). T h is  p a t t e r n  o f  re sp o n d in g  was 

a ls o  ty p i c a l  o f  r a t  405A and to  a l e s s e r  e x te n t  o f  r a t s  395A and 416A.

When th e  mixed sc h e d u le  in v o lv ed  r a t i o s  g r e a t e r  th a n  o n e , DRO r e ­

spond ing  d u rin g  e a r l y  s e s s io n s  a t  a g iv en  l e v e l  was a g a in  marked by 

b o u ts  o f  c o n tin u e d  resp o n d in g  and n e g a t iv e ly  a c c e le r a te d  e x t in c t io n  

c u rv e s . Over s e s s io n s  th e s e  n e g a t iv e ly  a c c e le r a te d  c u rv e s  gave way to  

cu rv es  c h a r a c te r iz e d  by ru n s  o f  c lo s e ly  spaced  re sp o n se s  fo llo w ed  by 

p au ses  o f  no re sp o n d in g . In  cases  w here o n ly  one such ru n  was e m itte d  

th e  re c o rd  resem bled  a p la te a u .  In  DRO p e r io d s  i n  w hich a d d i t io n a l  

runs w ere e m itte d  a  s te p w is e  c o n f ig u ra t io n  em erged (se e  p o in ts  marked 

"c"  in  F ig u re  1 6 ) . Com parison o f  DRO re sp o n d in g  (F ig u re  16 , ev en t 

m arker down) w ith  r e in f o r c e d  p e r io d s  (F ig u re  16 , e v e n t m arker up) r e ­

v e a le d  t h a t  i n i t i a l  runs e m itte d  in  DRO p e r io d s  g e n e r a l ly  c o n ta in e d  

more re sp o n se s  th a n  re q u ire d  by th e  r a t i o .  T h is  te n d en cy  to  o v e rsh o o t 

th e  r a t i o  in  DRO p e r io d s  was a ls o  e v id e n t in  th e  mean number o f  

re sp o n se  p e r  i n i t i a l  run  ( s e e  T ab le E, A ppendix I ) .

At th e  h ig h e r  r a t i o s  ( e . g . ,  FR 16) i n i t i a l  ru n s  c o n ta in in g  few er 

re sp o n se s  than  th e  r a t i o  o c c u rre d . The p o in t s  marked "d" in  th e  

re c o rd  o f  r a t  405A a t  FR 16 (se e  F ig u re  17) a r e  t y p i c a l .  In  th e  c a se  

o f  r a t  405A th e s e  s h o r t  ru n s  o ccu rred  in  ab o u t 90% o f DRO p e r io d s  and 

w ith  ap p ro x im a te ly  th e  same freq u en cy  in  r e in f o r c e d  p e r io d s  o f  th e  

s c h e d u le .  Two o th e r  a n im a ls , 410P and 403N re v e a le d  s im i l a r  fre q u e n ­

c ie s  o f  s h o r t  ru n s .

T hese s h o r t  ru n s  su g g e s te d  r a t i o  " s t r a i n , "  i . e . ,  in c r e a s e s  

in  fre q u e n c y  and d u ra t io n  o f  w ith in  run  p a u s in g  a s s o c ia te d  w ith  

in c r e a s e s  in  r a t i o  s i z e  ( F e r s t e r  and S k in n e r , 1957; P o w e ll, 1970).



FIG. 16. P o r t io n s  o f  r e p r e s e n ta t iv e  cu m u la tiv e  re c o rd s  o f  r a t  405A 

from  s e s s io n s  1 , 3, 6 , 16 , and 26 o f  Mix FR 4 DRO 30 seco n d s . The r e ­

sponse  pen r e s e t s  a t  th e  end o f  each  re in fo rc e m e n t and DRO p e r io d .

H atch marks i n d i c a te  re sp o n se s  d u r in g  th e  th r e e  second  tim e o u t fo llo w ­

in g  DRO. The e v e n t m arker i s  up d u rin g  re in fo rc e m e n t and down d u r in g  

DRO p e r io d s .
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FIG. 17. P o r t io n s  o f  r e p r e s e n t a t iv e  cu m u la tiv e  re c o rd s  o f  r a t  405A 

from  s e s s io n s  1 , 3 , 6 , 16, and 26 o f  Mix FR 16 DRO 30 seco n d s . The r e ­

sponse  pen r e s e t s  a t  th e  end o f  each  re in fo rc e m e n t and DRO p e r io d .

H atch marks i n d i c a te  re sp o n se s  d u r in g  th e  th r e e  second tim e o u t fo llo w ­

in g  DRO. The ev e n t m arker i s  up d u r in g  re in fo rc e m e n t and down d u rin g  

DRO p e r io d s .



84.

MX FR 16 DRO 30 RAT 40SA

SESS 1

X . iJL

SESS 3
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When such  p a u s in g  o c c u rre d  d u r in g  DRO p e r io d s  i t  tended  to  p e r tu r b  th e  

ty p i c a l  p la te a u  and s te p w ise  c o n f ig u r a t io n s  d e s c r ib e d  e a r l i e r .  In  

some re c o rd s  ( e . g . ,  F ig u re  17) t h i s  breakdown in  th e  u s u a l  p a t t e r n  o f  

re sp o n d in g  was a l s o  accom panied by in c r e a s e s  in  th e  la te n c y  o f th e  f i r s t  

re sp o n se  in  b o th  DRO and re in fo rc e m e n t p e r io d s .  By way o f  c o n t r a s t ,  

F ig u re  18 shows cu m u la tiv e  r e c o rd s  o f r a t  414A in  which th e  ap p ea ran ce  

o f  s h o r t  ru n s  d id  n o t d i s r u p t  th e  u s u a l p a t t e r n  o f  re sp o n d in g .

A more q u a n t i t a t i v e  d e s c r ip t i o n  o f a c q u i s i t i o n  o f th e  mixed sch ed ­

u le s  was o b ta in e d  by p l o t t i n g  mean t o t a l  re sp o n se  p e r DRO p e r io d ,  mean 

number o f  ru n s  p e r  DRO p e r io d ,  and mean number o f  re sp o n se s  e m itte d  

p e r  i n i t i a l  ru n  in  each  DRO p e r io d  fo r  e v e ry  t h i r d  s e s s io n  a t  each  

l e v e l  o f  th e  r a t i o .  F ig u re s  19 , 20 , and 21 show th e s e  cu rv es  f o r  th e  

f i r s t  d e te rm in a t io n  a t  th e  FR 1 l e v e l  and f o r  th e  FR 16 l e v e l .

I n s p e c t io n  o f  th e s e  f ig u r e s  shows t h a t  re sp o n d in g  a t  th e  FR 1 

l e v e l  p ro v id ed  th e  g r e a t e s t  d e g re e  o f u n ifo rm ity .  Curves showing mean 

t o t a l  re sp o n se s  p e r  DRO f o r  e v e ry  th i r d  s e s s io n  a t  th e  FR 1 l e v e l  

(F ig u re  19) w ere d e c re a s in g  and n e g a t iv e ly  a c c e le r a te d .  Curves show ing 

mean number o f  ru n s  p e r  DRO p e r io d  a t  th e  FR 1 l e v e l  (se e  F ig u re  20) 

w ere a l s o  d e c re a s in g  and n e g a t iv e ly  a c c e le r a te d .  When th e  mean number 

o f  re sp o n se s  p e r  i n i t i a l  ru n  in  DRO p e r io d s  w ere p lo t t e d ,  how ever, th e  

c u rv es  (s e e  F ig u re  21) re v e a le d  r e l a t i v e l y  l i t t l e  in c re a s e  o r d e c re a s e  

o v er s e s s io n s .  A n o ta b le  e x c e p tio n  was r a t  405A.

Curves f o r  th e  FR 16 l e v e l  a r e  shown in  F ig u re s  22, 23 , and 24 .

At h ig h e r  r a t i o s  c u rv e s  show ing mean t o t a l  re s p o n s e s  p e r DRO p e r io d  

(se e  F ig u re  22) and mean number o f  re s p o n se s  p e r  i n i t i a l  run  (se e  

F ig u re  24) r e v e a l  in v e r s io n s  o v e r s e s s io n s .  These p ro b ab ly  r e f l e c t e d  

a  breakdown in  sc h e d u le  c o n t r o l  o v e r  re sp o n d in g . Such breakdow ns w ere



FIG. 18. P o r t io n s  o f  r e p r e s e n ta t iv e  cu m u la tiv e  re c o rd s  o f  r a t  414A 

from s e s s io n s  1 , 3, 6 , 16 , and 26 o f  Mix FR 16 DRO 30 se c o n d s . The 

re sp o n se  pen r e s e t s  a t  th e  end o f  each  re in fo rc e m e n t and DRO p e r io d .  

Hatch marks i n d i c a t e  re sp o n se s  d u r in g  th e  th r e e  second tim e  o u t fo llo w ­

in g  DRO. The e v e n t m arker i s  up d u r in g  re in fo rc e m e n t and down d u r in g  

DRO p e r io d s .
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FIG. 19 . Mean t o t a l  re sp o n se s  p e r  DRO p e r io d  f o r  e v e ry  t h i r d  s e s ­

s io n  f o r  each  an im al a t  th e  f i r s t  d e te rm in a tio n  o f  Mix FR 1 DRO 30 

seco n d s . Each d a ta  p o in t  r e p r e s e n ts  th e  s e s s io n  mean o f th e  t o t a l  

number o f  re sp o n se s  e m itte d  d u rin g  each DRO p e r io d .
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FIG. 20. Mean number o f  rim s p e r  DRO p e r io d  f o r  ev e ry  t h i r d  s e s ­

s io n  fo r  each  an im al a t  th e  f i r s t  d e te rm in a tio n  o f  Mix FR 1 DRO 30 

seco n d s . Each d a ta  p o in t  r e p r e s e n ts  th e  s e s s io n  mean o f  th e  number o f  

ru n s  e m itte d  in  each  DRO p e r io d .
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FIG. 21. Mean number o f  re sp o n se s  in  i n i t i a l  run  in  DRO f o r  ev ery  

t h i r d  s e s s io n  f o r  each  an im al a t  th e  f i r s t  d e te rm in a tio n  o f  Mix FR 1 DRO 

30 se c o n d s . Each d a ta  p o in t  r e p r e s e n ts  th e  s e s s io n  mean o f  th e  number 

o f  re sp o n se s  e m itte d  in  th e  i n i t i a l  run  in  each DRO p e r io d  b e f o r e  th e  

f i r s t  in t e r r e s p o n s e  tim e g r e a te r  th a n  th r e e  seco n d s .
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FIG. 22. Mean t o t a l  re sp o n se s  p e r  DRO p e r io d  f o r  e v e ry  t h i r d  

s e s s io n  fo r  each  an im al on Mix FR 16 DRO 30 seco n d s . Each d a ta  p o in t  

r e p r e s e n ts  th e  s e s s io n  mean o f th e  t o t a l  number o f  re sp o n se s  e m itte d  

in  each  DRO p e r io d .
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FIG. 23. Mean number o f  runs p e r  DRO p e r io d  f o r  e v e ry  t h i r d  s e s s io n  

f o r  each  an im al on Mix FR 16 DRO 30 seco n d s . Each d a ta  p o in t  r e p r e s e n ts  

th e  s e s s io n  mean o f th e  number o f  ru n s  e m itte d  in  eac h  DRO p e r io d .
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FIG. 24. Mean number o f  re sp o n se s  in  i n i t i a l  ru n  i n  DRO f o r  ev ery  

t h i r d  s e s s io n  f o r  each, a n im a l on Mix FR 16 DRO 30 s e c o n d s . Each d a ta  

p o in t  r e p r e s e n ts  th e  s e s s io n  mean o f  th e  number of re sp o n s e s  e m itte d  

in  each DRO p e r io d  b e fo re  th e  f i r s t  in te r r e s p o n s e  t im e  g r e a te r  than 

th r e e  seco n d s .
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f u r th e r  in d ic a te d  by th e  in c re a s e d  in c id e n c e  o f  ru n s  c o n ta in in g  few er 

re sp o n se s  th a n  re q u ir e d  by th e  r a t i o .

Curves show ing th e  mean number o f  ru n s  p e r  DRO p e r io d  o v e r s e s s io n s  

a t  th e  h ig h e r  r a t i o s  (se e  F ig u re  23) re v e a le d  few er p e r tu r b a t io n s .  

G e n e ra lly  th e s e  c u rv e s  a t  each  l e v e l  o f  th e  r a t i o  showed sm a ll d e c re a s e s  

d u r in g  th e  f i r s t  th r e e  to  n in e  s e s s io n s  a f t e r  w hich th e  number o f ru n s  

s t a b i l i z e d .

Taken to g e th e r ,  th e s e  c u rv e s  showed th a t  d e c re a se s  in  t o t a l  number 

o f  re sp o n se s  e m itte d  in  DRO p e r io d s  o v e r s e s s io n s  r e p re s e n te d  d e c re a se s  

in  th e  number o f  ru n s  e m itte d  r a t h e r  th a n  in  th e  number o f  re sp o n se s  

p e r  ru n .

N ote sh o u ld  be made o f  th e  in c r e a s e s  in  th e  number o f  ru n s  p e r DRO 

p e r io d  shown in  th e  c u rv e  f o r  r a t  397N a t  th e  FR 16 l e v e l  ( s e e  F ig u re  

2 3 ) . A s im i la r  in c re a s e  in  number o f  ru n s  was shown by 397N a t  FR 8 

and by 398N a t  FR 4 . In s p e c t io n  o f  th e  cu m u la tiv e  re c o rd s  f o r  th e  

r e le v a n t  s e s s io n s  r e v e a le d  c o n tin u e d  b o u ts  o f  u n u su a lly  s u s ta in e d  r e ­

spond ing  d u r in g  DRO p e r io d s  in  w hich  th e  cu m u la tiv e  re s p o n s e  cu rve  more 

c lo s e ly  resem b led  th e  k in d  o f  s u s ta in e d  re sp o n d in g  seen  d u r in g  i n i t i a l  

e x p o su re s  a t  th e  FR 1 l e v e l  ( e . g . ,  F ig u re  14 , s e s s io n  1) r a t h e r  th an  

th e  more c h a r a c t e r i s t i c  s te p w ise  c o n f ig u r a t io n .  T h is  in d ic a te d  a d i s ­

r u p t io n  o f th e  ty p e  o f  c o n t r o l  o v e r re sp o n d in g  w hich i s  n o rm a lly  

a s s o c ia te d  w i th  FR s c h e d u le s  ( F e r s t e r  and S k in n e r , 1957).

A d d it io n a l  a c q u i s i t i o n  c u rv e s  a r e  shown in  F ig u re s  R th ro u g h  Z in  

A ppendix I .



EXPERIMENT I I

W hile Experim ent I  h ad  b een  d es ig n ed  to  s tu d y  p o s t - o p e r a t iv e  a cq u i­

s i t i o n  and s te a d y  b e h a v io r  m a in ta in e d  a t  s e v e r a l  l e v e l s  o f  th e  Mix FR 

DRO s c h e d u le , th e  p u rp o se  o f  E xperim ent I I  was to  i n v e s t ig a t e  p o s t-o p ­

e r a t i v e  r e te n t io n  fo llo w in g  p r e - o p e r a t iv e  a c q u i s i t i o n  a t  o n ly  one le v e l  

o f  th e  FR re q u ire m e n t. FR 1 was s e le c te d  a s  th e  l e v e l  o f c h o ic e  as i t  

was o n ly  a t  th e  FR 1 l e v e l  i n  E xperim ent I  th a t  any d i f f e r e n c e s  betw een 

le s io n  groups may have e x i s t e d .  F u r th e r ,  i t  was f e l t  th a t  betw een sub­

j e c t  v a r i a b i l i t y  a r i s i n g  from  re sp o n d in g  a t  r a t i o s  g r e a te r  th a n  one 

m ight o b scu re  b e h a v io ra l  d i f f e r e n c e s  a r i s i n g  from th e  le s io n  v a r i a b le .  

