
INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films 

the text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any type of 

computer printer.

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print bleedthrough, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and continuing 

from left to right in equal sections with small overlaps.

ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 

800-521-0600

UMI'

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



NOTE TO USERS

Page(s) not included in the original manuscript 
are unavailable from the author or university. The 

manuscript was microfilmed as received.

Approval page; 
49&50

This reproduction is the best copy availabie.

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



VARI ABLE RATIO SCHEDULE CONTROL OF 

DI SPERSI ON IN A PATCHY ENVIRONMENT

MASTER OF ARTS -  THESI S DI SSERTATI ON

KARL SZUGALEW

LAKEHEAD UNI VERSI TY  

1989

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 ^ 1
National Library 
of Canada

Acquisitions and 
Bibtograpbic Services
305 WMinglon StTMt 
OOnwON K1A0N4 
Canadi

Bibliothèque nationale 
du Canada

Acquisitions et 
services bibliographiques
39S.n»VVMnglon 

lON K1A0T44

Yaurm vam irn im K t

Ovrik Nanimrnnœ

The author has granted a non­
exclusive licence allowing the 
National Library of Canada to 
reproduce, loan, distribute or sell 
copies of this thesis in microform, 
paper or electronic formats.

The author retains ownership of the 
copyri^t in this thesis. NeiÂer the 
thesis nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author’s 
permission.

L’auteur a accordé une licence non 
exclusive permettant à la 
Bibliothèque nationale du Canada de 
reproduire, prêter, distribuer ou 
vendre des copies de cette thèse sous 
la forme de microfiche/film, de 
reproduction sur papier ou sur format 
électronique.

L’auteur conserve la propriété du 
droit d’auteur qui protège cette thèse. 
Ni la thèse ni des extraits substantiels 
de celle-ci ne doivent être imprimés 
ou autrement reproduits sans son 
autorisation.

0-612-70813-6

CanadS
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



NOTE TO USERS

Page(s) not included In the original manuscript 
are unavailable from the author or university. The 

manuscript was microfilmed as received.

Approval page

This reproduction is the best copy available.

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



( i  )

TABLE OF CONTENTS

A b s t r a c t ................................................................................................... i i

I n t r o d u c t  i o n ...........................................................................................1

M e t h o d .........................................................................................................18

S u b j e c t s .............................................................................18

A p p a r a t u s ..........................................................................18

P r o c e d u r e ..........................................................................19

R e s u l t s ..................................................................................................... 21

Di  s cuss  i o n ............................................................................................. 30

R e f e r e n c e s ............................................................................................. 38

F i g u r e s ..................................................................................................... 43

T a b l e ...........................................................................................................6 8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



( i i )

ABSTRACT

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

a n i m a l s  a r e  c o n t r o l l e d  by t h e  d i s t r i b u t i o n  and abundance  

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

on o p t i m i z i n g  r e s o u r c e s  t h r o u g h  t h e  m a x i m i z a t i o n  o f  c o s t -  

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

an a l t e r n a t i v e ,  b u t  n o t  m u t u a l l y  e x c l u s i v e  a p p r o a c h .  

D i s p e r s i o n  p a t t e r n s ,  f o r a g i n g  p r o c e s s e s ,  and a n i ma l  

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

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

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

be c o n t r o l l e d  and e x p l a i n e d  by o p e r a n t  p r o c e d u r e s  and 

p r i n c i p l e s .  The s t u d y  was d e s i g n e d  t o  e x a mi n e  t h e  e f f e c t s  

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

d i s p e r s i o n  p a t t e r n s  o f  a c o l o n y  o f  8  ma l e  hooded r a t s  in 

an e n v i r o n m e n t  i n wh i c h  t h e  r e s o u r c e s  wer e  p a t c h i l y  

d i s t r i b u t e d .  The use o f  such f o o d  p a t c h e s  c o n s t i t u t e d  a 

u n i q u e  f e a t u r e  o f  t h i s  o p e r a n t  r e s e a r c h .  The 8  r a t  

p o p u l a t i o n  was e xp o s e d  t o  8  f e e d i n g  s t a t i o n s  in an o p e r a n t  

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

q u a n t i t y  o f  f o o d  p e r  d e l i v e r y .  The 8  d i s p e n s e r s  del i vered  

3 , 6 , 2 5 , 4 0 , 5 5 , 7 5 , 9 0 ,  and 105 p e l l e t s  r e s p e c t i v e l y .  Two 

d a i l y  f e e d i n g s  f o r  10 days  each u n d e r  VR3,  VR10,  VR20,  

VR40,  and VR80 s c h e d u l e s  o f  r e i n f o r c e m e n t  wer e  e mp l o y e d .  

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

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

p a t t e r n s  wh i c h  we r e  h i g h l y  u n s t a b l e  i n  n a t u r e .  A n a l y s i s  

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

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

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

e c o n o mi c s  has r e c e n t l y  e v o l v e d  due t o  a common 

i n t e r e s t  in t h e  s t u d y  o f  t h e  f o r a g i n g  b e h a v i o r  o f  

i n d i v i d u a l s  ( A b a r c a  and F a n t i n o  , 1982 ; B a u m , 1982 ;  

B e r n s t e i n , 1 9 8 1  ; C o l l i e r  and R o v e e - C o l 1 i e r , 1980 ;  

K i l l e e n ,  Smi t h  and Hans on,  19 8 1 ;  L e a , 1979 ;

M e l l g r e n ,  1982 ;  R a s h o t t e ,  O ' C o n n e l l  and B a i d l e r ,  

1 9 8 2 ) .  Or g a n i s ms  a r e  h o w e v e r  more l i k e l y  t o  f o r a g e  

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

d i s p e r s i o n  p a t t e r n s  ( Br own and O r i a n s ,  1 9 7 0 ;  Gai ns  

and M c C l e n a g h a n ,  1 9 8 0 ) .  The d i s p e r s i o n  o f  o r g a n i s ms  

has i m p o r t a n t  e f f e c t s  on p o p u l a t i o n  d y n a m i c s ,  po p u ­

l a t i o n  g e n e t i c s  and t h e  e v o l u t i o n  o f  s p e c i e s  ( Kr e bs  

and D a v i e s ,  1 9 7 8 ) .  I n a d d i t i o n ,  d i s p e r s i o n  may a c t  

as a mechan i s m by wh i ch  ge nes  e x t e n d  t h e i r  r a n g e  or  

s p e c i e s  c o l o n i z e  new a r e a s  ( W i e n s ,  1 9 7 6 ) .  The s t u d y  

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

many new a r e a s  o f  c u r r e n t  r e s e a r c h .