Method

S u b je c ts . T h ir te e n  e x p e r im e n ta l ly  n a iv e ,  m ale , Long Evans r a t s  from 

R ockland Farms, I n c . ,  G i l b e r t s v i l l e ,  P e n n sy lv a n ia  w ere used in  th e  ex­

p e r im e n t. These an im als  a r r iv e d  in  th e  v iv a riu m  a t  ap p ro x im a te ly  60 

days o f  age and w ere housed  un d er th e  same c o n d it io n s  d e sc r ib e d  in  Ex­

p e rim en t I .  R ats  w ere a p p ro x im a te ly  220 days o ld  when E xperim ent I I  

b egan . F ive r a t s  w ere a s s ig n e d  to  each  o f  th e  two le s io n  g ro u p s! a n te ­

r i o r  ca u d a te  and p o s t e r i o r  c a u d a te .  Three an im als w ere d e s ig n a te d  as 

n o rm al, u n o p era ted  c o n t r o l s .  Of th e  f iv e  an im als  a s s ig n e d  to  th e  pos­

t e r i o r  g roup , two f a i l e d  to  s u rv iv e  su rg e ry  and one d ie d  from  r e s p i r a ­

to ry  i n f e c t io n  d u rin g  p o s t - o p e r a t iv e  t e s t i n g .  One o f  th e  th r e e  r a t s  

a s s ig n e d  to  th e  u n o p e ra te d  group a l s o  d ie d  o f  r e s p i r a t o r y  i n f e c t io n .

Upon co m p le tio n  o f  t e s t i n g  o f  th e  s u rv iv in g  an im als  i t  was d e c id e d  to  

run  f iv e  a d d i t io n a l  u n o p e ra te d  c o n t ro l s  i n  o rd e r  to  p ro v id e  s u f f i c i e n t  

com parison  w ith  th e  a n t e r i o r  l e s i o n  g roup . These a d d i t io n a l  an im als  

w ere a l s o  o b ta in e d  from R ockland Farm s, I n c .  and a r r iv e d  in  th e  v iv a r ­

ium a t  a p p ro x im a te ly  90 days o f  a g e . These r a t s  began  th e  ex p erim en t



a t  a p p ro x im a te ly  112 days o f  ag e . F eed ing  and d e p r iv a t io n  p ro c e d u re s  

w ere c a r r i e d  o u t as d e s c r ib e d  in  E xperim ent I  w ith  th e  e x c e p tio n  th a t  

ad l i b i tu m  w e ig h ts  w ere d e te rm in ed  o n ly  o n ce .

A p p a ra tu s . The a p p a ra tu s  was th e  same o p e ra n t c o n d i t io n in g  appa­

r a tu s  used  in  E xperim ent I .

P ro c e d u re . R ats w ere ad ap ted  to  th e  e x p e r im e n ta l cham bers, shaped 

and m agazine t r a in e d  in  th e  manner d e s c r ib e d  in  E xperim en t I .  Follow ­

in g  s h a p in g , each  an im al re c e iv e d  s ix  d a i ly  s e s s io n s  o f  FR 1 o f  66 d ip ­

p e r  p r e s e n ta t io n s  p e r  s e s s io n .  F o llow ing th e se  FR 1 s e s s io n s  a l l  an im als  

w ere sw itc h e d  to  Mix FR 1 DRO 30 sc h e d u le  f o r  15 d a i ly  s e s s io n s  o f  34 

re in fo rc e m e n ts  each . The mixed sc h e d u le  was i d e n t i c a l  to  t h a t  d e sc r ib e d  

in  E xperim ent I .

A f te r  c o m p le tio n  o f  th e  15 s e s s io n s  on th e  mixed s c h e d u le ,  th e  r a t s  

w ere p la c e d  b ack  on f r e e  fe e d in g  fo r  one week p r i o r  to  s u rg e ry .  Sub­

j e c t s  w ere  ran k ed  a c c o rd in g  to  th e  mean number o f  re s p o n s e s  e m itte d  p e r  

e x t in c t i o n  p e r io d  o v e r  th e  l a s t  f iv e  s e s s io n s  and a s s ig n e d  to  one o f 

th r e e  groups such  t h a t  th e  mean ranks f o r  each  group w ere a p p ro x im a te ly  

th e  same. The lo s s  o f  s u b je c t s  from th e  o r ig i n a l  13 an im als  n e g a te d  

t h i s  a t te m p t a t  m atch in g .

F o llo w in g  s u rg e ry  a l l  o p e ra te d  an im als  w ere p e rm it te d  one month to  

re c o v e r  b e f o r e  b e in g  re tu rn e d  to  th e  d e p r iv a t io n  reg im en . A f te r  r e tu r n  

to  80% o f  ad l ib i tu m  w e ig h t, a l l  an im als  w ere a g a in  run  f o r  s i x  d a i ly  

s e s s io n s  o f  FR 1 o f 66 re in fo rc e m e n ts  each  fo llo w ed  by 15 d a i ly  s e s s io n s  

on Mix FR 1 DRO 30 seconds o f  34 re in fo rc e m e n ts  e ac h .

The p re  and p o s t - o p e r a t iv e  p ro c e d u ra l p a t t e r n  fo llo w e d  f o r  th e  f iv e  

a d d i t io n a l  norm al an im als  was th e  same as  th a t  f o r  th e  o r i g i n a l  s u b je c t s .  

The p ro c e d u re  was n o t  begun, how ever, u n t i l  th e  o r i g i n a l  an im a ls  had 

com pleted  a l l  t e s t i n g .
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S urgery  and H is to lo g y . S u rg ic a l  and h i s t o l o g i c a l  p ro c e d u re s  w ere 

th e  same as th o s e  d e s c r ib e d  in  E xperim ent I .

R e s u lts

F ig u re s  25 and 26 show com posite  r e c o n s t r u c t io n s  o f  c a u d a te  le s io n s  

in  a n t e r i o r  and p o s te r i o r  r a t s  r e s p e c t iv e l y .  F ig u re s  27 and 28 show 

p h o to g rap h s o f  r e p r e s e n ta t iv e  s e c t io n s  th ro u g h  th e  l e s i o n  o f  each 

a n im a l. E s tim a te d  p e rc e n t  o f  c a u d a te  t i s s u e  d e s tro y e d  in  each  r a t ,  a s  

w e ll  a s  th e  maximal a n t e r i o r  and p o s t e r i o r  e x te n ts  o f  each  le s io n  b i ­

l a t e r a l l y ,  a r e  shown in  T ab le  I  in  A ppendix I I .

A n te r io r  and p o s t e r i o r  le s io n s  w ere somewhat l a r g e r  in  E xperim ent 

I I  th a n  in  E xperim ent I ,  b u t  w ere s t i l l  sm a ll compared w ith  le s io n s  r e ­

p o r te d  in  o th e r  s tu d i e s .  I t  can be se e n  from  F ig u re s  25 th ro u g h  28 

t h a t  some damage to  t i s s u e  a d ja c e n t  to  th e  c a u d a te  was s u s ta in e d .  F or 

exam ple, w ith  th e  e x c e p tio n  o f  r a t  191A a l l  a n t e r i o r  l e s io n s  ex ten d ed  

p o s t e r i o r a l l y  to  in t r u d e  upon th e  g lo b u s  p a l l i d u s .  L es io n s  in  r a t s  

189A, 195A, and 191A p ro d u ced  damage to  th e  n u c le u s  accum bens, and dam­

age to  th e  a n t e r i o r  commisstiEe can  be se e n  in  th e  l e s io n s  o f  r a t s  191A 

and 197A. A d jace n t p i r i f o r m  c o r te x  was damaged in  r a t s  189A, 191A, and 

197A. As in  E xperim ent I ,  p o s t e r i o r  l e s io n s  w ere p la c e d  more d o r s a l l y  

th a n  in te n d e d  and in  b o th  c a s e s  damage to  th e  co rp u s  ca llo su m  and o v e r -  

ly in g  c o r te x  was n o te d .

R e te n tio n  o f  Mix FR 1 DRO 30 S econds. S in c e  o n ly  two o f  th e  r a t s  

in  th e  o r i g i n a l  p o s te r i o r  group su rv iv e d  s u rg e ry ,  th e  s t a t i s t i c a l  a n a l ­

y s i s  t r e a t e d  o n ly  d a ta  from  th e  a n t e r i o r  and norm al a n im a ls . The d a ta  

from  th e  two p o s t e r i o r  r a t s  a r e  shown, how ever.

In  o rd e r  to  compare p e rfo rm an ces  o f  th e  a n t e r i o r  and norm al an im a ls  

d a ta  w ere av e rag ed  f o r  eac h  group o v e r th e  l a s t  f i v e  p r e - o p e r a t iv e ,



FIG. 25. Com posite r e c o n s t r u c t io n s  o f  le s io n s  in  th e  A n te r io r  

C audate group (N = 5) in  E xperim en t Two. D rawings w ere made on p la te s  

from th e  P e l le g r in o  and Cushman (1967) a t l a s .  The shaded a r e a s  r e p r e ­

s e n t  in d iv id u a l  l e s i o n s .  The b la ck en ed  a r e a s  r e p r e s e n t  th e  o v e r la p p in g  

o f  two o r  more l e s i o n s .  The number to  th e  upper l e f t  o f  each  draw ing 

in d i c a te s  m i l l im e te r s  a n t e r io r  to  bregm a.
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FIG. 26. C om posite r e c o n s t r u c t io n s  o f  th e  le s io n s  in  th e  two r a t s  

w ith  l e s io n s  aimed a t  th e  p o s te r i o r  c a u d a te  in  E xperim ent Two. Draw­

in g s  w ere made on p la te s  from  th e  P e l le g r in o  and Cushman (1967) a t l a s .  

The shaded  a r e a s  r e p r e s e n t  in d iv id u a l  l e s i o n s .  The b la ck en ed  a r e a s  

r e p r e s e n t  th e  o v e r la p p in g  o f  l e s i o n s .  The number to  th e  upper l e f t  o f 

each draw ing  in d i c a te s  m i l l im e te r s  a n t e r i o r  to  bregm a.
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FIG. 27. P ho to g rap h s o f r e p r e s e n t a t i v e  s e c t io n s  o f th e  le s io n s  

th e  a n t e r io r  c a u d a te  group (E xperim en t I I ) .
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FIG. 28. P h o to g rap h s  o f  r e p r e s e n ta t iv e  s e c t io n s  o f  th e  le s io n s  

in  th e  p o s t e r i o r  c a u d a te  group (E xperim ent I I ) .
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f i r s t  f i v e  p o s t - o p e r a t iv e ,  and l a s t  f i v e  p o s t - o p e r a t iv e  s e s s io n s .  These 

d a ta  a r e  p re s e n te d  in  F ig u re s  29 th ro u g h  31. Means f o r  in d iv id u a l  r a t s  

a re  g iv e n  in  A ppendix I I  ( s e e  T a b le s  J  th ro u g h  M). A s e r i e s  o f  a  p r i o r i  

t  t e s t s  were u sed  to  d e te rm in e  s ig n i f i c a n c e  o f d i f f e r e n c e  a t  th e  .05  

l e v e l ,  two t a i l e d .

F ig u re  29 shows th e  means and ra n g e s  o f  th e  t o t a l  number o f r e ­

sp o n ses  e m itte d  d u rin g  DRO p e r io d s  f o r  a n t e r i o r ,  p o s t e r i o r ,  and norm al 

a n im a ls . W hile th e  p r e - o p e r a t iv e  mean o f 3 .4  f o r  th e  a n t e r i o r  group 

was l a r g e r  th a n  th a t  o f 2 .3  f o r  th e  norm al group t h i s  d i f f e r e n c e  was 

no t s i g n i f i c a n t  ( t  = 1 .0 2 , d . f .  = 10) and was due to  th e  p erfo rm ance  o f 

a s i n g l e  a n t e r i o r  r a t ,  191A. When th e  perfo rm ance o f r a t  191A i s  ex­

c luded  th e  mean o f  th e  a n t e r i o r  group  became 2 .2  re s p o n s e s  p e r  DRO p e­

r io d .  When p o s t - o p e r a t iv e  means w ere  compared i t  was c l e a r  t h a t  th e r e  

was no lo n g e r  any o v e r la p  betw een th e  two g ro u p s. The mean o f  th e  a n te ­

r i o r  group  in c re a s e d  to  5 .8  re sp o n se s  d u rin g  th e  f i r s t  f i v e  p o s t-o p e ra ­

t iv e  s e s s io n s  com pared to  2 .2  re s p o n s e s  f o r  th e  norm al group ( t  = 5 .6 7 , 

d . f .  = 1 0 ). A lthough  th e  mean o f  th e  a n t e r io r  group d e c re a se d  to  4 .2  

re s p o n s e s  p e r  DRO p e r io d  d u r in g  th e  l a s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s  

th e  mean o f  th e  norm al group d e c re a se d  to  1 .7  such  t h a t  th e  a n t e r i o r  

group mean was s t i l l  s i g n i f i c a n t l y  g r e a t e r  ( t  = 5 .9 8 , d . f .  -  1 0 ) .

The mean number o f  ru n s  e m itte d  p e r  DRO p e r io d  a r e  shown in  F ig u re  

30. I t  can be  seen  t h a t  th e  r e s u l t  was e s s e n t i a l l y  th e  same a s  t h a t  

fo r  t h e  mean t o t a l  number o f  re s p o n s e s  in  DRO. P r e - o p e r a t iv e  means o f  

a n t e r i o r  and norm al g roups d id  n o t  d i f f e r  s i g n i f i c a n t l y  b e fo re  s u rg e ry  

( t  = 0 .8 3 ,  d . f .  * 1 0 ) , b u t p o s t - o p e r a t iv e  means d id  d i f f e r  s i g n i f i c a n t l y ;  

For t h e  a n t e r i o r  group d u r in g  th e  f i r s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s  th e  

mean number o f  ru n s  e m itte d  in c re a s e d  to  4 .1  compared to  1 .7  f o r  th e



FIG. 29. Means and ra n g e s  o f th e  mean t o t a l  number o f re sp o n se s  

e m itte d  d u rin g  DRO p e r io d s  by  an im a ls  in  each  group o v er th e  l a s t  f iv e  

p r e - o p e r a t iv e  ( s e s s io n s  1 1 -1 5 ) ,  f i r s t  f iv e  p o s t - o p e r a t iv e  ( s e s s io n s  1 - 

5 ) ,  and l a s t  f iv e  p o s t - o p e r a t iv e  ( s e s s io n s  11-15) s e s s io n s .  Each mean 

i s  an  av erage  o f  th e  in d iv id u a l  s e s s io n  means fo r  each  an im al o v e r th e  

in d ic a te d  s e s s io n s .  The ran g e  shown i s  t h a t  o f th e  in d iv id u a l  means 

fo r  each  an im al o v er th e  in d ic a te d  s e s s io n s .



ME
AN

 
TO

TA
L 

RE
SP

O
N

SE
S

(M
EA

N 
OF

 
M

EA
N

S)

PREOP.
SESS.11-15

ANTERIOR (N=5) 

POSTERIOR (N =2) 

□  NORMAL (N=7)

PI

POST OP.
S E S S .1 -5

POST OP. 
SESS.11-15



FIG . 30. Means and ranges o f  th e  mean number o f  ru n s  e m itte d  p e r  

DRO p e r io d  by th e  an im als  in  each  group o v er th e  l a s t  f iv e  p re -o p e ra ­

t i v e  s e s s io n s ,  and f i r s t  f iv e  and l a s t  f i v e  p o s t - o p e r a t iv e  s e s s io n s .  

Each mean i s  an av e ra g e  o f th e  mean number o f  ru n s  p e r  DRO f o r  each 

o f th e  s e s s io n s  in d ic a te d  by each  an im al in  th e  g ro u p . The ran g e  

shown i s  th a t  o f  th e  in d iv id u a l  means f o r  each  an im a l over th e  s e s ­

s io n s  in d ic a te d .
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FIG. 31. Means and ra n g e s  o f  th e  mean number o f re sp o n se s  e m itte d  

p e r  i n i t i a l  run  in  each  DRO p e r io d  by th e  an im als  in  each group o v er 

th e  l a s t  f iv e  p r e - o p e r a t iv e  s e s s io n s ,  and f i r s t  f iv e  and l a s t  f iv e  

p o s t - o p e r a t iv e  s e s s io n s .  Each mean i s  an av e rag e  o f  th e  mean number 

o f  re sp o n ses  p e r  i n i t i a l  run  f o r  each o f  th e  s e s s io n s  in d ic a te d  f o r  

each  an im al in  th e  g ro u p . The in d ic a te d  ran g e  i s  t h a t  o f  th e  in d iv id u a l  

means fo r  each  an im al o v er th e  s e s s io n s  in d ic a te d .
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norm als ( t  = 7 .1 0 , d . f .  = 1 0 ) . Over th e  l a s t  f i v e  p o s t - o p e r a t iv e  s e s ­

s io n s  th e  mean number o f  ru n s  e m itte d  by th e  a n t e r i o r  an im a ls  dropped 

to  2 . 5 ,  b u t  t h i s  was s t i l l  s i g n i f i c a n t l y  l a r g e r  th a n  th e  norm al g ro u p ’ s 

mean o f  1 .3  ( t  = 5 .3 6 , d . f .  = 10 ).

F ig u re  31 com pares th e  mean number o f  re sp o n se s  e m itte d  p e r  i n i t i a l  

ru n  in  each  DRO p e r io d  by a n t e r i o r ,  p o s te r i o r  and norm al r a t s .  A tte n ­

t i o n  must ag a in  b e  c a l l e d  to  th e  a t y p ic a l  p e rfo rm ance  o f  r a t  191A w hich 

e m itte d  a  mean o f 3 .3  re sp o n se s  p e r  i n i t i a l  ru n  p r e - o p e r a t iv e ly  and was 

r e s p o n s ib le  fo r  th e  w ide ran g e  shown f o r  th e  a n t e r i o r  group ( s e e  F ig u re  

3 0 ) . No o th e r  an im a l in  e i t h e r  group exceeded  a  mean o f  1 .7  re sp o n s e s  

p e r  i n i t i a l  run  su c h  th a t  th e  d if f e r e n c e  betw een  th e  a n t e r i o r  and n o r­

mal p r e - o p e r a t iv e  means was n o t s i g n i f i c a n t  ( t  = 1 .1 8 , d . f .  = 10 ) .  

C o n tra ry  to  th e  p o s t - o p e r a t iv e  in c re a s e s  shown by a n t e r i o r  r a t s  w ith  

re g a rd  to  b o th  mean t o t a l  DRO re sp o n se s  and mean number o f  ru n s  in  DRO, 

th e r e  was no c o r re sp o n d in g  in c re a s e  in  mean number o f  re s p o n s e s  in  i n i ­

t i a l  ru n s  o v er th e  f i r s t  f i v e  p o s t - o p e r a t iv e  s e s s io n s .  The mean number 

o f  re sp o n se s  per i n i t i a l  ru n  e m itte d  by a n t e r i o r  an im a ls  d ropped  to  1 .6  

w hich was n o t s i g n i f i c a n t l y  d i f f e r e n t  from  th e  mean o f  1 .3  ( t  = 1 .6 3 , 

d . f .  = 10) f o r  th e  no rm als o ver th e  f i r s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s .  

By th e  l a s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s ,  th e  mean number o f  re sp o n se s  

e m itte d  p e r  i n i t i a l  run  by th e  a n t e r io r  r a t s  in c re a s e d  to  1 .9  w hich  was 

s i g n i f i c a n t l y  h ig h e r  th a n  th e  c o rre sp o n d in g  mean o f  1 .3  th e  norm al group 

( t  = 3 .3 3 , d . f .  = 1 0 ) .

F ig u re  32 shows th e  means o f m edian l a t e n c i e s  o f th e  f i r s t  re sp o n se  

i n  each re in fo rc e m e n t p e r io d  fo r  a l l  th r e e  g ro u p s . I t  was a p p a re n t  t h a t  

th e  mean p o s t  re in fo rc e m e n t m edians w ere lo n g e r  th a n  th e  mean p o s t  DRO 

m ed ians. T h is d i f f e r e n c e  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  (F » 1 2 .5 0 , 

d . f .  = 1 /1 0 , p ^ . 0 1 ) .



FIG. 32. Means and ran g es  o f  m edian l a t e n c i e s  o f  f i r s t  re sp o n se  

r e in fo rc e d  p e r io d s  f o r  each  group over th e  l a s t  f iv e  p r e - o p e r a t iv e ,  

f i r s t  f iv e  p o s t - o p e r a t iv e ,  and l a s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s .  The 

shaded  b a rs  shown mean o f  m edian l a t e n c i e s  fo llo w in g  re in fo rc e m e n t 

p e r io d s .  The unshaded b a rs  show mean o f m edian l a t e n c i e s  fo llo w in g  

DRO p e r io d s .  The in d ic a te d  ran g e  i s  th a t  o f  th e  in d iv id u a l  means 

f o r  each  an im al o ver th e  s e s s io n s  in d ic a te d .
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As w ith  b o th  mean t o t a l  re sp o n se s  p e r  DRO and mean number o f  runs 

p e r  DRO, th e  mean o f th e  m edian l a t e n c i e s  o f  th e  a n t e r i o r  group showed 

an in c re a s e  o ver p r e - o p e r a t iv e  l e v e l s  w h ile  th a t  o f  th e  norm al and <yf th e  

p o s t e r i o r  an im als  d id  n o t .  P r e - o p e r a t iv e  d i f f e r e n c e s  betw een a n t e r io r  

and norm al means w ere n o 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 .  T h is  was t r u e  fo r  

b o th  p o s t- r e in fo rc e m e n t  l a t e n c i e s  ( t  = 0 .1 2 ,  d . f .  = 10) and p o s t  DRO 

la t e n c i e s  ( t  = 0 .2 6 ,  d . f .  = 1 0 ) . Over th e  f i r s t  f i v e  p o s t - o p e r a t iv e  

s e s s io n s  th e  mean o f  th e  p o s t- r e in fo r c e m e n t  m edian l a t e n c i e s  o f  th e  an­

t e r i o r  group in c re a s e d  from 2 .3  to  6 .4  seco n d s w hich was s i g n i f i c a n t l y  

g r e a t e r  th a n  th e  c o rre sp o n d in g  mean o f 1 . 0  seconds f o r  th e  norm al group 

( t  = 2 .9 3 , d . f .  = 1 0 ) . The p o s t  DRO mean o f  th e  m edian o f  th e  a n t e r io r  

an im als  was 4 .0  o v e r  th e  f i r s t  f i v e  p o s t - o p e r a t iv e  s e s s io n s  w hich was 

a l s o  s i g n i f i c a n t l y  g r e a t e r  th a n  0 .4  f o r  th e  no rm als  ( t  = 3 .7 6 , d . f .  =

1 0 ) . By th e  l a s t  f iv e  p o s t - o p e r a t iv e  s e s s io n s  b o th  th e  mean p o s t - r e in ­

fo rcem en t and mean p o s t  DRO m edian l a t e n c i e s  o f th e  a n t e r io r  group were 

s t i l l  g r e a t e r  th a n  th o s e  o f th e  norm al g roup  ( t  = 3 .9 9 , d . f .  = 10; t  = 

3 .8 4 , d . f .  = 10 r e s p e c t iv e l y ) .



DISCUSSION

I n i t i a l  Comments

Anim als w ith  ca u d a te  n u c le u s  le s io n s  have been  c h a r a c te r iz e d  a s  un­

a b le  to  i n h i b i t  p r e v io u s ly  r e in fo rc e d  re sp o n se s  o r  to  s h i f t  from  one 

mode o f  re sp o n d in g  to  a n o th e r  when re in fo rc e m e n t c o n t in g e n c ie s  a r e  a l ­

te r e d .  F o llo w in g  Dews (1958) and Thompson (1 9 6 3 a), th e  p re s e n t  s tu d y  

a tte m p te d  to  t r a n s l a t e  t h i s  c h a r a c te r i z a t i o n  in to  te rm s c o n s i s te n t  w ith  

c u r r e n t  e x p e r im e n ta l a n a ly s e s  o f  b e h a v io r  ( e . g . ,  S ch o en fe ld  and F arm er, 

1970; S k in n e r , 1 9 7 0 ). A c c o rd in g ly , c a u d a te  an im als  w ere d e s c r ib e d  as 

e x h ib i t in g  in c re a s e d  f r e q u e n c ie s  o f  re sp o n se  d u rin g  n o n - r e in fo r c e d  com­

p o n en ts  o f  s c h e d u le s  w hich  a l t e r n a t e  n o n -re in fo rc e m e n t w ith  r e in f o r c e ­

m ent, o r  w hich r e q u i r e  th e  em iss io n  o f " o th e r "  b e h a v io r  in  o rd e r  to  

s a t i s f y  a c o n tin g e n c y  ( e . g . ,  d e lay ed  re s p o n s e , DRL, DRO). I t  was f u r ­

th e r  a rgued  t h a t  in c re a s e d  f re q u e n c ie s  o f  re sp o n se  un d er c o n d i t io n s  o f  

n o n -re in fo rc e m e n t w ere augm ented when th e  changes i n  co n tin g en cy  w ere  

n o t c o r r e l a t e d  w ith  e x te r o c e p t iv e  s t im u l i .  I t  was assumed th a t  i n  th e  

absence o f  such  e x te r o c e p t iv e  cues an im a ls  came to  d is c r im in a te  s c h e d u le  

com ponents on th e  b a s i s  o f  t h e i r  own b e h a v io r  ( i . e . ,  re sp o n se  p rod u ced  

s t im u l i )  and t h a t  c a u d a te  le s io n s  i n t e r f e r e d  in  some way w ith  th e  

c o n t ro l  o f  re sp o n d in g  by su c h  s t im u l i .

The p r e s e n t  s tu d y  u sed  Mix FR DRO sc h e d u le s  as  th e s e  s c h e d u le s  ty p ­

i f i e d  th e  ty p e  o f  ta s k  on w hich  ca u d a te  le s io n e d  an im a ls  a re  n o rm a lly  

im p a ire d . E xperim en t I  was d e s ig n ed  to  s tu d y  p o s t - o p e r a t iv e  a c q u i s i ­

t io n  and s te a d y  s t a t e  b e h a v io r  m a in ta in e d  a t  s e v e r a l  le v e ls  o f  th e  FR 

req u ire m en t in  r a t s  w ith  a n t e r i o r  c a u d a te  le s io n s ,  r a t s  w ith  p o s t e r i o r  

cau d a te  l e s i o n s ,  and in  u n o p e ra te d  a n im a ls . S e p a ra te  a n t e r io r  and 

p o s t e r i o r  l e s i o n  : groups w ere employed w ith  th e  i n t e n t i o n  o f  f u r t h e r



e x p lo r in g  th e  f u n c t io n a l  h e te r o g e n e i ty  o f  th e  r a t  c a u d a te .  A f u r th e r  

p u rp o se  o f E xperim ent I  was to  p ro v id e  n o rm a tiv e  and f u n c t io n a l  d a ta  

d e s c r ip t iv e  o f  b e h a v io r  m a in ta in e d  on Mix FR DRO s c h e d u le s ,  and to  ex­

te n d  to  mixed sc h e d u le s  B o re n 's  (1961) s tu d y  o f  r e s i s t a n c e  to  e x t in c ­

t i o n  as a fu n c tio n  o f  r a t i o  s i z e .

E xperim ent I I  was u n d ertak en  in  o rd e r  to  exam ine th e  e f f e c t s  o f 

c a u d a te  le s io n s  on b e h a v io r  a c q u ire d  p r e - o p e r a t iv e ly  a t  one l e v e l  o f 

th e  Mix FR DRO sc h e d u le .

Acquisition and Steady State Behavior on Mix FR DRO

C um ulative re c o rd s  o f b o th  le s io n e d  and u n o p e ra te d  r a t s  in  E x p e ri­

ment I  w ere found to  sh a re  c e r t a i n  to p o g ra p h ic  f e a tu r e s  w ith  re c o rd s  

g e n e ra te d  by re sp o n d in g  on Mix FR Ext s c h e d u le s  ( F e r s t e r  and S k in n e r, 

1957; W eissm an, 1960; Thompson, 1963b). S tead y  s t a t e  re sp o n d in g  d u rin g  

u n re in fo rc e d  com ponents o f  Mix FR DRO was marked by i n i t i a l  ru n s  of 

re sp o n se s  fo llo w ed  by  pauses o f  l i t t l e  o r  no re sp o n d in g  w hich e i t h e r  

c o n tin u e d  u n t i l  th e  end o f  th e  u n re in fo rc e d  p e r io d  o r  w ere fo llo w ed  by 

a d d i t i o n a l  ru n s . The ty p ic a l  " p la te a u "  o r  " s t a i r  s te p "  c o n f ig u ra t io n s  

w hich  r e s u l t e d  from t h i s  b e h a v io r  in d ic a te d  th a t  an im a ls  on th e s e  sch ed ­

u le s  d is c r im in a te d  th e  c o n d it io n  o f  e x t in c t i o n .  T hat b o th  mean t o t a l  

re sp o n se s  p e r  DRO p e r io d  and mean number o f  ru n s  p e r  DRO p e r io d  d e c re a se d  

o v e r  s e s s io n s  p ro v id ed  f u r th e r  ev id en ce  f o r  th e  developm ent o f  such a 

d i s c r im in a t io n  and was re m in is c e n t o f th e  e f f e c t s  o f  r e p e a te d  c o n d i t io n ­

in g  and e x t in c t i o n  re p o r te d  by B u llo ck  and Sm ith (1953) on a p r o to ty p ic a l  

m ixed s c h e d u le .

Of c o u r s e ,  an im als  do n o t  d i s c r im in a te  e x t in c t i o n  as  su ch , b u t can  

b e  s a id  to  respond  d i f f e r e n t i a l l y  under c o n d i t io n s  o f  re in fo rc e m e n t and 

n o n -re in fo rc e m e n t .  On mixed sc h e d u le s  th e s e  c o n d i t io n s  presum ably



cannot be detected until the animal has emitted the number of responses 

required by the ratio. The question of interest, therefore, is what 

stimulus or stimuli actually controlled differential responding?

F or th e  p u rp o se  o f an e x p e r im e n ta l a n a ly s i s  o f  b e h a v io r  i t  h a s  been 

assumed th a t  w h a te v e r  th e  s t im u lu s ,  i t  i s  c o r r e l a te d  w ith  th e  number o f 

re sp o n se s  e m itte d  in  th e  r a t i o .  T h is  assum ption  h as  been  in v e s t ig a te d  

in  s e v e r a l  s tu d ie s  by Mechner (1958a, 1958b) and P l a t t  and Senkowski 

(1 9 7 0 ). In  M ech n er 's  p ro c e d u re  r a t s  w ere re q u ire d  to  com plete an FR on 

one l e v e r  b e fo re  b e in g  r e in f o r c e d  f o r  a s in g le  " r e p o r t in g "  re sp o n se  on 

a second  le v e r .  S w itch in g  to  th e  r e in f o r c e d  le v e r  b e fo re  co m p le tio n  o f 

th e  FR on the " c o u n tin g "  le v e r  was n e v e r r e in f o r c e d ,  and on such  occa­

s io n s  o f  p rem atu re  s w itc h in g  th e  r a t  had to  r e p e a t  th e  e n t i r e  seq u en ce . 