Wy n ne - Edwar ds  ( 1 9 6 2 )  d e f i n e d  d i s p e r s i o n  as 

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

d u a l s  w i t h i n  t h e  h a b i t a t s  t h e y  occupy  and t h e  p r o ­

c e s s e s  by wh i c h  t h i s  i s  b r o u g h t  a b o u t .  D i s p e r s i o n
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s h o u l d  be d i f f e r e n t i a t e d  f r o m d i s p e r s a l  wh i ch  r e f e r s  

t o  t h e  movement s  o f  o r g a n i s m s  r a t h e r  t h a n  t o  t h e i r  

p o s i t i o n s  ( J o h n s o n ,  1 9 6 1 ) .  T h e r e  a r e  t h r e e  b a s i c  

t y p e s  o f  d i s p e r s i o n  p a t t e r n s :  r e g u l a r ,  r andom,  or  

c l u mp ed  ( Br own and O r i a n s ,  1 9 7 0 ) .  I f  t h e  p o i n t s  a t  

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

a r e  spaced as f a r  a p a r t  f r o m each o t h e r  as p o s s i b l e ,  

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

The r andom p a t t e r n  o c c u r s  when t h e  p r o b a b i l i t y  of  

f i n d i n g  an o r g a n i s m  a t  one p o i n t  i s  t h e  same f o r  a l l  

o t h e r  p o i n t s .  When t h e r e  i s  a h i g h  p r o b a b i l i t y  o f  

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

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

s p a c e s ,  a c l u mp e d  d i s p e r s i o n  p a t t e r n  i s  o c c u r r i n g  

( Br own and O r i a n s ,  1 9 7 0 ) .  I d e n t i f y i n g  d i s p e r s i o n  

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

t o o l  b u t  k n o w l e d g e  o f  t h e  u n d e r l y i n g  mechan i sms  whi ch  

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

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

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

p a t t e r n s .  As G o l d s t e i n ,  J o h n s o n ,  and Ward ( 1 9 8 9 )  

p o i n t  o u t ,  t h e  dy n a mi c s  o f  o r g a n i z a t i o n  i n t o  a g g r e g a t e  

g r o u p s  r a i s e s  s e v e r a l  q u e s t i o n s  such a s :  Why has a 

s p e c i f i c  l o c a l e  a t t r a c t e d  an a g g r e g a t e ? ;  Why do t h e y
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l e a v e ? ;  What  d e t e r m i n e s  a g g r e g a t e  d e n s i t y ? ,  and why do 

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

s p e c i f i c  ways? The s t u d y  o f  o r g a n i s m  d i s p e r s i o n  p a t t e r n s  

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

T h e r e  i s  some d i s a g r e e m e n t  be t we e n  v a r i o u s  

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

d i s p e r s i o n .  E c o l o g i s t s  and e t h o l o g i s t s  ha ve  f o c u s e d  

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

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

d u r i n g  f o r a g i n g  ( G o s s - C u s t a r d , 1 9 7 7 ;  Smi t h  and Da w k i n s ,  

1 9 7 1 ;  Smi t h  and Swea t ma n ,  1 9 7 4 ;  Wat son and Moss,  1 9 7 0 ) .  

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

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

t h e  b e n e f i t s  o f  t h e i r  work t h r o u g h  an i n c r e a s e  in e n e r g y  

( i n  c a l o r i e s )  o b t a i n e d  and a d e c r e a s e  i n  c o s t  in o b t a i n i n g  

t h e  e n e r g y  ( K r e b s  and D a v i e s ,  1 9 7 8 ,  1 9 8 1 ) .  D i s p e r s i o n  

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

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

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

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

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

s c h e d u l e  i t s e l f  i s  f a b r i c a t e d  by t h e  e x i s t i n g  n a t u r a l  

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

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

( G o l d s t e i n ,  1 9 8 1 a ) .  S t u d i e s  s u p p o r t i n g  each o f  t h e s e  

p e r s p e c t i v e s  w i l l  be e x a m i n e d .
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Two c r i t i c a l  f e a t u r e s  o f  f ood  suDOl v  a r e  

d e n s i t y  and d i s t r i b u t i o n .  The d e n s i t y  o f  f o o d  

v a r i e s  in d e c r e e  ^ r o ?  s o a r s e  t o  a b u n d a n t .  The 

d i s t r i b u t i o n  o a t t e r n s  o f  f ood  on t h e  o t h e r  hand v a r y  

in t v o e  r a n c i nc f r o ^  u n i f o r m  o r  r e g u l a r ,  t ^ r o u c h  r andom,  

t o  c l umoed or  o a t c h v  ( B o u q h e y ,  1968;  P o o l e ,  1 9 7 4 ) .

E a r l y  s t u d i e s  e m o h a s i z e d  f ood  s u d d I v as t h e  d e t e r m i n a n t  

o f  d i s o e r s i o n .  Lack ( 1 9 5 4 )  s i m o l y  s u g g e s t e d  t h a t  

i n d i v i d u a l s  o r  g r o u p s  woul d  be more numer ous wher e  

f ood  was more a b u n d a n t .  Wynne- Edwar ds  ( 1 9 6 2 )  went  

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

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

and t h a t  o r g a n i s ms  wou l d  r e a c h  an " o o t i m a l  o o p u l a t i o n  

d e n s i t v "  f o r  a g i v e n  e n v i r o n m e n t .  C o l o n i a l . t y  and 

t e r r i t o r i a l i t y ,  t h e  e q u i v a l e n t  o f  c l umped and r e g u l a r  

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

and s o a t i a l  d i s t r i b u t i o n  o f  r e s o u r c e s .  Ward ( 1 9 6 4 )  

or oDos e d  t h a t  t h e  f u n c t i o n  o f  f l o c k i n g  in a s p e c i e s  

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

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

Emlen ( 1 9 6 8 )  p r o p o s e d  t h a t  when f ood  s u p p l y  i s  r e g u l a r l y  

d i s t r i b u t e d ,  f o r a g e r s  t e n d  t o  assume a r e g u l a r  

d i s p e r s i o n  o a t t e r n .  Royama ( 1 9 7 0 )  d e t e r m i n e d  t h a t  

c l u mp e d  d i s p e r s i o n s  o c c u r  in o a t c h y  f o o d  e n v i r o n m e n t s .
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G o s s - C u s t a r d  ( 1 9 7 0 ,  1 9 7 7 )  a l s o  f ound t h e  d e n s i t y  

o f  f o r a g e r s  t o  be p r o p o r t i o n a l  t o  f ood s u p p l y  

in a g i v e n  a r e a .  From t h i s  ear l y  r e s e a r c h  b a s i c  

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

s u p p l y  wer e  o b s e r v e d .

More  r e c e n t l y  e c o l o g i s t s  have f o c u s e d  on 

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

d e t e r m i n a n t  o f  d i s p e r s i o n  ( K r e b s  and D a v i e s ,  1 9 8 1 ) .