In  P l a t t  and S en k o w sk i's  p ro c e d u re  th e  " r e p o r t in g "  re sp o n se  on th e  se c ­

ond l e v e r  was r e p la c e d  by th e  in t e r r u p t io n  o f  a ph o to  beam a c ro s s  th e  

food h o p p er. The datum o f  i n t e r e s t  on such sc h e d u le s  has  been th e  num­

b e r  o f  re sp o n ses  e m itte d  on th e  FR le v e r  b e fo re  s w itc h in g  to  th e  second 

le v e r  o r  b e fo re  i n t e r r u p t i o n  o f  th e  pho to  beam. For th e  p u rp o ses  o f th e  

p r e s e n t  study  num ber o f re sp o n se s  on th e  FR le v e r  was assumed to  c o r re ­

spond to  the  num ber o f re sp o n se s  e m itte d  in  an i n i t i a l  DRO run  ( i . e . ,  

number o f  re sp o n se s  b e fo re  th e  f i r s t  IRT g r e a t e r  th a n  3 seco n d s) on th e  

Mix FR DRO s c h e d u le .

T ab le  3 com pares m easures o f  c e n t r a l  tendency  o f  d i s t r i b u t i o n s  o f 

th e  number o f re sp o n se s  i n  ru n s  on th e  FR "c o u n tin g "  le v e r  from  Mechner 

(1958a) and from  P l a t t  and Senkow ski (1970). In  th e  p r e s e n t  s tu d y  Mix 

FR DRO sch ed u le s  tended  to  p roduce  lo n g e r  ru n s ,  e s p e c i a l l y  a t  th e  FR 8 

l e v e l s .  This can  be  accoun ted  f o r ,  how ever, by p ro c e d u ra l  d i f f e r e n c e s .  

In  b o th  M echner's and P l a t t  and S en k o w sk i's  s tu d ie s  th e  sequences by 

w hich r a t s  were exposed  to  FR re q u ire m e n ts  w ere c o u n te rb a la n c e d  w hereas
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TABLE 3

Comparison o f Run Length. D ata w i th  O ther S tu d ie s

Study 4
F ix ed  R atio  

8 12 16

P l a t t  and Senkow ski (1970)

Mean ch a in  le n g th  em itted *
(N = 8 r a t s ) 6 . 0 1 0 .0  1 4 .0 1 8 .0

Mechner (1958a)

Median le n g th  o f  runs*

R at N 1 6 . 0 1 0 . 0 1 5 .0 1 9 .5

R at N 2 7 .5 1 1 .5 1 5 .5 2 1 .0

R at N 3 5 .5 9 .5 1 5 .0 19 .0

R at N 4 9 .0 1 2 .5 1 6 .5 2 1 .0

R at N 5 5 .5 1 1 . 0 1 4 .5 19 .0

R at N 6 7 .0 1 2 .5 1 7 .0 24 .0

Mean 6 . 8 1 1 . 2 1 5 .6 2 0 .6

The p r e s e n t  s tu d y (u n o p era ted  a n im a ls )

Mean no . re sp o n se s  
in  DRO p e r io d s

p e r  i n i t i a l  ru n

R at 397 7 .5 1 4 .4 2 2 .6

R at 398 1 1 . 1 1 4 .6 2 2 . 8

R at 403 6 .3 1 3 .4 15 .7

R at 407 8 .5 1 3 .3 22 .7

R at 412 6 . 6 1 2 . 0 ------- 2 1 .8

Mean 8 . 0 1 3 .5 2 1 .1

*D ata a r e  e s t im a te s  on f ig u r e s  p r e s e n te d  in  th e  s tu d y .



in  th e  p r e s e n t  s tu d y  an im als  w ere exposed in  ascen d in g  o r d e r ,  b u t  w ere 

g iven more s e s s io n s  in  w hich  to  s t a b i l i z e  a t  each  l e v e l .  A lso , th e  

methods by w hich ru n  te rm in a t io n s  w ere d e f in e d  d i f f e r e d .  In  th e  p r e s e n t  

study  c o m p le tio n  o f  a ru n  was " r e p o r te d "  by th e  em iss io n  o f a 3 second 

pause r a t h e r  th a n  by a re sp o n se  on a second le v e r  o r  by in t e r r u p t io n  o f 

a pho to  beam. In  view  o f  th e se  p ro c e d u ra l d i f f e r e n c e s  th e  co rre sp o n d e n c e  

betw een c e n t r a l  te n d en cy  o f  run  le n g th  d i s t r i b u t i o n s  i s  n o te w o rth y . I t  

shou ld  a l s o  be p o in te d  o u t th a t  Mechner used  th e  median in  r e p o r t in g  h i s  

run l e n g th s ,  a  m easure n o t  in f lu e n c e d  by o c c a s io n a l  lo n g  ru n s .

T hese c o rre sp o n d e n c e s  in  c e n t r a l  tendency  d id  n o t ex te n d  to  m easures 

of v a r i a b i l i t y ,  how ever. P l a t t  and Senkowski (1970) found t h a t  b o th  th e  

means and s ta n d a rd  d e v ia t io n s  o f  th e  run  le n g th  d i s t r i b u t i o n s  w ere l i n ­

e a r ly  in c r e a s in g  f u n c t io n s  o f th e  f ix e d  r a t i o .  T h is e n ab led  them to  use  

th e  l i n e a r  g e n e r a l i z a t io n  o f W eber's  Law ( i . e . , ^ I  = KI + C, w here C 

i s  one JND above a b s o lu te  th r e s h o ld )  to  p ro v id e  d i s c r i m i n a b i l i t y  fu n c­

tio n s  f o r  number o f  re sp o n se s  as  a  s t im u lu s .  In  th e  p r e s e n t  s tu d y  r e ­

s u l t s  showed th e  s ta n d a rd  d e v ia t io n  n o t to  be a l i n e a r  f u n c t io n  o f th e  

r a t i o .

T h is  r a i s e s  th e  im p o r ta n t q u e s t io n  o f  w hether o r  n o t ,  in  th e  p r e s e n t  

s tu d y , th e  n o n l i n e a r i t y  o f  in c r e a s e s  in  s ta n d a rd  d e v ia t io n  o f  ru n  le n g th  

d i s t r i b u t i o n s  a s  a f u n c t io n  o f  th e  r a t i o  r e f l e c t e d  a  fu n d am en ta l d i f f e r ­

ence in  th e  n a tu r e  o f th e  b e h a v io r  g e n e ra te d  by Mix FR DRO s c h e d u le s  as  

opposed to  M ech n er's  (1958a) p ro c e d u re , o r  sim p ly  th e  f a i l u r e  to  s u s t a in  

re sp o n d in g  a t  h ig h e r  r a t i o s  due to  in a d e q u a te  c o n t ro l  ( e . g . ,  in a d e q u a te  

m agnitude o f  r e in f o r c e m e n t ) . In  t h i s  r e g a rd  d i f f e r e n c e s  in  p ro c e d u re  

must a g a in  be c a l l e d  in to  a c c o u n t. One s o u rc e  o f  in c re a s e d  v a r i a t i o n  

in  run  le n g th  p roduced  on Mix FR DRO sc h e d u le s  may have b een  th e  method 

by w hich run  te rm in a t io n  was d e te rm in ed  in  th e  p re s e n t  s tu d y .  Under th e
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th r e e  second  pause  c r i t e r i o n  i t  would b e  p o s s ib le  f o r  an  an im al to  em it 

n r e s p o n s e s ,  v i s i t  th e  d ip p e r  ( i . e . ,  te rm in a te  i t s  r u n ) ,  and th e n  r e ­

tu rn  to  th e  le v e r  to  make a d d i t io n a l  re sp o n se s  b e fo re  th e  th re e  second 

p e r io d  had e la p s e d . T h is  b e in g  th e  c a s e ,  th e  number o f  re sp o n se s  p e r  

run c o u ld  have been confounded w ith  th e  speed  w ith  w hich  an an im al ap­

p roach ed  th e  d ip p e r  and th e n  re tu rn e d  to  th e  le v e r .  T h is  s i t u a t i o n  

co u ld  have been  rem edied by a r ra n g in g  th a t  any approach  to  th e  d ip p e r 

be re c o rd e d  by i n t e r r u p t io n  o f  a pho to  beam a s  in  P l a t t  and S enko w sk i's  

(1970) p ro c e d u re .

A more c r i t i c a l  d i f f e r e n c e  betw een M ech n er's  (1958a) p ro ced u re  and 

th e  M ix FR DRO sc h e d u le  conce rn s  th e  la c k  o f  im m ediate consequences f o r  

e i t h e r  s h o r t  o r  long  ru n s  in  DRO. In  M ech n er's  p ro c e d u re  short, runs 

( i . e . , s w itc h in g  to  th e  r e in fo rc e d  l e v e r  b e f o r e  co m p le tin g  th e  FR) w ere 

n o t r e in f o r c e d  and r e q u ir e d  r e p e t i t i o n  o f  th e  e n t i r e  seq u en ce . In  DRO, 

as lo n g  as a t  l e a s t  one re sp o n se  was e m it te d ,  ru n s  s h o r t e r  th a n  th e  FR 

had no im m ediate d i f f e r e n t i a l  consequence . F u rth e rm o re , in  th e  M echner 

p ro c e d u re , com pleted ru n s  on th e  FR le v e r  w ere q u ic k ly  r e in f o r c e d  when 

th e  a p p r o p r ia te  " r e p o r t in g "  re sp o n se  was made, w h ile  i n i t i a l  runs em it­

ted  i n  DRO i n  th e  p r e s e n t  s tu d y  d id  n o t  have any im m ediate consequence. 

In  o th e r  w ords, th e  c o n tin g e n c y  in  e f f e c t  in  th e  DRO component o f  th e  

mixed s c h e d u le  d id  n o t in v o lv e  th e  im m ediate  d i f f e r e n t i a l  re in fo rc e m e n t 

o f ru n s  c o n ta in in g  th e  number o f  re sp o n se s  re q u ire d  by th e  FR. The 

p rim ary  so u rc e  o f  c o n t r o l  o f  DRO run  le n g th s  m ost p ro b a b ly  r e s id e d ,  

t h e r e f o r e ,  i n  in d u c tio n  from r a t i o s  e m itte d  in  r e in f o r c e d  components 

o f th e  s c h e d u le . S in ce  co m p le tio n  o f  th e  r a t i o  in  r e in f o r c e d  compo­

n e n ts  was alw ays e x te r o c e p t iv e ly  cued by th e  o p e ra t io n  o f  th e  d ip p e r  

m echanism , " c o u n tin g "  ( i . e . ,  ru n  le n g th  d i f f e r e n t i a t i o n  c o n t ro l le d  by



i n t e r o c e p t iv e  s t im u l i )  was n o t a c tu a l ly  r e q u ire d  by th e  Mix FR DRO 

sc h e d u le .

A nother f a c t o r  w hich  m ust be c o n s id e re d  i s  t h a t  on Mix FR DRO 

sc h e d u le s  th e  i n t e r p o la t i o n  o f  th e  DRO co n tin g en cy  i t s e l f  may have a f ­

f e c te d  th e  e x te n t  to  w hich  number o f re sp o n se s  fu n c tio n e d  a s  a  s tim u lu s .  

W hile th e  c o n tin g e n c y  in h e re n t  in  FR sc h e d u le s  i s  one in  w hich  r e in ­

fo rcem en t d e n s i ty  i s  d i r e c t l y  p r o p o r t io n a l  to  re sp o n se  d e n s i ty  ( i . e . ,  

r a t e  o f  r e s p o n s e ) ,  th e  co n tin g e n c y  in h e re n t  in  DRO i s  th e  o p p o s i te .  The 

i n t e r p o l a t i o n  o f  th e  DRO co n tin g e n c y  co u ld  th e r e f o r e  c r e a te  a  s i t u a t i o n  

w hich would m axim ize th e  tend en cy  o f r a t i o  b eh av io r to  b re a k  down a s  

r a t i o  re q u ire m e n ts  a r e  in c re a s e d .  R ats m a in ta in e d  on s im p le  FR sc h e d u le s  

have shown d e c lin e 's  in  re sp o n se  r a t e  a t  a b o u t FR 30 o r  40 (B aro fsk y  and 

H u rw itz , 1 9 6 8 ). These r a t i o s  w ere much h ig h e r  th a n  th e  r a t i o s  a t  w hich 

re sp o n d in g  in  th e  p r e s e n t  s tu d y  appeared  to  b reak  down. A cco rd ing  to  

Pow ell (1 9 7 0 ), when th e  d u r a t io n  o f th e  p o s t  re in fo rc e m e n t p au se  i s  

exc lu d ed  from  th e  c a l c u la t io n  o f  re sp o n se  r a t e ,  d e c re a s e s  a t  h ig h e r  

r a t i o s  a r e  s e e n  to  r e s u l t  from  in c re a s e s  in  th e  fre q u e n c y  and d u ra t io n  

o f  w ith in  ru n  p au ses  r a t h e r  th a n  from an in c re a s e  in  in t e r r e s p o n s e  tim e s  

g e n e r a l ly .  In  E xperim ent I  o f  th e  p r e s e n t  s tu d y  e v id e n c e  o f  su ch  in ­

c r e a s e s  in  fre q u e n c y  and  d u r a t io n  o f  w i th in  run  p a u s in g  was se e n  in  th e  

cu m u la tiv e  r e c o rd s  a t  th e  FR 8 and 16 l e v e l s .  T h is  r e s u l t e d  in  s i t u a ­

t i o n s  in  w h ich , d u r in g  a  re in fo rc e m e n t p e r io d  on FR 16 f o r  exam ple, an 

an im a l m ight em it 10  r e s p o n s e s ,  pause f o r  some se c o n d s , and th e n  em it 

th e  rem a in in g  s ix  re sp o n se s  and be r e in f o r c e d .  Such a  s e r i e s  o f  e v e n ts  

co u ld  have d e s tro y e d  th e  c o r r e l a t i o n  betw een th e  number o f  re sp o n se s  

and d e l iv e r y  o f  r e in fo rc e m e n t ,  by w hich number o f  re s p o n se s  i s  assumed 

to  a c q u ire  i t s  s t im u lu s  fu n c t io n .



In  s p i t e  o f th e  fo re g o in g  d is c u s s io n  re sp o n d in g  on Mix FR DRO sched­

u le s  was found to  r e f l e c t  p r o p e r t i e s  o f  f ix e d  r a t i o  re sp o n d in g  g e n e r a l ly .  

Both th e  mean t o t a l  re sp o n se s  e m itte d  p e r  DRO and th e  mean number o f  r e ­

sp o n ses  e m itte d  p e r  i n i t i a l  ru n  in  DRO w ere  found to  be in c r e a s in g  func­

t io n s  o f  r a t i o  s i z e .  Both f in d in g s  s u p p o r t and e x te n d  B o re n 's  (1961) 

f in d in g s  co n c e rn in g  r e s i s t a n c e  to  e x t in c t io n  as a fu n c t io n  o f r a t i o  

s i z e .  F u r th e rm o re ,th e  f a c t  t h a t  th e  means o f  th e  m edian l a t e n c i e s  o f 

th e  f i r s t  re sp o n se  in  re in fo rc e m e n t p e r io d s  w ere found  to  in c r e a s e  w ith  

in c r e a s e s  in  r a t i o  s i z e  ag re e s  w ith  r e p o r t s  th a t  p o s t  re in fo rc e m e n t 

pause  d u ra t io n  in c r e a s e s  as th e  r a t i o  i s  in c re a s e d  (F e l to n  and Lyon, 

1966).

E f f e c ts  o f  C audate  L es io n s

S in c e  d a ta  from  E xperim ent I  b o th  f a i l e d  to  p ro v id e  d i s c r i m in a b i l i t y  

f u n c t io n s  f o r  number o f  re sp o n se s  as a s t im u lu s  and r e v e a l  d i f f e r e n c e s  

in  p erfo rm an ce  betw een  le s io n e d  and u n o p e ra te d  r a t s ,  no s ta te m e n t can 

be  made w ith  re g a rd  to  th e  h y p o th e s is  t h a t  c a u d a te  le s io n e d  an im a ls  a re  

somehow im p a ired  on ta s k s  w hich r e q u ir e  d is c r im in a t io n  o f  re sp o n se  p ro ­

duced s t im u l i .  What rem ains i s  to  ac c o u n t f o r  th e  ab se n c e  o f  a l e s io n  

e f f e c t  in  E xperim en t I  in  view o f  i t s  p re se n c e  in  E xperim en t I I ,  and to  

a t te m p t a  c h a r a c t e r i z a t i o n  o f th e  E xperim ent I I  e f f e c t  in  th e  l i g h t  o f 

th e  p r e s e n t  d a ta .

I t  c o u ld  be a rg u ed  th a t  l e s i o n  e f f e c t s  were o b sc u re d  by in c re a s e d  

v a r i a b i l i t y  b o th  w i th in  an im als  and g roups due to  d i f f i c u l t i e s  i n  main­

ta in in g  p e rfo rm a n ces  a t  th e  h ig h e r  FR l e v e l s .  T h is  w ould n o t ,  how ever, 

a cco u n t f o r  th e  la c k  o f  any e f f e c t  a t  th e  FR 1 l e v e l  w here b e h a v io r  i s  

p resum ab ly  u n a f fe c te d  by p ro c e s s e s  a s s o c ia te d  w ith  r a t i o  re sp o n d in g  o r 

i n t e r m i t t e n t  re in fo rc e m e n t g e n e r a l ly .



I t  h a s  been  a rgued  t h a t  p erfo rm an ce  d e f i c i t s  shown by c a u d a te  l e ­

s io n e d  an im a ls  may r e s u l t  from l e s i o n  induced  h y p e r a c t iv i ty  ( e . g . ,  

W h i t t i e r  and O rr , 19 6 2 ). I t  m igh t b e , t h e r e f o r e ,  t h a t  th e  f a i l u r e  o f  

E xperim ent I  to  r e v e a l  a s i g n i f i c a n t  l e s io n  e f f e c t  r e s u l t e d  from  th e  

f a i l u r e  o f  th e  le s io n s  to  p roduce  th e  n e c e s s a ry  in c r e a s e s  in  a c t i v i t y  

l e v e l s .  The f a i l u r e  o f  E xperim ent I  to  show d i f f e r e n c e s  in  number o f  

a c t i v i t y  cage t i l t s  betw een any o f  th e  groups can n o t be ta k e n  i n  su p p o rt 

o f  such  an argum ent, how ever. A c t iv i ty  m easures w ere n o t made u n t i l  th e  

co m p le tio n  o f  t e s t i n g  a t  a l l  FR l e v e l s  o f th e  mixed s c h e d u le ■, ab o u t a 

y e a r  fo llo w in g  s u rg e ry . S in ce  c a u d a te  le s io n  in d u ced  h y p e r a c t iv i ty  i s  

r e p o r te d  to  d im in ish  w i th in  one to  s i x  weeks fo llo w in g  s u rg e ry ,  th e  mea­

s u re s  from  E xperim ent I  do n o t r e a l l y  b e a r  upon th e  h y p o th e s is  (W h it t ie r  

and O rr , 1962; G reen, e t  a l . ,  1967; A lb e r t and B ignam i, 1968). I t  i s  

a l s o  p o s s ib le  t h a t  th e  c u r s iv e  h y p e rk in e s ia  r e p o r te d  by W h i t t i e r  and O rr 

( i . e . ,  u n in te r r u p te d  b o u ts  o f  ru n n in g  in  w h e e ls , e t c . )  i s  n o t re v e a le d  

in  t i l t  boxes o r  s t a b i l i m e t e r  c a g e s . Lynch (1970) h a s  s u g g e s te d  th a t  

th e r e  a re  two s e p a r a te  f o r e b r a in  system s in  th e  r a t  w hich m e d ia te  

d i f f e r e n t  ty p e s  o f  a c t i v i t y .  One k in d  i s  b e t t e r  re v e a le d  in  ru n n in g  

w heels w h ile  th e  o th e r  i s  b e t t e r  r e v e a le d  in  s t a b i l i m e t e r  c a g e s . I t  i s  

o f  i n t e r e s t  th a t  L y n ch 's  c a u d a te  r a t s  f a i l e d  t o  show any p o s t - o p e r a t iv e  

h y p e rk in e s ia  in  s t a b i l i m e t e r  cages w hich w ere s im i l a r  in  d e s ig n  to  th e  

t i l t  boxes used in  th e  p r e s e n t  s tu d y .

A no ther rea so n  f o r  th e  ab sen ce  o f  a l e s i o n  e f f e c t  in  E xperim ent I

may have b een  le s io n  s i z e  a n d /o r  e x t e n t .  T ab le  4 g iv e s  e s t im a te d  p e r­

c e n t c a u d a te  t i s s u e  damaged i n  a  number o f  r e c e n t  s tu d i e s .  When com­

p a red  w ith  th e  p e rc e n t  damage i n  th e  p re s e n t  s tu d y  (s e e  T ab les  & and 1

in  A ppendices I  and I I  r e s p e c t iv e l y )  i t  can b e  seen  th a t  th e  l e s io n s  in
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TABLE 4

E s tim a te s  o f  P e rc e n t C audate T is su e  D estroyed  in  R ecen t S tu d ie s  

o f  th e  B e h a v io ra l E f f e c ts  o f L es io n s  o f  th e  C audate  N ucleus

S tudy

A lb e rt & Bignami (1968)

A lle n , e t  a l .  (1972)

B o rs t ,  e t  a l .  (1970)

C horover & G ross (1963)

Divac (1971)

G reen, ^ t  a l .  (1967)

G ross, e t  a l .  (1965)

H ansing , a l .  (1968)

K irkby & Kimble (1968)

Meyer (1967)

M ikulas (1966)

M ikulas & I s a a c s o n  (1968) 

Mitcham & Thomas (1972)

N e i l l s  Grossman (1970)

P o te g a l (1969)

Schm altz & Is a a c so n  (1968) 

Schwartzbaum & D onovick (1968) 

W h i t t i e r  & Orr (1962)

W inocur & M ills  (1969)

P e rc e n t T iss u e  D estroyed  

10 -  20 

5 - 2 5  

10 -  30 

12 -  40 @

25 -  30 

20 @ 

no in fo rm a tio n  

20 -  30 

25 -  85 @

7 - 4 0  

10 -  15 (?

15 (?

5 - 1 5  

" s m a ll"  @

10 -  50 @

1 .3  -  20 .4  @

15 -  20 <?

no in fo rm a tio n  

12 -  25

^Except where in d i c a te d  a l l  e s t im a te s  a r e  b ased  on in s p e c t io n  o f  pho to ­
graphs a n d /o r  r e c o n s t r u c t io n s  p ro v id ed  in  th e  p u b lish e d  r e p o r t .

^ E s tim a te  re p o r te d  by th e  i n v e s t i g a t o r ( s ) .
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th e  p r e s e n t  s tu d y  w ere r e l a t i v e l y  sm a ll.  L es io n s  in  E xperim ent I I ,  how­

e v e r ,  ev id en ced  s l i g h t l y  g r e a t e r  p e rc e n t t i s s u e  d e s t r u c t io n  as w e ll  as 

g r e a t e r  a n t e r io r  to  p o s t e r i o r  e x t e n t .  S in c e  th e  p r o b a b i l i t y  o f ap p ea r­

ance  o f  a cau d a te  le s io n  e f f e c t  h as  been  shown to  be  r e l a t e d  to  le s io n  

s i z e ,  th e  somewhat l a r g e r  l e s i o n s  in  E xperim en t I I  may be c a l le d  in to  

a c c o u n t f o r  th e  e f f e c t  shown in  t h a t  ex p e rim en t (Thompson, 1959;

Thompson and M e tt le r ,  1963).

The q u e s tio n  o f l e s io n  s i z e  m ust, how ever, be c o n s id e re d  in  r e l a t i o n  

to  l e s i o n  lo c u s . A r e l a t i v e l y  la r g e  l e s i o n  may be e f f e c t i v e ,  n o t b e­

cau se  o f  mass a c t io n ,  b u t  b eca u se  th e  l a r g e r  le s io n  more p ro b a b ly  i n ­

v o lv e d  a c r i t i c a l  a r e a .  The a n t e r i o r  l e s i o n s  in  E xperim en t I I ,  in  

a d d i t io n  to  b e in g  s l i g h t l y  l a r g e r ,  a ls o  ex ten d ed  f u r t h e r  a n t e r i o r a l l y .  

T hat a  c a u d a te  le s io n  e f f e c t  o f  th e  ty p e  re v e a le d  in  E xperim ent I I  

sh o u ld  depend upon th e  a n t e r i o r  e x te n t  o f  th e  l e s io n s  i s  su g g e s te d  by 

th e  perfo rm an ce  o f r a t s  405A and 414A a t  th e  FR 1 l e v e l  in  E xperim ent I .  

Both r a t s  showed g r e a te r  mean number o f  re s p o n se s  p e r  DRO p e r io d  a t  t h a t  

l e v e l  th an  d id  any o th e r  an im a l, and b o th  showed th e  g r e a t e s t  a n t e r io r  

e x te n t  o f  l e s io n .  Of th e s e  two a n im a ls , r a t  414A had  th e  g r e a t e r  a n te ­

r i o r  e x te n t  and co n tin u ed  to  m a in ta in  th e  h ig h e s t  re sp o n se  o u tp u t o f  any 

an im al in  Experim ent I .  That th e  c a u d a te  le s io n  e f f e c t  i n  th e  p re s e n t  

s tu d y  depended upon th e  a n t e r i o r  e x te n t  o f  th e  l e s io n s  i s  a l s o  su p p o rted  

by th e  a p p a re n t absence o f  any le s io n  e f f e c t  in  p o s t e r i o r  an im a ls  in  

e i t h e r  E xperim ents I  o r  I I .  Such e v id e n c e  i s  f a r  from  c o n c lu s iv e ,  b u t 

does s u g g e s t an avenue fo r  f u r t h e r  s tu d y .

W ith  re g a rd  to  th e  p erfo rm an ce  o f  th e  p o s t e r i o r  r a t s ,  i t  must be  

added t h a t  th e  p o s te r io r  l e s io n s  w ere a l s o  p la c e d  more d o r s a l l y  th a n  

w ere th e  a n t e r io r  l e s i o n s .  I t  may b e , t h e r e f o r e ,  t h a t  th e  d o r s a l -v e n ­
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t r a l  a x is  i s  th e  more c r i t i c a l  as  h a s  been  su g g e s te d  by  N e i l l  and Gross­

man (19 7 0 ). In  t h i s  re g a rd  i t  sh o u ld  b e  r e c a l l e d  t h a t  Meyer (1967) 

f a i l e d  to  show a c a u d a te  le s io n  e f f e c t  w ith  r a t s  on a  DRL sc h e d u le  

w h ile  Schm altz  and I s a a c s o n  (1968) re p o r te d  an e f f e c t  u s in g  DRL.

M eyer's  l e s io n s  w ere p la c e d  more d o r s a l l y  th a n  th o se  o f  Schm altz and 

Is a a c so n .

I t  i s  a l s o  p o s s ib le  th a t  v a r i a b le s  such  as  le s io n  s i z e  and lo c u s  

may i n t e r a c t  w ith  p ro c e d u ra l  v a r i a b l e s .  Thompson (1959) su g g e s te d  th a t  

when c a u d a te  le s io n s  a r e  sm a ll t h e i r  e f f e c t s  may be b e t t e r  r e v e a le d  in  

p o s t - o p e r a t iv e  r e t e n t io n  o f  b e h a v io r  a c q u ire d  p r e - o p e r a t iv e ly  th a n  in  

p o s t - o p e r a t iv e  a c q u i s i t i o n .  The r e s u l t s  o f  E xperim ent I I  in  th e  p re s e n t  

s tu d y  s u p p o r t  th i s  c o n te n t io n  as do s e v e r a l  o th e r  s tu d ie s  in v o lv in g  th e  

t e s t i n g  o f  cau d a te  le s io n e d  r a t s  on sc h e d u le s  o f  r e in fo rc e m e n t .  The 

p re v io u s ly  d is c u s s e d  d is c re p a n c y  betw een  th e  s tu d ie s  o f  Schm altz and 

Isa a c so n  (1968) and Meyer (1967) may be a c c o u n ted  fo r  in  t h i s  m anner. 

Schm altz and Isa a c so n  r e p o r te d  in c re a s e d  r a t e s  o f  re sp o n d in g  in  cau d a te  

le s io n e d  r a t s  on DRL s c h e d u le s  when an im als  w ere t e s t e d  f o r  p o s t—o per­

a t i v e  r e t e n t i o n ,  w h ile  M eyer, whose cau d a te  r a t s  a c q u ire d  th e  DRL be­

h a v io r  p o s t - o p e r a t iv e l y ,  d id  n o t r e p o r t  an e f f e c t .  S im i la r ly ,  Unger 

(1966) f a i l e d  to  show a  ca u d a te  l e s i o n  e f f e c t  i n  r a t s  w hich  a c q u ire d  FI 

re sp o n d in g  p o s t - o p e r a t iv e ly ,  w h ile  H ansing , e t  a l . , (1968) d id  show in ­

c re a se d  re sp o n d in g  on F I p o s t - o p e r a t iv e ly  fo llo w in g  p r e - o p e r a t iv e  

a c q u i s i t i o n .

C h a r a c te r iz a t io n  o f  C audate  L es io n  E f f e c ts

Data from  E xperim ent I I  showed t h a t  r a t s  w ith  l e s io n s  o f th e  a n te ­

r i o r  c a u d a te  n u c leu s  e m itte d  more re sp o n se s  in  DRO p e r io d s  th a n  d id  

e i t h e r  p o s t e r i o r  c a u d a te  r a t s  o r  u n o p e ra te d  c o n t r o l s .  F u rth e rm o re ,



t h i s  in c re a s e  in  re sp o n se  o u tp u t d u rin g  DRO was r e l a t e d  to  in c re a s e s  in  

th e  number o f  in d iv id u a l  re sp o n se  runs in  DRO ( i . e . ,  s in g le  re sp o n se s  

s e p a ra te d  b y  IRTs o f  3 seconds o r  g r e a te r )  r a t h e r  th a n  in c re a s e s  i n  th e  

number o f  re sp o n se s  e m itte d  p e r  ru n . These f in d in g s  a r e  in  agreem ent 

w ith  o th e r  r e p o r ts  o f  in c re a s e d  re sp o n s iv e n e s s  on sc h e d u le s  o f r e i n ­

fo rcem en t i n  cau d a te  le s io n e d  r a t s  as w e ll  a s  c a u d a te  le s io n e d  monkeys 

(Thompson, e t  a l . , 1962; Thompson, 1963a, 1963b; Unger 1966; H ansing , 

e t  a l . , 1968; Schm altz and I s a a c s o n , 1968). Such in c re a s e d  r a t e s  o f r e ­

sp o n d in g , how ever, do n o t le n d  th em se lv es  to  c h a r a c te r i z a t i o n  as  f a i l ­

u re s  o f  " i n h i b i t i o n " .  A ccord ing  to  b o th  R e s c o r la  (1 9 6 9 ), H e a rs t (1972), 

and H e a rs t ,  B e s le y , and F a r th in g  (1970) th e  te rm  i n h i b i t i o n  sh o u ld  be 

a p p lie d  o n ly  w ith in  th e  o p e r a t io n a l  c o n te x t  o f  s p e c i f i c  e x p e rim e n ta l 

c r i t e r i a .  T hese c r i t e r i a  ap p e a r to  a g re e  on th e  n e c e s s i t y  o f e s t a b ­

l i s h i n g  a b a s e l in e  a g a in s t  w hich  to  m easure d e c re a se s  i n  re sp o n se  f r e ­

quency o r  o th e r  re sp o n se  decrem en ts  ( e . g . ,  d e c re a se d  m ag n itu d e , i n ­

c re a se d  l a te n c y ,  e t c . ) .  Given su ch  a re q u ire m e n t i t  w ould  ap p ea r th a t  

a d e m o n s tra tio n  o f d i s i n h i b i t i o n ,  o r f a i l u r e  o f  i n h i b i t i o n ,  would depend 

upon f i r s t  h a v in g  s a t i s f i e d  th e  c r i t e r i a  f o r  th e  d e m o n s tra tio n  o f  in h i ­

b i t i o n .  N e i th e r  th e  p r e s e n t  s tu d y  n o r th o se  j u s t  c i t e d  i n  agreem ent w ith  

th e  p r e s e n t  s tu d y  s a t i s f y  t h i s  re q u ire m e n t.