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

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

w i l l  c o n t r i b u t e  t o  t h e  i n c l u s i v e  f i t n e s s  o f  t h e  

s o e c i e s .  O p t i m i z a t i o n  mode l s  seek t o  p r e d i c t  whi ch  

o a r t i c u l a r  t r a d e - o f f  b e t we e n  c o s t s  and b e n e f i t s  w i l l  

g i v e  t h e  maximum b e n e f i t  ( K r e b s  and D a v i e s ,  1 9 7 8 ) .

A l l  p r e y  i t e ms  have  a c o s t ,  c a l c u l a t e d  i n t e r ms  o f  

t i m e  s p e n t  f o r a g i n g ,  e n e r g y  expende d i n s e e k i n g  o u t  

and c a p t u r i n g  t h e  p r e y  i t e m ,  and a b e n e f i t ,  me as ur e d  

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

t h e  Dr e y  i t e m .  Food v a l u e  i s  an i m p o r t a n t  v a r i a b l e  

i n  O D t i m i z a t l o n  ( E m l e n ,  1 9 8 4 ) .  Food v a l u e  ( p r o f i t ­

a b i l i t y )  i s  t h e  n e t  v a l u e  o f  f ood  per  u n i t  t i m e .  Net  

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

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

t h e  p r e y .  C a l o r i e s  a r e  l o s t  by t h e  e n e r g y  e x p e n d e d  in
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a c t i v i t i e s  such as s e a r c h i n g  f o r  t h e  f o o d ,  h a n d l i n g  i t  

and d i g e s t i n g  i t .  M a x i m i z i n g  n e t  f o o d  v a l u e  p r o d u c e s  

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

and i mp r o v e d  r e p r o d u c t i v e  c a p a c i t y  ( E m l e n ,  1 9 8 4 ) .

R e s e a r c h  i n v o l v i n g  o p t i m i z a t i o n  mode l s  has  

y i e l d e d  a number  o f  g e n e r a l  f i n d i n g s  on how o p t i m a l  

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

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

o v e r  f o o d s  w i t h  a l o w e r  e n e r g y  v a l u e  ( E s t a b r o o k  and 

Dunham,  1 9 7 6 ;  M c N a i r ,  1 9 7 9 ,  1 9 8 0 ) .  A s t u d y  by K r e b s ,  

E r i c h s e n ,  and Webber  ( 1 9 7 7 )  p r e s e n t e d  G r e a t  T i t s  ( Par us  

m a j o r ) w i t h  a c h o i c e  b e t w e e n  a r e l a t i v e l y  p r o f i t a b l e  

p r e y  and an u n p r o f i t a b l e  o n e .  When t h e  number  o f  p r e y  

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

t h e  more p r o f i t a b l e  p r e y .  As t h e  e n c o u n t e r  r a t e  d e c r e a s e d ,  

t h e  b i r d s  d i d  n o t  s e l e c t  one p r e y  o v e r  t h e  o t h e r .  T h i s  

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

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

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

c o n d i t i o n s ) .

When d i s c u s s i n g  m a x i m i z a t i o n  o f  n e t  f o o d  v a l u e  

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

s i d e r a t i o n .  L e v y ,  Moermond and Dens l ow ( 1 9 8 4 )  c o n d u c t e d  

an e x p e r i m e n t  w i t h  s i x  s p e c i e s  o f  s u b - t r o p i c a l  b i r d s .
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T h e i r  h y p o t h e s i s  was t h a t ,  as t h e  d i s t a n c e  be t we e n  

t wo f o r a g i n g  s i t e s  i n c r e a s e d ,  t h e  b i r d s  woul d  be 

l e s s  s e l e c t i v e  i n t h e i r  c h o i c e  o f  f r u i t .  They  

f o u n d  t h a t  as d i s t a n c e s  b e t we e n  f o o d  s i t e s  i n c r e a s e d ,  

t h e  b i r d s  i n d e e d  became l e s s  s e l e c t i v e ,  c h o o s i n g  t o  

e a t  b o t h  p r e f e r r e d  and n o n - p r e f e r r e d  f r u i t s  b e f o r e  

mov i n g  t o  a new s i t e .  A c r i t i c a l  p o i n t  was pass ed  

wh e r e  t h e  p r e f e r r e d  f r u i t  a t  a second s i t e  was l e s s  

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

i ng  s i t e .  Thus e a s e  o f  a c c e s s  i n  t h e  a v a i l a b i l i t y  o f  

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

Royama ( 1 9 7 0 )  s u g g e s t e d  t h a t  a n i m a l s  f o r a g i n g  

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

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

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

d e s i r a b l e  p a t c h e s  a r e  l i m i t e d .  F o r a g i n g  a n i m a l s  do 

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

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

( H a s s e l  and May,  1 9 7 4 ) .  K r e b s ,  K a c e l n i k ,  and T a y l o r  

( 1 9 7 8 )  f o u n d  t h a t  G r e a t  T i t s  ( Pa r u s  m a j o r ) woul d  

a g g r e g a t e  i n  t h e  more p r o f i t a b l e  o f  2 p a t c h e s  95% 

o f  t h e  t i m e  a f t e r  b e i n g  a l l o w e d  t o  sampl e  b o t h .  O t h e r  

s t u d i e s  i n v o l v i n g  L a r g e mo u t h  Bass ( A n d e r s o n ,  1 9 8 4 ) ,  

Downy Wood pec k er s  ( L i m a ,  1 9 8 4 )  and i n d i v i d u a l  p a r a s i t e s  

( N e m e r i t i s  c a n e s c e n s  H y m e n o p t e r o n ) ( H a s s e l ,  1 9 7 1 ) ,  have
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f o u n d  s i m i l a r  r e s u l t s .  O t h e r s ,  Smi t h  and Sweatman ( 1 9 7 4 )  

and Smi t h  and Da wk i ns  ( 1 9 7 1 ) ,  have  f ound  t h a t  f o r a g i n g  

t i m e  i n  s i n g l e  s u b j e c t s  was a l s o  g r e a t e s t  in a r e a s  

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

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

o p t i m a l  p r o f i t a b i l i t y  a r e  a t  wor k  h e r e .

An a l t e r n a t i v e  b u t  n o t  m u t u a l l y  e x c l u s i v e  

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

comes f r o m o p e r a n t  p s y c h o l o g y .  O p e r a n t  a p p r o a c h e s  s t a t e  

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

by c o n t i n g e n c i e s  o f  r e i n f o r c e m e n t  and t h a t  t h e s e  

c o n t i n g e n c i e s  a r e  t h e  d e t e r m i n a n t s  o f  d i s p e r s i o n ,  not  

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

o p t i m a l  f o r a g i n g  s t r a t e g i e s  ( G o l d s t e i n ,  1 9 8 1 b ) .  The  

c o n t i n g e n c i e s  o f  r e i n f o r c e m e n t  c o n s i s t  o f  r e s p o n s e s  

( f o r a g i n g  b e h a v i o u r s ) ,  t h e  c o n s e q u e n c e s  o f  t h e  b e h a v i o u r  

( r e s o u r c e  acqui s i t i on)  and t h e  p r e v a i l i n g  c i r c u m s t a n c e s  

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

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

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

an a d d i t i o n a l  -  i f  n o t  a l t e r n a t i v e  -  f r a m e w o r k  by whi ch  

p o p u l a t i o n  d i s p e r s i o n  p a t t e r n s  may be s t u d i e d  ( G o l d s t e i n ,  

J o h n s o n ,  and War d ,  1 9 8 9 ) .
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The o p e r a n t  model  s u g g e s t s  t h a t  w h e n e v e r  an 

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

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

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

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

i s  s e t  bot h  by t h e  amount  o f  work o r  t h e  amount  o f  

t i m e  r e q u i r e d  t o  c a t c h  a p r e y  and t h e  b e n e f i t  a 

p a r t i c u l a r  p r e y  a f f o r d s  ( G o l d s t e i n ,  1 9 8 1 b ) .  w i t h  

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

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

ment  i s  u s e d .

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

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

H e r r n s t e i n  ( 1 9 6 1 )  showed t h a t  o r g a n i s m s  w i l l  t e n d  

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

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

T h i s  r e l a t i o n s h i p  has been named t h e  Q u a n t i t a t i v e  Law 

o f  E f f e c t  o r  more s i m p l y  t h e  M a t c h i n g  Law ( F a n t i n o  

and Loga n ,  1 9 7 9 ) .  In m a t h e m a t i c a l  f o r m i t  i s  e x p r e s s e d  as

R , r ,

R, + R ; . . . . R n  r ,  + r j . . . . r „

wh e r e  R, r e p r e s e n t s  t h e  r a t e  o f  r e s p o n d i n g  a t  a p a r t i ­

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

t h a t  s t a t i o n  ( H e r r n s t e i n ,  1 9 7 0 ) .  T h i s  m a t c h i n g  l aw
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has been v e r i f i e d  as a r e s p o n s e  p r e d i c t o r  in a 

v a r i e t y  o f  e x p e r i m e n t s  ( C a t a n i a ,  1963;  Baum,  1 974 ;  

H e r r n s t e i n  and L o v e l a n d ,  1 9 7 5 )  and o v e r  a w i d e  v a r i e t y  

o f  s i t u a t i o n s  ( d e V i l l i e r s ,  1 9 7 7 ;  Gr e e n ,  R a c h l i n  and 

Hanson,  1 9 8 3 ) .  I t  has a l s o  been shown t o  a p p l y  t o  gr oups  

(Baum,  1974 ;  G r a f t ,  Lea and W h i t w o r t h ,  1 9 7 7 ) .

G o l d s t e i n  ( 1 9 8 1 b )  has s u g g e s t e d  t h a t  H e r r n s t e i n ' s  

( 1 9 7 0 )  m a t c h i n g  e q u a t i o n  can be e x t e n d e d  t o  p r e d i c t  

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

G o l d s t e i n ' s  P o p u l a t i o n  M a t c h i n g  Law i s  d e n o t e d  as

R.

B |  +  8 ; . . . . B n  RI  + R j . . . . R n

wher e  B i s  t h e  number  o f  b a r  p r e s s  r e s p o n s e s  measur ed  

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

st at i on -  B s u b s c r i p t s  ( t h e  b a r  p r e s s  wor k  s i t e  d e s i g n a t i o n )  

and wher e  R i s  t h e  number  o f  r e wa r d s  ( f o o d  p e l l e t  

r e i n f o r c e m e n t s  o b t a i n e d )  a t  t h a t  work s i t e  (R s u b s c r i p t s ) .  

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

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

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

an e x p e r i m e n t a l  s e s s i o n  t h e  number  o f  r a t s  w o r k i n g  a t  

each o f  t h e  8  s t a t i o n s  was me asur e d  t o  be;  8 ^ = 2 0 ,  0 2 = 1 0 , 

6 3 = 3 0 , 8 4 = 2 0 , 8 5 = 5 0 , 8 * = 3 0 ,  8 7 = 3 0 , Bs=10 t h e n  t h e  

p r o b a b i l i t y  o f  a r a t  w o r k i n g  a t  s t a t i o n  B̂  c o u l d  be 

d e t e r m i n e d  by 8 ^ / ( 8 ^ + 8 2 + 8 3 + 8 4  + 8 5 + 8 6 + 8 7 + 8 , )  o r  2 0 / ( 2 0 0 )  = . 10  

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

o b t a i n e d  a t  t h o s e  s i t e s  t o  be;  R^ = 1 0 0 ,  R2 = 5 0 ,  R 3 = 1 5 0 ,  

R \ = 1 0 0 ,  R5 = 2 5 0 ,  R 6 = 1 5 0 ,  R , = 1 5 0 ,  R , = 5 0  t h e n  a s i m i l a r  

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

o b t a i n e d  as f o l l o w s ;  R^ / ( R^+R2 + R 3 + R4 + R5 + R6 + R7 + R,  ) or  

1 0 0 / ( 1 0 0 0 ) = . 1 0 .  S i n c e  p r o b a b i l i t y  o f  a r a t  i s  e q u a l  t o  

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

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

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

undermatching,  r e s p e c t i v e l y ,  i s  s a i d  t o  o c c u r .  I n some 

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

been shown t o  be u s e f u l  i n  p r e d i c t i n g  g r oup  d i s p e r s i o n  

i n r a t s  u n d e r  v a r i o u s  s c h e d u l e  c o n d i t i o n s  ( G o l d s t e i n ,

1981b;  G o l d s t e i n  and M a z u r s k i ,  198 2 ;  G o l d s t e i n ,  Johnson  

and War d,  1 9 8 9 )  and i n  p a t c h y  e n v i r o n m e n t s  ( G o l d s t e i n
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and C a r l s o n ,  1 9 8 4 ;  S m i t h ,  1 9 8 5 ) .

U s i n g  g r o u p  r e s p o n d i n g  r a t h e r  t ha n  i n d i v i d u a l  

r e s o o n s e s  I s  a r e l a t i v e l y  new c o n c e p t ,  as t h e  m a j o r i t y  

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

b e h a v i o u r  as t h e  d e p e n d e n t  v a r i a b l e  ( G r o t t  and N e u r i n g e r ,  

1 9 7 4 ) .  To t e s t  t h e  e f f i c a c y  o f  u s i n g  g r oup  r e s p o n d i n g ,  

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

c hambe r  and s u b j e c t e d  t o  a v a r i e t y  o f  s c h e d u l e  c o n d i t i o n s .  