The f a i l u r e  o f  th e  c a u d a te  le s io n e d  r a t s  in  E xperim en t I I  to  re g a in  

p r e - o p e r a t iv e  perfo rm ance  l e v e l s ,  e s p e c i a l l y  th e  In c re a s e d  number o f 

ru n s  p e r  DRO, cou ld  b e  c o n s tru e d  as a "memory" d e f i c i t .  Such an ex p lan a­

t i o n  i s  p a r t i c u l a r l y  tem p tin g  in  view o f  r e c e n t  i n v e s t ig a t io n s  w h ich  sug­

g e s t  t h a t  s t im u la t io n  o f  th e  ca u d a te  n u c le u s  h as  e f f e c t s  s im i la r  to  

th o se  o f  e le c t r o c o n v u ls iv e  shock  (W yers, P eek e , W i l l i s t o n ,  and H erz ,

1968; Wyers and D eadw yler, 19 7 1 ). The d i f f i c u l t y  w ith  a  memory e x p la -



n a t io n  o f  th e  le s i o n  e f f e c t  in  th e  c o n te x t  o f  th e  p re s e n t  s tu d y , how­

e v e r ,  r e s id e s  in  th e  f a c t  t h a t  from th e  p o in t  o f  view  o f  an experim en­

t a l  a n a ly s i s  o f  b e h a v io r ,  su c h  an " e x p la n a tio n "  may be no l e s s  an ap­

p e a l  to  a v e rb a l is m  th an  an i n h i b i t i o n  h y p o th e s is .  E rv in  and Anders 

(1970) su g g e s t t h a t  th e  te rm  memory b e  r e s t r i c t e d  to  th o s e  ex p erim en ts  

i n  w hich b e h a v io ra l  changes o c c u r r in g  betw een  s u c c e s s iv e  o b s e rv a tio n s  

can be  f u n c t io n a l ly  r e l a t e d  to  th e  d u r a t io n  o f th e  i n t e r v a l  betw een th e  

two o b s e rv a t io n s .  The p r e s e n t  ex p e rim en t does n o t conform  to  such a 

d e s ig n .

T his i s  n o t to  a rgue  a g a in s t  a  p o s s ib le  r o le  f o r  th e  cau d a te  in  

w h a tev e r p ro c e s s e s  a re  encom passed by th e  term  "memory". I t  i s  to  s t a t e  

th a t  in  th e  i n t e r e s t s  o f  an  e x p e r im e n ta l a n a ly s i s  o f  b e h a v io r ,  i t  does 

n o t  ap p ea r o p e r a t io n a l ly  sound to  in t ro d u c e  th e  co n cep t o f  memory any 

more th a n  th e  c o n ce p t o f i n h i b i t i o n  in  an a t te m p t to  c h a r a c te r i z e  th e  

p r e s e n t  r e s u l t s .

In  a d d i t io n  to  th e  p o s t - o p e r a t iv e  in c r e a s e s  i n  DRO re sp o n d in g  shown 

in  Experim ent I I ,  an o b s e r v a t io n  a t  th e  FR 4 l e v e l  o f Experim ent I  i s  

o f  i n t e r e s t .  A t t h a t  l e v e l  a n t e r i o r  r a t s  e m itte d  a h ig h e r  p ro p o r tio n  

o f  i n i t i a l  runs in  DRO w hich  c o n ta in e d  o n ly  a s in g le  re sp o n se  th a n  d id  

any o f  th e  an im a ls  i n  e i t h e r  o f  th e  two g ro u p s . T h is  f in d in g  ap p ea rs  

s im i l a r  to  U nger’s  (1966) o b s e rv a t io n  t h a t ,  u s in g  M echner’ s (1958a) two 

le v e r  p ro c e d u re , c a u d a te  le s io n e d  r a t s  te n d e d  to  s h i f t  from  le v e r  one 

( th e  FR "c o u n tin g "  le v e r )  to  l e v e r  two ( th e  r e in fo rc e d  " r e p o r t in g "  

le v e r )  b e fo re  c o m p le tin g  th e  FR re q u ire m e n t on l e v e r  one. T h is , to ­

g e th e r  w ith  th e  f in d in g  t h a t  th e  le s io n e d  r a t s  ten d ed  to  p e r s i s t  in  r e ­

spond ing  on th e  r e in f o r c e d  l e v e r ,  le d  U nger to  a rg u e  th a t  " p e rs e v e ra ­

t io n "  on th e  p a r t  o f  c a u d a te  le s io n e d  r a t s  was b e t t e r  c h a r a c te r iz e d  as



th e  p e r s i s t e n c e  o f p r e v io u s ly  r e in f o r c e d  re sp o n se s  un d er c o n d i t io n s  in  

which re in fo rc e m e n t i s  w ith h e ld .  The r e s u l t s  from  E xperim ent I I  may be 

c o n s tru e d  in  a s im i l a r  f a s h io n .  T hat i s ,  in c re a s e d  re sp o n d in g  d u r in g  

DRO p e r io d s ,  be in g  c h a r a c te r i z e d  by th e  em iss io n  o f  s in g le  re sp o n se s  

spaced by p au ses  o f  a t  l e a s t  th r e e  se c o n d s , c o u ld , ap p ly in g  U n g er’s r e a ­

so n in g , be ta k e n  a s  e v id e n c e  th a t  th e  le s io n e d  r a t s  p e r s i s t e d  in  th e  

em issio n  o f  th a t  re s p o n s e  sequ en ce  w hich had been  most f r e q u e n t ly  r e i n ­

fo rc e d , i . e . ,  a  b a r  p r e s s  fo llo w ed  by an approach  to  th e  d ip p e r .  A much 

s tro n g e r  c a s e  cou ld  be  made f o r  such a h y p o th e s is ,  o f  c o u rs e ,  i f  d a ta  

r e f l e c t i n g  th e  fre q u e n c y  and s e q u e n t i a l  n a tu re  o f  d ip p e r  ap p ro ac h es  

were a v a i l a b l e .

I f  su ch  d a ta  w ere a v a i l a b l e ,  and d id  r e v e a l  th e  p e r s i s t e n c e  o f  such 

seq u en ce s , i t  would s u p p o r t th e  argum ent th a t  c a u d a te  r a t s  te n d  to  

r e p e a t  th o s e  re s p o n s e s  w hich a r e  c lo s e r  in  tim e o r  sp ace  to  th e  p re s e n ­

t a t io n  o f  a  te rm in a l  p rim ary  r e i n f o r c e r .  T hat i s ,  th e  more c o n tig u o u s  

a re sp o n se  w ith  p rim ary  re in fo rc e m e n t th e  more p ro b a b le  th a t  a  c a u d a te  

le s io n e d  r a t  would p e r s i s t  in  th e  em iss io n  o f  t h a t  r e s p o n s e . T h is  cou ld  

be i n t e r p r e t e d  e i t h e r  in  te rm s o f  in c re a s e d  e f f e c t iv e n e s s  o f th e  te rm in a l  

r e i n f o r c e r ,  o r  a f a i l u r e  to  o c c a s io n  " o th e r"  b e h a v io r  due to  a  w eakening 

o f  c o n t r o l  e x e rc is e d  by c o n d itio n e d  r e in f o r c e r s  i n  p ro p o r t io n  to  t h e i r  

degree  o f  d i s c o n t ig u i t y  w ith  p rim ary  re in fo rc e m e n t .

Both i n t e r p r e t a t i o n s  a r e  a d m itte d ly  s p e c u la t iv e  and p ro b le m a tic .  

In c re a s e s  i n  th e  la te n c y  o f  th e  f i r s t  re sp o n se  in  re in fo rc e m e n t p e r io d s  

shown by a n t e r i o r  r a t s ,  f o r  exam ple , cou ld  r e f l e c t  e i t h e r  an in c r e a s e  o r  

a d e c re a se  in  r e i n f o r c e r  " e f f e c t i v e n e s s . "  I f  in c re a s e d  l a t e n c i e s  cou ld  

be d em o n stra ted  to  in v o lv e  in c re a s e d  tim e sp e n t in  l i c k in g  and s n i f f i n g  

about th e  d ip p e r  a r e a  t h i s  w ould s u p p o r t a r e in f o r c e r  " e f f e c t iv e n e s s "



h y p o th e s is .  On th e  o th e r  h an d , in c r e a s e s  in  d u r a t io n  o f  p o s t r e in f o r c e ­

ment p au ses  on FR sc h e d u le s  a re  t r a d i t i o n a l l y  a s s o c ia te d  w ith  d e c re a se d  

r e in f o r c e r  e f f e c t iv e n e s s  r e s u l t i n g  from s a t i a t i o n  (Sidman and S te b b in s ,  

1954). A lso , E xperim ent I  found t h a t  b o th  a n t e r i o r  and p o s t e r i o r  cau­

d a te  r a t s  showed d e c re a se s  i n  w a te r  consum ption fo llo w in g  s u r g e r y , and 

such  an o b s e rv a tio n  i s  n o t  c o n s i s te n t  w ith  th e  c o n te n tio n  th a t  c a u d a te  

le s io n s  in c re a s e  r e in f o r c e r  e f f e c t iv e n e s s .

I t  i s  w o rth  d ig r e s s in g  a t  t h i s  p o in t  to  rem ark th a t  a lth o u g h  th e  

absence  o f  a sham o p e ra te d  c o n t ro l  in  E xperim ent I  p re v e n ts  a t t r i b u t i n g  

th e  d e c re a se d  w a te r  consum ption to  c a u d a te  damage as opposed to  s u r g i ­

c a l  trau m a , s im i l a r  d e c re a se s  in  w a te r  consum ption  w ere re p o r te d  by 

W h i t t ie r  and O rr (1 9 6 2 ). In fo rm a l o b s e rv a tio n s  made d u rin g  Experim ent 

I  in d ic a te d  th a t  in  th e  c a se s  o f two o f  th e  a n t e r i o r  r a t s  d e c re a se d  

w a te r  consum ption  in v o lv e d  m otor "aw kw ardness" in  ap p ro ach in g  th e  d r in k ­

in g  d e v ic e s .  W h i t t i e r  and O rr made s im i l a r  o b s e rv a tio n s  and s in c e  t h e i r  

le s io n s  co rresp o n d ed  more c lo s e ly  i n  p lacem en t to  th e  a n t e r i o r  le s io n s  

in  th e  p r e s e n t  s tu d y  i t  i s  c o n c e iv a b le  t h a t  th e  a n t e r i o r  c a u d a te , o r  

f i b e r s  o f  p a s s a g e , a re  in v o lv e d  in  th e  m o to ric  com ponents o f  d r in k in g  

a n d /o r  fe e d in g  b e h a v io r .  T h is  a p p e a rs  to  be w orthy  o f f u r th e r  i n v e s t i ­

g a t io n  in  view  o f  th e  p o s s ib le  p a r t i c i p a t i o n  o f  th e  n i g r o s t r i a t a l  p a th ­

way in  th e  re p ro d u c t io n  o f  th e  l a t e r a l  h y p o th a lam ic  syndrome 

(F itz s im o n s , 1972).

In  a d d i t io n  to  p o s s ib le  changes in  r e in f o r c e r  e f f e c t iv e n e s s  i t  was 

a l s o  p o s tu la te d  t h a t  th e  p e r s i s t e n c e  o f  c e r t a i n  re sp o n se s  o r  re sp o n se  

seq u en ces  by ca u d a te  r a t s  m igh t be  d e s c r ib e d  in  te rm s o f  a w eakening o f 

c o n t ro l  e x e rc is e d  by c o n d itio n e d  r e in f o r c e r s  te m p o ra lly  o r  s p a t i a l l y  

d is c o n tig u o u s  w ith  a te rm in a l  p rim ary  r e in f o r c e r .  Such a  c o n t ig u i ty



h y p o th e s is  i s  a t t r a c t i v e  by v i r t u e  o f  i t s  s i m i l a r i t y  to  th e  p o s i t i o n  

advanced by F rench  (1964) c o n c e rn in g  th e  r o l e  o f  " a s s o c ia t io n "  i n  f ro n ­

t a l  lo b e  f u n c t io n  in  monkeys. F rench  argued  th a t  f r o n t a l  lo b e  damage 

appea red  to  im p a ir  a m onkey 's a b i l i t y  to  d e a l  w ith  d i s c o n t ig u i t y .  I f  

i t  co u ld  be d em o n stra ted  th a t  a s im i la r  im pairm ent r e s u l t e d  from  damage 

to  th e  r a t  c a u d a te ,  t h i s  would be  c o n s is te n t  w ith  D iv a c 's  (1968b) hy­

p o th e s is  th a t  th e  c a u d a te  n u c le u s  o f  sp e c ie s  such as th e  r a t  s u b se rv e s  

f u n c t io n s  s im i l a r  to  th e  c o r te x  o f  " h ig h e r"  s p e c ie s .  I f  th e  c o n t ig u i ty  

h y p o th e s is  has m e r i t ,  i t  i s  c o n c e iv a b le  t h a t  s tim u lu s  c o n t ig u i ty  r a th e r  

th an  m o d a lity  i s  more c r i t i c a l  to  a b e h a v io ra l  a n a ly s i s  o f  c a u d a te  fu n c­

t io n .  In d e e d , s in c e  th e  c au d a te  n u c le u s  r e c e iv e s  f i b e r s  from  v i r t u a l l y  

a l l  s e n s o ry  c o r t i c e s  and h a s  a com parably l im i te d  o u tp u t ,  i t  w ould seem 

a n a to m ic a lly  w e l l  s i t u a t e d  fo r  su ch  a m o d a lity  n o n - s p e c i f ic  fu n c t io n  

(D ivac , 1968; Kemp and P o w e ll, 1970 ).

W hile  th e  c o n t ig u i ty  h y p o th e s is  j u s t  o u t l in e d  a p p e a rs  more a t t r a c t ­

iv e  th a n  th e  r e in f o r c e r  e f f e c t iv e n e s s  h y p o th e s is ,  b o th ,  a s  p r e v io u s ly  

s t a t e d ,  a r e  s p e c u la t iv e  i n  th e  a b sen ce  o f d i r e c t  e m p ir ic a l  s u p p o r t from 

p re s e n t  d a ta .  However, b o th  h y p o th e se s  le n d  th em se lv es  to  experim en­

t a l  a n a l y s i s .  R e in fo rc e r  e f f e c t iv e n e s s  co u ld  b e  f u r th e r  e x p lo re d , f o r  

exam ple, th ro u g h  th e  u se  o f  p ro g re s s iv e  r a t i o  sc h e d u le s  a s  em ployed by 

Hodos (1 9 6 1 ). The w eakening  o f c o n t ro l  o ver b e h a v io r  by c o n d itio n e d  

s t im u l i  i n  p ro p o r t io n  to  d eg ree  o f  d i s c o n t ig u i ty  from p rim a ry  r e in f o r c e ­

ment m ig h t be s tu d ie d  th ro u g h  th e  u se  o f c h a in  sc h e d u le s  (K e lle h e r  and 

G o llu b , 1962; K e l le h e r ,  19 6 6 ). The l a t t e r  ty p e  o f I n v e s t i g a t io n  m ight 

be  p a r t i c u l a r l y  f r u i t f u l  i f  c a r r i e d  ou t in  c o n ju n c tio n  w ith  tandem  

sc h e d u le s  in  view  o f t h e i r  r e l a t i o n  to  mixed sc h e d u le s  ( i . e . ,  th e  la c k  

o f  e x te r o c e p t iv e  d i s c r im in a t iv e  s t i m u l i ) .