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

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

t h a t  a r e  p r o d u c e d  by u s i n g  i n d i v i d u a l  s u b j e c t s  ( G r o t t  

and N e u r i n g e r ,  1 9 7 4 ) .  S i n c e  g r o u p  d i s p e r s i o n ,  g r o u p  

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

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

a c t i v i t y  me a s u r e s  as t h e  d e p e n d e n t  v a r i a b l e .

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

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

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

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

( 1 9 8 1 b )  s t u d i e d  an a s c e n d i n g  s e r i e s  o f  f i x e d  r a t i o  

v a l u e s  i n  an e i g h t  s t a t i o n  -  e i g h t  r a t  o p e r a n t  a r e n a .  As 

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

e x t r e m e l y  r e g u l a r  p a t t e r n s  u t i l i z i n g  a maximum number  

o f  p o s s i b l e  s t a t i o n s .  D u r i n g  a p r o g r e s s i v e  e x t i n c t i o n
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Dhase a g r e a t e r  d e g r e e  o f  d i s p e r s a l  was o b s e r v e d  when 

f e w e r  f o r a g i n g  s i t e s  w e r e  made a v a i l a b l e  and d u r i n g  

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

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

f o r a g i n g  s i t e s  o c c u r r e d ,  G o l d s t e i n  and M a z u r s k i  ( 1 9 8 2 )  

s t u d i e d  an a s c e n d i n g  s e r i e s  o f  f i x e d  r a t i o  v a l u e s  i n  

a c o l o n y  o f  8  ma l e  r a t s  t o  d e t e r m i n e  how i n c r e a s e d  

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

wer e  f r e e  t o  wor k  u n d e r  t h e  most  o p t i m a l  c o n d i t i o n s ,  

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

wor ked in v a r y i n g  s t a t e s  o f  a g g r e g a t i o n .  At  l ow r a t i o  

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

r a t s  f o r me d  s m a l l  a g g r e g a t e s  and c o n c u r r e n t l y  used 5 or  

6  o f  t h e  a v a i l a b l e  s t a t i o n s .  As r a t i o  v a l u e s  i n c r e a s e d ,  

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

f o r me d  a more r e g u l a r  d i s p e r s i o n .  At  t h e  same t i m e  

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

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

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

d i s o e r s i o n  G o l d s t e i n ,  Johnson and Ward ( 1 9 8 9 )  s i m u l a t e d  

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

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

e n e r g y  b u d g e t s  t h r o u g h  a s c e n d i n g  r a t i o  v a l u e s .  The
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s c h e d u l e s  wer e  f o u n d  t o  ha ve  s y s t e m a t i c  e f f e c t s  on 

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

o u t p u t .  They a l s o  f o u n d  t h a t  t h e  c o l o n y  o f  r a t s  

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

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

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

c o n d i t i o n s ,  t h e  r a t s  became more r i s k  p r o n e ,  a v o i d i n g  

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

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

r a t i o  p h a s e s .  The t e r m  r i s k  p r o n e  has an o b v i o u s  

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

f r om t h e  more t e c h n i c a l  use o f  t h e  t e r m i n o p t i m a l  

f o r a g i n g  t h e o r y .  In t h e  l a t t e r ,  r i s k  r e f e r s  t o  t h e  

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

way .  An o r g a n i s m  i s  s a i d  t o  e x h i b i t  r i s k  p r o n e  b e h a v i o u r  

when i t  f o r a g e s  i n  a s pac e  wh e r e  t h e  u n c e r t a i n t y  o f  

r e i n f o r c e m e n t  i s  g r e a t .  R i s k  a v e r s e  b e h a v i o u r  o c c u r s  

when t h e  u n c e r t a i n t y  v a l u e  o f  f o r a g i n g  i n an a r e a  i s  low 

F u r t h e r  r e s e a r c h  i s  r e q u i r e d  t o  e x p l o r e  t h e  

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

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

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

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

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

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 1 5 -

I n n a t u r a l  e n v i r o n m e n t s ,  r a t i o s  a r e  r a n d o m i z e d  

by bot h  c o m p e t i t o r s  and by t h e  b e h a v i o u r  o f  t h e  p r e y  

i t e m .  V a r i a b l e  r a t i o s  wer e  s e l e c t e d  in t h i s  s t u d y  

i n an a t t e m p t  t o  s i m u l a t e  more n a t u r a l  c o n d i t i o n s .

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

c o n t r o l  o f  d i s p e r s i o n ,  r e i n f o r c e m e n t  ( f o o d )  was a va i l ab l e  

in s ma l l  r e g u l a r  q u a n t i t i e s .  To a l a r g e  e x t e n t  t h i s  was 

a c o n s e q u e n c e  o f  t h e  a bse n c e  o f  an a d e q u a t e  t e c h n i q u e  

t o  s i m u l a t e  t h e  p a t c h y  manner  i n wh i ch  r e s o u r c e s  a r e  

n o r m a l l y  a v a i l a b l e  i n  t h e  n a t u r a l  e n v i r o n m e n t .  To overcome 

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

a s p e c i a l  m u l t i p l e  p e l l e t  d i s p e n s e r  was d e s i g n e d  and 

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

such a m u l t i p l e  p e l l e t  d i s p e n s e r  i t  t h e n  became p o s s i b l e  

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

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

was a d o p t e d  f o r  t h e  p r e s e n t  s t u d y .  I t  woul d  be e x p e c t e d  

f r om o p t i m a l i t y  t h e o r y  t h a t  more c l umped f o r a g i n g  pat terns  

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

( Royama,  1 9 7 0 )  and t h a t  t h e  l a r g e r  progr ammed p a t c h e s  

woul d be t h e  p r e f e r r e d  f o r a g i n g  s i t e s  ( G o s s - C u s t a r d ,  1 977 ;  

Smi t h  and D a w k i n s ,  1 9 7 1 ) .  A s i m i l a r  out come woul d  a l s o  

be e x p e c t e d  f r o m t h e  o p e r a n t  p e r s p e c t i v e .
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In a d d i t i o n ,  as i n e a r l i e r  o p e r a n t  a r e n a  r e s e a r c h ,  

abundance  and d e p l e t i o n  o f  f o o d  r e s o u r c e s  wer e  simulated 

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

bet ween p h a s e s .  T h i s  p r o v i d e d  t h e  o p p o r t u n i t y  f o r  

o b s e r v a t i o n s  o f  how r a t  d i s p e r s i o n  p a t t e r n s ,  d e n s i t y  and 

d i s p e r s a l  r e s p o n d  t o  i n c r e a s e s  i n  wor k  r e q u i r e m e n t s .  

G o l d s t e i n ,  J o h n s o n ,  and Ward ( 1 9 8 9 )  u s i n g  n o n - p a t c h y ,  

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

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

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

i n r a t i o  v a l u e  wer e  seen as a s t r a t e g y  m i n i m i z i n g  t h e  

r a t i o  c o s t  o f  f o o d .  Where r e s o u r c e s  a r e  p a t c h i l y  

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

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

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

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

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

o r g a n i s ms  a g g r e g a t e  t o  m a x i m i z e  e n e r g e t i c s  by f o r a g i n g  

i n  d i f f e r e n t  p a t t e r n s .  O p e r a n t  t h e o r i e s  a p p r o a c h  di spersi on  

i n t e r ms  o f  s c h e d u l e s  o f  r e i n f o r c e m e n t  and how s c h e d u l e s ,  

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

a g g r e g a t e  d e n s i t y  and d i s p e r s a l .  T h i s  r e s e a r c h  was n o t  

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

u s i n g  o p e r a n t  t e c h n i q u e s  as b o t h  may be used i n t e r a c t i v e l y  

and i n t e r c h a n g a b 1 y t o  e x p l a i n  t h e  same phenomenon.  The
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mai n p u r p o s e  o f  t h e  p r e s e n t  r e s e a r c h  was t o  t r y  t o  

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

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

t h e o r y  u s u a l l y  d e a l s  w i t h ,  such as t h e  p a t c h »  f ood  

e n v i r o n m e n t  s i m u l a t e d  in t h i s  s t u d y .
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METHOD

S u b j e c t s

The s u b j e c t s  we r e  8 ma l e  hooded r a t s  a p p r o x i m a t e l y  

20 mont hs o l d .  A l l  s u b j e c t s  had a h i s t o r y  o f  b a r  p r e s s i n g  

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

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

maintained in the special  group operant arena throughout the study.  

Apparatus

a 3.7m long x 3.4m wide x 1.2m high arena c o n st i tu ted  the  

permanent work and l i v i n g  area f o r  the 8 rats  (see Figure 1 ) .  The 

arena contained 8 feeding s ta t ions  each consist ing of  an au tom a t ica l ly  

in s e r ta b le  response bar,  a p e l l e t  dispenser and a 100ml graduated  

water b o t t l e .  A special  p e l l e t  dispenser was designed fo r  t h i s  study 

to  accura te ly  simulate patchy food resource condit ions ( r e f e r  to  

f ig u r e  14).  Each of the 8 dispensers was set to d e l i v e r  a d i f f e r e n t  

number of  45mg Noyes food p e l l e t s  using a c y l in d r ic a l  storage tube of  

a s p ec i f ic  diameter.  The volume of t h is  storage tube l im i te d  the  

number of p e l le t s  a v a i la b le  to the discharge tube upon p a y o f f .  The 

8 dispensers were a f ixed  with  d i f f e r e n t  volume storage tubes to  

dispense 105, 90, 75, 55, 40,  25,  6, and 3 p e l le ts  per re in forcement.  

These 8 simulated patch s izes were f ix ed  throughout the 5 phases of  

the  study. Urine and feces f e l l  through the wire mesh f l o o r  o f  

the arena into  a u r ina l  system which flushed p e r io d ic a l l y  

throughout the n ig h t .  A day-n ight  t im er  regulated a 14:10 LD c yc le .  

Var iab le  ra t io s  of  re inforcement were contro l led  by a Commodore Pet series
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2001 m i c r o c o m p u t e r .  Res ponse s  and r e i n f o r c e m e n t s  

wer e  r e c o r d e d  by t h e  Pe t  c o m p u t e r .  From t h e s e  d a t a  

a m a t c h i n g  r e l a t i o n s h i p  u s i n g  H e r r n s t e i n ' s  ( 1 9 6 1 )  

f o r m u l a  was c a l c u l a t e d  by t h e  Pet  a f t e r  each e x p e r i ­

m e n t a l  s e s s i o n  and t h i s  d a t a  was f e d  i n t o  a s e r i e s  

o f  p r o g r a ms  i n a VAX 1 1 / 7 8 0  c o m p u t e r .  For  f u r t h e r  

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

t o  G o l d s t e i n ,  B l e k k e n h o r s t  and Mayes ( 1 9 8 2 )  and 

B l e k k e n h o r s t  and G o l d s t e i n  ( 1 9 8 3 ) .

P r o c e d u r e

T h e r e  wer e  5 p h a s e s  o f  t h e  e x p e r i m e n t .

D u r i n g  each phase  t wo 30 m i n u t e  s e s s i o n s  wer e  c o n d u c t e d  

a t  a p p r o x i m a t e l y  9 : 3 0  a . m .  and 6 : 0 0  p . m . ,  7 days  a 

we e k ,  f o r  10 days o f  each  p h a s e .  In phase  1,  t h e  

r a t s  wor ke d  u n d e r  a v a r i a b l e  r a t i o  3 ( VR3 )  s c h e d u l e  

o f  r e i n f o r c e m e n t .  D u r i n g  p h a s e s  2 , 3 , 4  and 5 ,  t h e  

r a t s  wo r k e d  u n d e r  VR10,  VR20,  VR40 and VR80 s c h e d u l e s  

r e s p e c t i v e l y .

D u r i n g  each d a i l y  e x p e r i m e n t a l  s e s s i o n ,  a 

r e c o r d  o f  d i s p e r s i o n  p a t t e r n s  was o b t a i n e d  onc e  p e r  

m i n u t e .  D i s p e r s i o n  p a t t e r n s  we r e  o b t a i n e d  by c o u n t i n g  

t h e  number o f  r a t s  a t  each s t a t i o n  and r e c o r d i n g  

t h i s  d a t a .  A r a t  was c o u n t e d  a t  a s t a t i o n  i f  i t  had
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a l l  f o u r  l e g s  i n  t h e  a r e a  mar ked  by t h e  54cm l e n g t h  o f  

t h e  P l e x i g l a s  p a r t i t i o n  and t h e  22cm w i d t h  o f  t h e  

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

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

p a y o f f  in number o f  p e l l e t s  p e r  r e i n f o r c e m e n t .

Phase 5 i n v o l v i n g  t h e  VR80 s c h e d u l e  o f  

r e i n f o r c e m e n t  was r e p e a t e d  once  due t o  a p o s s i b l e  

u n n o t i c e d  e q u i p m e n t  f a i l u r e .
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RESULTS

The most  f r e q u e n t l y  r e c o r d e d  sampl e  s i z e  i n v o l v e d  

d i s p e r s i o n  p a t t e r n s  w i t h  8 r a t s  c o n c u r r e n t l y  w o r k i n g .