C oncluding  Remarks

Due to  th e  f a c t  t h a t  E xperim ent I  d id  n o t  p ro v id e  ru n  le n g th  d a ta  

w hich could  be  d e s c r ib e d  by W eb er's  Law, and a ls o  f a i l e d  to  show a 

le s i o n  e f f e c t ,  th e  p o s i t i v e  r e s u l t s  from E xperim en t I I  c an n o t be  c h a r­

a c te r i z e d  in  te rm s o f  an  i n a b i l i t y  to  d i s c r im in a te  o r  o th e rw is e  use  r e ­

sp o n se  produced s t i m u l i .  However, s in c e  th e  c o n t in g e n c ie s  in h e re n t  in  

th e  Mix FR DRO sc h e d u le  d id  n o t m axim ize ru n  le n g th  d i f f e r e n t i a t i o n ,  

th e  i s s u e  in  g e n e ra l  rem ains open .

The f in d in g  o f E xperim ent I I ,  th a t  r a t s  w ith  a n t e r i o r  c a u d a te  l e ­

s io n s  em it more re sp o n se s  d u rin g  th e  DRO component o f  a Mix FR 1 DRO 

s c h e d u le ,  a g re e s  w ith  p re v io u s  s tu d ie s  o f  s c h e d u le  r e t e n t io n  in  b o th  cau ­

d a te  le s io n e d  r a t s  and monkeys. T h is f in d in g  was n o t c h a r a c te r i z e d  as  

e i t h e r  a lo s s  o f  re sp o n se  i n h i b i t i o n  o r o f  memory. In  th e  i n t e r e s t s  o f  

an e x p e r im e n ta l b e h a v io ra l  a n a ly s i s  o f b r a in  f u n c t io n ,  a p p e a ls  to  such  

p ro c e s s e s  sh o u ld  be r e s t r i c t e d  to  th o se  e x p e r im e n ta l  p ro c e d u re s  w hich 

g iv e  them o p e r a t io n a l  c re d e n c e . F u rth e rm o re , th e  f a c t s  t h a t  in c re a s e d  

DRO re sp o n d in g  was c h a r a c te r iz e d  by in c r e a s e s  in  th e  number o f  ru n s  more 

th a n  by in c r e a s e s  in  th e  number o f  re sp o n se s  p e r  ru n ,  and t h a t  b o th  p o s t 

DRO and p o s t FR l a t e n c i e s  in c re a s e d  p o s t o p e r a t i v e l y ,  a rg u e  a g a in s t  

any i n t e r p r e t a t i o n  in  term s o f  s im p le  p e r s e v e r a t io n  o f  r e in f o r c e d  

r e s p o n s e s .

F o r th e  p r e s e n t ,  an  i n t e r p r e t a t i o n  o f th e  l e s io n  e f f e c t  in  E x p e ri­

ment I I  in  te rm s o f red u ced  c o n t r o l  by c o n d it io n e d  r e in f o r c e r s  over 

th e  o c c a s io n in g  o f  " o th e r "  b e h a v io r ,  o r an  i n a b i l i t y  to  d e a l  w ith  d i s ­

c o n t ig u i ty  a p p e a rs  to  b e  a f r u i t f u l  avenue f o r  f u r t h e r  e x p lo r a t io n .
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TABLE A

S equences Used to  Program  A lte rn a t io n  o f  DRO and 

R ein fo rcem en t P e r io d s  on th e  Mix FR DRO Schedule*

Top Bank o f S te p p in g  Sw itch

G ellerm an #2 0 0 0 1 1 O i l 0 1 0 ( to  s e r i e s  #6 )

G ellerm an #10 0 0 1 1 1 0 0 0 1 1 1

G ellerm an #7 0 0 1 1 0 O i l 0 1 1

Bottom Bank o f S tep p in g Sw itch

G ellerm an #5 0 0 1 0 1 1 1 0 0 1 0 ( to  s e r i e s  #7)

G ellerm an #4 0 0 1 0 1 1 0  0 1 1 1

G ellerm an #6 0 0 1 1 0 0 1 0 1 1 0

*Each "0" r e p r e s e n ts a  DRO p e r io d  and each "1 " an FR p e r io d .  The f i r s t
te n  d i g i t s  i n  each  row a r e  s e r i e s  ta k e n  from  G ellerm an (1933) as  in d ic a te d .  
S e r ie s  #10 was m o d ified  such  th a t  s te p s  8 and 9 a r e  re v e rs e d  from  th e  
o r i g i n a l .  T h is  was done so t h a t  th e  p r o b a b i l i t i e s  o f  DRO fo llo w in g  DRO,
DRO fo llo w in g  FR, FR fo llo w in g  DRO, and FR fo llo w in g  FR would be 
ap p ro x im a te ly  e q u a l .  In  a l l  c a se s  th e s e  p r o b a b i l i t i e s  w ere e i t h e r  
0 .4 8  o r  0 .5 0 . The 1 1 th  p o s i t i o n  in  each  row was w ire d  to  conform  b o th  
w ith  th e  d e s ig n  o f  th e  s te p p in g  sw itc h  ( i . e . , to  p e rm it s w itc h in g  o f  
ground from  to p  to  bo ttom  bank and back  a g a in ) ,  and to  m a in ta in  th e  
in d ic a te d  p r o b a b i l i t i e s .  Each s e s s io n  s t a r t e d  a t  th e  b e g in n in g  o f  a 
s e r i e s  ( le f tm o s t  p o s i t io n )  w ith  th e  s t a r t i n g  row c o u n te rb a la n c e d  o v er 
s e s s io n s .



TABLE B

E s tim a te s  o f  P e rc e n t C audate T is su e  D estro y ed  and 

A n te r io r  and P o s t e r io r  B i l a t e r a l  E x te n t o f  L es io n s

Rat P e rc e n t E x te n t o f L esion*
and T issu e L e f t S id e R ig h t S id e
Group D estroyed+ A n te r io r P o s te r io r A n te r io r P o s te r io r

A n te r io r

39 5A 44% 4 .0 2 .0 4 .0 2 .0

405A 14% 4 .0 2 . 0 4 .2 2 .0

414A 15% 4 .4 0 . 8 4 .4 0 . 8

416A 9% 3 .6 2 . 0 4 .0 2 .4

P o s te r io r

396P 7% 1 . 6 - 0 .4 0 . 8 - 0 .4

400P 14% 2 . 2 0 .4 1 . 6 0 .4

402P 6 % 0 . 6 - 1 . 0 0 . 6 - 1 .0

410P 17% 0 . 8 - 1 . 2 0 . 8 - 1 . 2

415P 1 2% 1 . 0 - 1 . 0 1 . 2 0 . 8

*A11 s t e r e o t a x i c  c o o rd in a te s  a r e  r e l a t i v e  to  bregm a, a t l a s  o f  P e l le g r in o  
and Cushman (1967 ).

+ R efe rs  to  p e rc e n t t i s s u e  d e s tro y e d  w ith in  t h a t  a re a  o f  c a u d a te  c o n ta in in g  
th e  l e s i o n j n o t t o  p e rc e n t o f  t o t a l  c a u d a te .
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TABLE C

T o ta l  Number o f  Responses P e r DRO P e r io d :  Means and

S ta n d a rd  D e v ia t io n s  f o r  th e  L a s t  Ten S e ss io n s  a t  Each 

L eve l o f  th e  F ixed  R a tio  R equirem ent

Rat __________  Fixed Ratio Requirement
and
Group

FR 1 
M

( 1s t )
SD

FR 1 
M

( 2nd)
SD

FR 4
M SD

FR 8 
M SD

FR 16 
M SD

A n te r io r  

395A 2 .6 1 .6 1 . 8 1 .3 11 .7 8 . 6 2 1 .1 14 .3 2 9 .3 15 .6

405A 7.3 7.3 2 .9 2 .3 1 7 .8 13 .2 1 6 .8 9 .5 1 4 .2 13. 7

414A 10 .0 7.6 5 .0 3 .3 18 .4 10 .3 30 .9 16.9 5 5 .0 3 8 .3

416A 2 .8 1 .6 ----- ----- 7 .7 4 .0 15 .7 7 .7 ------- -------

Mean 5.7 4 .5 3 .2 2 .3 13 .9 9 .0 2 1 . 1 1 2 .1 3 2 .8 22 .5

P o s te r io r  

396P 2 .8 2 .3 3 .3 2 .5 8 .5 4 .1 15 .0 9 .3 2 8 .7 13 .6

40 OP 2.7 2 .1 2 .9 1 . 8 10 .4 5 .2 1 2 .5 4 .8 2 2 .3 9 .1

402P 2 .0 1 . 8 1 .9 1 .9 9 .1 3 .7 1 4 .8 6 . 6 2 4 .2 9 .3

410P 1 .3 0 . 6 1 .7 1 . 2 7 .8 3 .5 1 2 .4 5 .6 2 2 .5 1 2 .6

415P 2.2 1 .1 2 .5 1 .5 9 .9 6 .5 14 .7 9 .0 3 3 .1 18 .0

Mean 2 .2 1 .6 2 .5 1 . 8 9 .1 4 .6 13 .9 7 .0 2 6 .2 12 .5

Normal 

39 7N 4 .8 3 .7 4 .8 4 .1 1 2 .4 9 .7 28 .0 35 .5 4 8 .0 29 .8

39 8N 3.3 2 .5 2 . 0 1 .6 1 4 .7 8 . 0 1 9 .5 1 0 .3 2 8 .7 20 .4

40 3N 2 .5 1 .7 3 .1 1 .9 7 .9 4 .6 15 .6 6 . 1 3 5 .1 2 0 .1

407N 2 .2 1 .5 2 .5 1 . 8 9 .4 3 .3 1 4 .3 4 .8 2 5 .2 12 .4

412N 1.4 0 . 8 1 .9 1 .7 7 .8 3 .8 1 4 .4 7 .5 2 5 .6 13 .1

Mean 2 .8 2 . 0 2 .9 2 .2 1 0 .4 5 .9 1 8 .4 1 2 .8 3 2 .5 1 9 .2
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TABLE D

Number o f  Runs P e r DRO P e r io d : Means and S tan d a rd

D e v ia tio n s  f o r  th e  L a s t Ten S e ss io n s  a t  Each L eve l 

o f  th e  F ixed  R a tio  R equirem ent

Rat __________________________ F ixed  R a tio  R equirem ent
and
Group

FR 1 
M

( 1 s t )
SD

FR 1 
M

( 2nd)
SD

FR 4 
M SD

FR 8 
M SD

FR 16
M SD

A n te r io r  

39 5A 1 .5 1 . 0 1 .4 0 . 8 2 . 6 2 . 0 2 .7 2 .7 1 . 8 1 .2

40 5A 2 . 8 2 .5 1 . 6 1 . 1 2 . 0 1 .5 2 .0 1 . 2 5 .7 5 .1

414A 3 .7 2 .5 2 .2 1 .5 2 .7 1 .5 1 .7 0 .9 2 .3 1 .9

416A 1 .5 0 .9 ----- ----- 1 .4 0 .9 1 .4 0 . 8 ----- -----

Mean 2 .4 1 .7 1 .7 1 . 1 2 . 2 1 .5 2 . 0 1 .4 3 .3 2 .7

P o s te r io r  

396P 2 .0 1 . 8 1 .2 0 .5 1 .4 1 . 0 2 .3 1 .7 1 . 8 1 .0

400P 1 .6 1 .3 1 .2 0 . 6 1 .4 0 .9 1 . 1 0 .4 1 .3 1 . 0

402P 1 .5 1 .4 1 . 1 0 .4 1 .2 0 .5 1 .3 0 . 6 1 .3 0 . 6

410P 1 .6 0 .5 1 .2 0 . 6 1 .3 0 . 6 1 .5 0 .9 1 . 6 1 . 1

415P 1 .3 0 . 6 1 .3 0 . 7 1 . 8 1 .3 1 .5 1 . 0 1 . 6 1 .1

Mean 1 . 6 1 . 1 1 . 2 0 . 6 1 .4 0 .9 1 .5 0 .9 1 .5 1 .0

Normal 

39 7N 2 .4 1 .9 1 .9 1 .5 3 .2 3 .6 6 .3 1 3 .8 4 .1 3 .6

39 8N 2 . 2 1 . 6 1 . 2 0 .5 2 .2 1 .9 2 . 2 1 .4 1 .7 1 .2

403N 1 . 6 1 . 0 1 .4 0 .7 1 .4 0 . 8 1 .3 0 . 6 3 .5 2 .5

407N 1 . 6 1 . 0 1 .4 0 .7 1 .4 0 .7 1 .2 0 .5 1 . 6 0 .9

412N 1 .3 0 .7 1 .3 0 . 8 1 .4 0 . 8 1 .5 0 . 8 1 .3 0 . 8

Mean 1 . 8 1 . 2 1 .4 0 . 8 1 .9 1 . 6 2 .5 3 .4 2 .4 1 . 8
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TABLE E

I n i t i a l  Run L eng ths in  DRO P e r io d s : Mean and S tan d a rd

D e v ia tio n s  f o r  th e  L a s t Ten S e ss io n s  o f Each L evel o f 

th e  F ixed  R a t io  R equirem ent

Rat __________________________ Fixed R a tio  R equirem ent
and
Group

FR 1 
M

( 1s t )
SD

FR 1
M

( 2nd)
SD

FR 4 
M SD

FR 8 
M SD

FR 16
M SD

A n te r io r  

395A 2 .0 1 .1 1 .4 0 . 8 6 .5 3 .7 11 . 7 5 .0 21.9 11 .7

405A 3.1 2 .4 2 . 0 1 . 0 1 1 .0 5 .1 1 0 .9 4 .0 2 .6 2 .1

414A 2 .4 2 .5 2 .5 1 . 8 9 .4 7 .1 2 2 .5 8 .7 36.8 13 .2

416A 2 .2 1 . 0 ----- ----- 6 .5 2 .4 1 2 .9 6 . 1 ------- -------

Mean 2 .4 1 . 8 2 . 0 1 .2 8 .4 4 .6 1 4 .5 6 . 0 20 .4 9 .0

P o s te r io r  

396P 1 .7 0 . 8 2 .7 1 .7 7 .3 2 .4 1 0 . 0 6 . 0 20.9 1 0 .5

400P 1 . 8 0 .9 2 . 6 1 .3 8 .7 3 .1 1 2 . 0 4 .2 19 .4 6 . 0

402P 1 .4 0 . 6 1 .7 1 .7 8 .4 3 .1 1 3 .3 4 .6 21 .3 6 .5

410P 1 . 1 0 . 2 1 .4 0 .7 7 .0 2 .3 9 .9 3 .6 1 6 .8 1 0 .6

415P 1 .9 0 . 8 2 . 2 0 .9 7 .3 3 .1 1 1 .9 4 .2 26 .6 1 1 .6

Mean 1 . 6 0 .7 2 . 1 1 .3 7 .7 2 . 8 1 1 .4 4 .5 2 1 .0 9 .0

Normal 

39 7N 2 .4 1 . 2 3 .0 1 .9 7 .5 3 .1 1 4 .4 5 .9 22. 7 15 .7

39 8N 1.7 0 .9 1 .7 1 .4 1 1 . 1 3 .8 1 4 .6 5 .6 2 2 .8 9 .8

40 3N 1 . 8 0 . 8 2 .4 1 .1 6 .3 2 .5 1 3 .4 3 .4 15 .7 1 0 .6

407N 1 .6 0 . 8 1 .9 1 . 2 8 .5 2 .4 1 3 .3 2 . 8 22. 7 9 . 5

412N 1 . 0 0 . 2 1 .5 1 .0 6 . 6 2 . 6 1 2 . 0 3 .8 2 1 .8 7.9

Mean 1 .7 0 . 8 2 . 1 1 .3 8 . 0 2 .9 1 3 .5 4 .3 2 1 .1 10 .7
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TABLE F