T h i s  o b s e r v a t i o n  i n c r e a s e d  w i t h  i n c r e a s e s  in v a r i a b l e  

r a t i o  s c h e d u l e  ( F i g u r e  2 ) .  Wi t h  8 r a t s  w o r k i n g ,  i f  t h e  

i d e n t i t y  o f  i n d i v i d u a l  r a t s  and f e e d i n g  s t a t i o n s  i s ignored,  

there  a r e  22 p o s s i b l e  ways i n wh i ch  r a t s  can d i s p e r s e  in 

t h e  o p e r a n t  a r e n a .  These  p a t t e r n s  r a n g e  f r o m a 1 r a t  pe r  

1 s t a t i o n  p a t t e r n  ( 1 1 1 1 1 1 1 1 )  t o  an 8 r a t  p e r  s t a t i o n  pattern  

( 8 ) .  When a l l  8 r a t s  s i m u l t a n e o u s l y  work a t  s e p e r a t e  s ta t io n s ,  

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

At  t h e  o t h e r  e x t r e m e ,  when a l l  8 r a t s  s i m u l t a n e o u s l y  work  

a t  one s t a t i o n ,  t h e y  f o r m t h e  most  c l umped o r  c o n t a g i o u s  

p a t t e r n  p o s s i b l e  ( G o l d s t e i n ,  1 9 8 1 a ) .  F i g u r e  3 shows t h e  

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

d u r i n g  each  o f  5 phases  o f  t h e  e x p e r i m e n t .  To o b t a i n  t h e  

c u r v e  o f  d i s p e r s i o n  p a t t e r n s  e x p e c t e d  by c h a n c e  (seen in 

f i g u r e  3 )  a Monte  C a r l o  s i m u l a t i o n  was r un on t h e  c o mp u t e r  

f i l l i n g  each  o f  22 p o s s i b l e  p a t t e r n s  ( d i s p l a y e d  in t h e  

key on f i g u r e  3 )  a t  random o v e r  t h o u s a n d s  o f  r e p e t i t i o n s .  

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

d i f f e r e d  f r o m  t h e  p a t t e r n s  e x p e c t e d  by c h a n c e .  C h i - s q u a r e  

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

o f  t h e s e  p a t t e r n s  wer e  h i g h l y  s i g n i f i c a n t  ( C h i - s q u a r e  

v a l u e s  r a n g e d  f r o m 8 0 4 . 0 6  a t  VR3 t o  3 2 5 4 . 9 8  a t  VR80
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p < . 0 1 , see t a b l e  1 ) .  The r a t s  wor ke d  i n  s ma l l  

a g g r e g a t e  g r o u o s  a t  t h e  l o w e r  s c h e d u l e s  ( VR3 ,  VR10)  

and f o r me d  l a r g e r  a g g r e g a t e s  and u t i l i z e d  f e w e r  

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

The most  e x t r e m e  p a t t e r n  o f  c o n t a g i o n  ( 8  r a t s  a t  one 

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

f r o m a f r e q u e n c y  o f  0% a t  VR3 t o  a f r e q u e n c y  o f  

57 . 1 % o f  a l l  o b s e r v a t i o n s  a t  VR80 ( F i g u r e  4 ) .

The v a r i a n c e / m e a n  r a t i o  i s  a common measur e  

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

a g g r e g a t i o n  ( P o o l e ,  1 9 7 4 ) .  A v a r i a n c e / m e a n  r a t i o  

v a l u e  o f  l e s s  t h a n  1 . 0  d e n o t e s  a r e g u l a r  d i s p e r s i o n ,  

a v a l u e  o f  1 . 0  r e p r e s e n t s  a r andom d i s t r i b u t i o n  and 

a v a l u e  o f  g r e a t e r  t h a n  1 . 0  r e p r e s e n t s  a c l umped  

p a t t e r n  i f  t h e  d i s p e r s i o n  i s  assumed t o  be a p o i s s o n  

d i s t r i b u t i o n  ( P o o l e ,  1 9 7 4 ) .  H o we v e r ,  t h i s  s t a t i s t i c  

i s  h e a v i l y  a f f e c t e d  by s ma l l  s ampl e  s i z e s  ( T a y l o r ,  

Woiwood and P e r r y ,  1 9 7 8 ) .  I t  w i l l  t h e r e f o r e  be used  

h e r e  as a me as ur e  o f  r e l a t i v e  t e n d e n c y  r a t h e r  t h a n  

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

p a t t e r n s  d u r i n g  a l l  5 phases  o f  t h e  s t u d y  show a 

t e n d e n c y  t o w a r d s  c l u mp ed  d i s p e r s i o n  ( F i g u r e  5 )  w i t h  

an i n c r e a s e  i n c o n t a g i o n  w i t h  i n c r e a s e s  i n  v a r i a b l e  

r a t i o  v a l u e .  The v a r i a n c e / m e a n  r a t i o s  r a n g e d  f r o m 2 . 2  

a t  VR3 t o  4 . 4 8  a t  VR80 and s u p p o r t  t h e  o b s e r v a t i o n  o f
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p r o g r e s s  i ve 1 y more c l u mp e d  d i s p e r s i o n  and s i n g l e  

s t a t i o n  c o n t a g i o n .

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

( d i s p e r s a l )  was me a s u r e d  by a n a l y s i n g  t h e  m i n u t e  

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

u n s t a b l e  ( DSTAT)  o r  s t a b l e  ( I S T A T )  c h a n g e s .  In t h e  

I STAT c h a n g e  t h e  d i s p e r s i o n  p a t t e r n  does no t  change  

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

l o c a t i o n  o f  t h e  r a t s  may c h a n g e .  For  e x a m p l e ,  t h e  

p a t t e r n s  2 1 1 1 1 1 1 1  and 1 1 1 1 1 1 1 2  may have  d i f f e r e n t  

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

same.  In t h e  DSTAT c h a n g e ,  t h e  number o f  r a t s  w o r k i n g  

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

b e i n g  c o l o n i z e d  c h a n g e s .  As F i g u r e  6 i l l u s t r a t e s ,  

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

t h e  f i v e  p h a s e s  o f  t h e  e x p e r i m e n t .  The DSTAT 

f r e q u e n c y  r a n g e d  f r o m 7 8 . 8 % a t  VR3 t o  9 3 . 6 % a t  VR80.  