Mean T o ta l  Number o f  Responses E m itted  P e r  DRO 

P e r io d  f o r  F i r s t  F iv e  S e s s io n s  a t  Each L eve l 

o f  th e  F ixed  R a t io  R equirem ent

Rat and R a t io  Requirement
Group FR 1 ( 1 s t )  FR 1 (2nd) FR 4 FR 8 FR 16

A n te r io r

39 5A 1 3 .1 8 . 6 1 7 .0 17.8 29.3

405A 14 .5 13 .2 14 .2 24.0 29.6

414A 1 2 .5 23 .6 34 .8 50.2 15 .3

416 A 7 .3 N. A. 14 .7 16.0 15.4

Mean 11.9 15 .3 2 0 .2 27.0 22.4

j s t e r i o r

39 6P 1 0 .7 1 0 .8 7.0 11 .6 32.4

400P 5 .0 7.6 11.9 17.0 27 .1

402P 8 .9 1 1 .6 9 .8 19.2 31.7

410P 7 .1 7 .7 1 3 .1 12.4 24.2

415P 7 .4 9 .8 1 1 .3 13.6 25.7

Mean 7 .8 9 .3 1 0 .6 14.8 28.2

jrm al

39 7N 16 .5 1 3 .8 2 0 .0 48.9 37.2

39 8N 1 1 .6 8 .0 18 .6 22.7 42.3

403N 9 .0 11 .9 10 .7 13 .7 19 .0

407N 9 .2 9 .0 12 .9 14 .8 2 1 .6

412N 5 .3 7.7 1 0 . 1 13.4 28 .6

Mean 1 0 .3 1 1 .5 1 4 .5 22.7 29.7
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TABLE G

Mean Number o f  Runs Per DRO P e r io d  f o r  F i r s t  F ive  

S e ss io n s  a t  Each Level o f  t h e  F ixed R a t io  Requirem ent

Rat and 
Group FR 1 ( 1 s t )

R a t io  Requirem ent 
FR 1 (2nd) FR 4 FR 8 FR 16

A n te r io r

39 5A 8 . 1 3.6 6 .3 2 .8 3.7

405A 4 .3 4.6 3 .8 1.9 3 .4

414A 6 .7 2 .6 6 .3 3.3 4 .1

416A 3 .7 N.A. 5 .5 4 .4 4 .5

Mean 5 .7 3.6 5 .5 3.1 3.9

P o s t e r i o r

39 6P 6 .9 3.5 3.3 2 .1 3.0

400P 3 .0 1.4 5 .3 1 .6 2 .3

402P 6 .3 2 .0 2 .2 5.9 6.9

410P 5 .8 2.3 6 .3 1.9 1 .8

415P 5 .1 1.7 3.5 1.9 1 .9

Mean 5 .4 2 .2 4 .1 2 .7 3 .2

Normal

39 7N 8 .3 2.5 5 .8 6 .2 9 .3

39 8N 8 . 0 2.3 5 .5 3.6 6 .5

403N 5 .3 2.4 2 .8 2 .1 2 .5

40 7N 6 . 2 2 .0 2 .0 1 .4 2 .6

412N 4 .6 1 .8 3 .0 1 .4 2 .2

Mean 6 .5 2 .2 3.8 2.9 4 .6
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TABLE H

Mean Number o f  R esponses E m itted  In  Each I n i t i a l  

Run in  DRO P e r io d  f o r  th e  F i r s t  F iv e  S e s s io n s  a t  

Each Level o f  th e  FR Requirem ent

Rat and R a t io  Requirem ent
Group FR 1 ( 1 s t )  FR 1 (2nd) FR 4 FR 8 FR 16

A n te r io r

39 5A 1.9 3 .9 5 .1 10 .5 10.7

405A 4 .8 3 .2 3 .7 15.7 11.4

414A 2 .6 9 .1 8 .0 15 .1 24.4

416 A 2.5 N.A. 4 .9 8 .2 13.2

Mean 3.0 5 .4 5 .4 12 .4 14.9

a s t e r i o r

39 6P 2 .2 5 .1 4 .7 8 .5 2 0 .0

400P 2 .2 6 . 1 3.9 13 .8 21 .3

402P 1 .7 7 .6 6 .7 1 1 .0 14.1

410P 1 .3 3 .8 2 . 8 9 .9 16.9

415P 1.9 6 .9 6 .4 1 1 .3 20.3

Mean 1.9 5 .9 4 .9 10.9 18 .5

jrmal

39 7N 2.5 9 .3 1 1 .3 14.5 19 .1

39 8N 1 .8 5 .5 1 0 .3 14.9 14 .6

403N 2 .0 5 .8 5 .9 9 .7 2 .5

407N 2 .2 5 .4 9 .9 13 .7 12 .5

412N 1 .2 5 .4 4 .8 11 .7 2 0 .0

Mean 1.9 6 .3 8 .4 12.9 13 .7



FIG. A. M i l l i l i t e r s  o f  w a te r  consumed p e r  k i lo g ram  o f  body w e igh t 

f o r  i n d i v id u a l  r a t s  o v e r  f i v e  days b e f o r e  and e i g h t  days fo l lo w in g  s u r ­

gery  in  Experim ent I .  D o tted  l i n e  i n d i c a t e s  day o f  s u rg e ry  d u r in g  which 

w a te r  consum ption m easures w ere n o t  ta k e n .
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FIG. B. Cage t i l t s  p e r  m inu te  o v e r  days in  b o th  l i g h t  and dark  

c o n d i t io n s  f o r  i n d i v i d u a l  r a t s .  A c t i v i t y  m easures  were ta k e n  a t  end 

o f  t e s t i n g  on a l l  Mix FR DRO s c h e d u le s  i n  Experim ent I ,  a p p ro x im a te ly  

11 months fo l lo w in g  s u r g e r y .
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FIGS. C -  P. A d d i t io n a l  c u m u la tiv e  r e c o r d s  of p e rfo rm ance  from 

s e s s i o n s  1 , 3, 6 , 16, and 26 a t  FR l e v e l s  1 ( f i r s t  d e t e r m i n a t i o n ) ,  4 ,  

and 1 6 ,  o f  th e  Mix FR DRO s c h e d u le .  S ca le  i s  the  same a s  t h a t  fo r  

c u m u la t iv e  r e c o rd s  in  t e x t  (F ig s .  14 -  18)
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FIGS. Q, R, and S. Mean t o t a l  re sp o n s e s  f o r  e v e ry  t h i r d  s e s s i o n  

f o r  each  an im al a t  th e  FR 4 , 8 and second d e t e r m in a t io n  o f  FR 1 l e v e l  

o f  th e  Mix FR DRO s c h e d u le .  Each d a t a  p o in t  r e p r e s e n t s  th e  s e s s i o n  mean 

o f  th e  t o t a l  number o f  re s p o n s e s  e m i t te d  d u r in g  each  DRO p e r io d .
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FIGS. T, U, and V. Mean number o f  ru n s  in  i n i t i a l  ru n  i n  DRO 

f o r  each an im al a t  th e  FR 4 , 8 and second d e t e r m in a t io n  o f  FR 1 

l e v e l  o f  th e  Mix FR DRO s c h e d u le .  Each d a t a  p o in t  r e p r e s e n t s  th e  

s e s s i o n  mean o f  th e  t o t a l  number o f  re sp o n s e s  e m i t t e d  d u r in g  each 

DRO p e r io d .
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FIGS. W, X, and Y. Mean number o f  re sp o n se s  p e r  i n i t i a l  ru n  in  

DRO f o r  each an im al a t  th e  FR 4 , 8 and second  d e te rm in a tio n  o f FR 1 

le v e l  o f  th e  Mix FR DRO s c h e d u le ,  Each d a ta  p o in t  r e p r e s e n ts  th e  

s e s s io n  mean o f  th e  t o t a l  number o f re sp o n se s  e m itte d  d u rin g  each  

DRO p e r io d .
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APPENDIX I I



TABLE I

E s tim a te s  o f  P e rc e n t  C audate T issu e  D es tro y ed , and 

A n te r io r  and P o s t e r io r  B i l a t e r a l  E x te n t o f  L esio n s

Rat P e rc e n t E x ten t o f L esion*
and T is s u e L e f t S id e R igh t S ide
Group D estroyed+ A n te r io r P o s te r io r A n te r io r P o s te r io r

A n te r io r

184 2 1 % 4.2 1 .0 4 .0 1 .0

189 16% 4 .6 2 .0 3 .8 1 .4

191 16% 4 .6 3.0 4 .2 1 .2

195 17% 4 .2 1 . 8 3 .0 0 . 8

197 14% 4 .0 2 .2 3 .6 1 .4

P o s te r io r

190 11% 2 .0 0 . 8 1 .4 0 . 0

193 1 1 % 0 . 6 - 0 . 8 1 .4 - 0 . 2

*A11 s t e r e o t a x i c  c o o rd in a te s  shown a r e  r e l a t i v e  to  bregm a; a t l a s  o f  
P e l le g r in o  and Cushman (1 9 6 7 ).

+ R efers  to  p e rc e n t  t i s s u e  d e s tro y e d  w i th in  t h a t  a r e a  o f  c a u d a te  c o n ta in in g  
th e  l e s i o n ;  n o t  to  p e r c e n t  o f  t o t a l  c a u d a te .



183.

TABLE J

Mean Total Responses Per DRO Period for Each Animal

Over the Last Five Pre-Operative, First and Last Five

Post-Operative Sessions of Experiment II

__________________ S e ss io n s_________________________
P re -O p e ra tiv e ________________ P o s t-O p e ra tiv e

R at and Group 1 1 - 1 5  1 - 5  1 1 - 1 5

A n te r io r

184 1 .7 7 .4 5 .1

189 2 .3 6 .4 4 .7

191 8 .2 6 .5 4 .8

195 2 .4 5 .3 3 .6

197 2 . 2 3 .2 2 .9

Mean 3 .4 5 .7 4 .2

P o s te r io r

190 2 . 0 2 . 2 1 . 2

193 2 .3 3 .7 1 .7

Mean 2 . 2 3 .0 1 .5

Normal

186 1 . 6 1 .7 1 . 2

188 3 .0 2 . 2 2 . 2

312 1 .9 2 . 2 1 .4

313 1 .5 1 .5 1 .3

314 2 .4 2 . 0 1 .3

315 2 .5 2 .9 2 .4

318 3 .1 2 .5 2 . 2

Mean 2 .3 2 . 1 1 .7
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TABLE K

Mean Number of Runs Per DRO Period for Each Animal Over

the Last Five Pre-Operative, First and Last Five Post-

Operative Sessions in Experiment II

Rat and Group

S ess io n s
P re -O p e ra tiv e

11 -  15
P o s t-O p e ra tiv e

1 - 5 11 -  15

A n te r io r

184

189 

191 

195 

197 

Mean

P o s te r io r

190 

193 

Mean

Normal

186

188

312

313

314

315 

318 

Mean

1 .3  

1.6

4 .0  

1 . 8

2 .3  

2 . 2

1 . 2

1 .4

1 .3

1 .3  

2 . 6  

1.6  

1 . 2

2.1  

1.6

2 .3  

1.8

4 .4  

5 .1

4 .0

4 .5

2 .7

4 .1

1 .4  

2 . 0

1 .7

1 .4  

1 .9

1.6

1 .4

1 .7

1 .7  

2 . 0

1 .7

2 .7

3 .0

2 .7  

2 . 2

1 .7

2 .5

1.1 

1 .4

1 .3

1 .3

1.6  

1.1 

1 . 2

1 .3

1 .3  

1 .6

1 .3



185.

TABLE L

Mean Number of Responses Per Initial Run in DRO Periods

for Each Animal Over the Last Five Pre-Operative, First

and Last Five Post-Operative Sessions in Experiment II

S e ss io n s
P re -O p e ra tiv e P o s t-O p e ra tiv e

Rat and Group 11 -  15 1 - 5 11 -  15

A n te r io r

184 1 .4 1 .7 1 . 8

189 1 .5 1 .6 2 . 0

191 3 .3 2 . 1 2 . 2

195 1 .5 1 .5 1 .7

197 1 . 0 1 .3 1 . 8

Mean 1 .7 1 .6 1 .9

P o s te r io r

190 1 .7 1 .5 1 . 2

193 1 . 6 2 .0 1 . 2

Mean 1 .7 1 . 8 1 . 2

Normal

186 1 .3 1 .3 1 . 1

188 1 . 2 1 .2 1 .3

312 1 . 2 1 .5 1 .3

313 1 . 2 1 .0 1 . 1

314 1 . 1 1 .0 1 . 0

315 1 .7 2 .0 2 . 0

318 1 . 6 1 .3 1 .5

Mean 1 .3 1 .3 1 .3
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TABLE M

Median L a te n c ie s  o f  F i r s t  Response in  R ein fo rcem en t P e r io d s  F o llow ing  

R ein fo rcem en t and F o llo w in g  DRO fo r  Each Animal Over th e  L as t F ive  P re -  

O p e ra tiv e , F i r s t  and L a s t F iv e  P o s t-O p e ra tiv e  S e s s io n s . N um erals 

R ep resen t Lower L im it o f C la ss  I n t e r v a l  in  Seconds

S e ss io n s
R at P re -O p e ra tiv e Pos t-O p e ra t iv e
and 1 -  5 1 - 5 11 -  15
Group P o s t FR P o s t DRO P o st FR P o s t DRO P o st FR P o s t DRO

A n te r io r

184 4 .0 2 . 0 1 2 .0 3 .0 7 .0 3 .0

189 1 . 0 0 . 0 6 . 0 8 . 0 4 .0 2 .0

191 4 .5 0 . 0 4 .0 1 . 0 5 .0 1 . 0

195 1 . 0 1 . 0 3 .0 3 .0 4 .0 1 .5

197 1 . 0 0 . 0 3 .0 2 . 0 2 .0 1 . 0

Mean 2 .3 0 . 6 4 .0 3 .0 4 .2 2 . 0

P o s te r io r

190 4 .0 0 . 0 3 .0 0 . 0 2 .0 0 . 0

193 6 . 0 3 .0 4 .0 2 . 0 5 .0 1 .0

Mean 5 .0 1 .5 3 .5 1 . 0 3.5 0 .5

Normal

186 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 0 .5

188 1 . 0 1 . 0 0 . 0 1 . 0 1 .0 0 . 0

312 1 . 0 1 . 0 1 . 0 0 . 0 1 .0 0 . 0

313 4 .0 1 . 0 2 . 0 1 . 0 4 .0 1 . 0

314 2 . 0 0 . 0 0 . 0 0 . 0 0 .5 0 . 0

315 2 . 0 0 . 0 2 . 0 0 . 0 1 .0 0 . 0

318 1 . 0 0 . 0 1 . 0 0 . 0 1 .0 0 . 0

Mean 1 .7 0 .7 1 . 0 0 .4 1 .3 0 . 2
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