The f r e q u e n c y  o f  t h e  s t a b l e  ( I S T A T )  t r a n s i t i o n s  was 

q u i t e  l ow t h r o u g h o u t  t h e  e x p e r i m e n t ,  r a n g i n g  f r om  

2 1 . 2 % a t  VR3 t o  6 . 4 %  a t  VR80.  T h e r e  was a l s o  a 

t e n d e n c y  f o r  t h e  i n s t a b i l i t y  o f  d i s p e r s a l  ( DSTAT)  t o  

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

o r  f o r  t h e  s t a b i l i t y  ( I S T A T )  t o  d e c r e a s e .  These two  

me a s u r e s  o f  d i s p e r s a l  can be b r o k e n  down f u r t h e r
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i n t o  2 m e a s u r e s  o f  s t a b i l i t y  and 3 me a s u r e s  o f  

i n s t a b i l i t y .  The I STAT can be b r o k e n  down i n t o  

an i d e n t i c a l  t r a n s i t i o n ,  ITRANS (no c h a n g e  in 

d i s p e r s i o n  p a t t e r n )  o r  a p o s i t i o n a l  t r a n s i t i o n ,  PTRANS 

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

The DSTAT can be d i v i d e d  i n t o  a m i c r o s t a t e  t r a n s i t i o n ,  

MI TRANS ( w h e r e  t h e  number o f  r a t s  r e c o r d e d  a t  a 

g i v e n  number o f  b a r s  c h a n g e s )  o r  a m a c r o s t a t e  

t r a n s i t i o n .  The m a c r o s t a t e  t r a n s i t i o n  i s  made up o f  

t h e  MATRANS whe r e  t h e  number  o f  b a r s  b e i n g  c o l o n i z e d  

by a g i v e n  number  o f  r a t s  c ha ng es  o r  t h e  MBTRANS 

wh e r e  t h e  number  o f  b a r s  c o l o n i z e d  c h a n g e s  as a 

r e s u l t  o f  an i n c r e a s e  o r  d e c r e a s e  i n  t h e  number  o f  

r a t s  w o r k i n g .  As F i g u r e  6a i l l u s t r a t e s ,  t h e  most  

f r e q u e n t  c h a n g e s  in d i s p e r s a l  wer e  MBTRANS t r a n s i t i o n s .  

Ove r  40% o f  t h e  t r a n s i t io n s  i n d i s p e r s i o n  we r e  c hanges  

i n  t h e  number o f  b a r s  o c c u p i e d  due t o  i n c r e a s e s  or  

d e c r e a s e s  i n  t h e  number o f  r a t s  w o r k i n g .  The o n l y  

t r a n s i t i o n  p a t t e r n  wh i ch  s t e a d i l y  i n c r e a s e d  w i t h  

s c h e d u l e  was MITRANS ( t h e  second most  p o p u l a r  t r a n s i ­

t i o n )  w h i c h  r e a c h e d  3 7 . 8 % by VR80.  The I TRANS a n a l y s i s  

( no c h a n g e  i n p a t t e r n )  s t e a d i l y  d e c r e a s e d  i n  f r e q u e n c y  

f r o m  1 4 . 6 % a t  VR3 t o  1 . 9% a t  VR80.  The f l u c t u a t i o n s
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in t h e  number o f  r a t s  w o r k i n g  and s t a t i o n s  o c c u p i e d  

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

movement  amongst  t h e  r a t s  f r o m one m i n u t e  t o  t h e  n e x t .

The r a t  d e n s i t y  a n a l y s i s  was p e r f o r m e d  on 

bot h  t h e  pr ogr ammed m a g n i t u d e  o f  r e wa r d  ( s i m u l a t i n g  

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

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

e n v i r o n m e n t  on r a t  a g g r e g a t i o n .  In a n a l y s i n g  pr ogr ammed  

p a y o f f  m a g n i t u d e  a v a r i a t i o n  o f  G o l d s t e i n ' s  ( 1 9 8 1 b )  

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

B, R,

B| + B j . ' . i B n  R I + R 2 . . . « R n

w i t h  B e q u a l  t o  t h e  number o f  r e s p o n s e s  o r  s u b j e c t s  

working and R equal to  programmed magnitude of  reinforcement at 

each s ta t ion  and B and R subscripts s ig n i fy in g  the s ta t ion  designation.

T h e r e  was a d e f i n i t e  t r e n d  t o w a r d s  c o n t a g i o n  

a r o u n d  s t a t i o n s  w i t h  a h i g h e r  pr ogr ammed p a y o f f  

m a g n i t u d e  ( F i g u r e  7 a ) .  The d e n s i t y  o f  t h e  r a t s  shows 

a d i c h o t o m y  i n  d i s p e r s i o n  b e t we e n  t h e  3 s t a t i o n s  w i t h  

t h e  l a r g e s t  p a y o f f  m a g n i t u d e  and t h e  5 s t a t i o n s  w i t h  

t h e  l o w e s t  p e l l e t  p a y o f f .  The r a t s  wer e  most  d e n s e l y  

d i s p e r s e d  a r o u n d  t h e  s t a t i o n s  w i t h  t h e  f i r s t  and t h i r d  

h i g h e s t  p r o p o r t i o n  o f  r e i n f o r c e m e n t s . F i g u r e  7b shows
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t h e  d e n s i t y  o a t t e r n  a t  each work s t a t i o n  d u r i n g  each  

o f  t h e  5 e x p e r i m e n t a l  p h a s e s .  I t  can be seen t h a t  a f t e r  

an i n i t i a l  i n c r e a s e  in t h e  use o f  s t a t i o n  2 t h e r e  was a 

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

a t  s t a t i o n s  1 and 3 as t h e  v a r i a b l e  r a t i o  v a l u e  r i s e s  

u n t i l  s t a t i o n s  1 and 3 wer e  o c c u p i e d  a l m o s t  e x c l u s i v e l y  

a t  VR8 0 .  I t  i s  p o s s i b l e  t h a t  t h e  p r e s e n c e  o f  c o n s p e c i f i c s  

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

more d e p r i v e d .  T h i s  w i l l  be d i s c u s s e d  f u r t h e r  in  

t h e  d i s c u s s i o n  s e c t i o n .  F i g u r e s  7c and 7d a r e  s i m i l a r  

t o  7a and 7b e x c e p t  t h a t  t h e y  d i s p l a y  t h e  r e g r e s s i o n  

l i n e s  and c o r r e l a t i o n a l  a n a l y s i s  o f  t h e  same d a t a .

A c o e f f i c i e n t  o f  c o r r e l a t i o n  o f  . 7 3 7  was o b t a i n e d  

b e t we e n  mean r a t  d e n s i t y  and pr ogr ammed m a g n i t u d e  o f  

r e w a r d  ( F i g u r e  7 c ) .  A r e l a t i o n s h i p  b e t we e n  r a t  d e n s i t y  

and p r o p o r t i o n  o f  p a y o f f  m a g n i t u d e  can be seen w i t h  

o v e r m a t c h i n g  ( mor e  r a t s  t h a n  t h e  p a t c h  can a c c o mo d a t e )  

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

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

c o r r e l a t i o n  c o e f f i c i e n t s  a t  VR40 ( r = . 7 3 2 )  and VR80 ( r = . 6 7 2 )  

f r om a h i g h  o f  r = . 8 8  a t  VR20 ( F i g u r e  7 d ) .  An i n c r e a s e  in 

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

d e n s i t y  i n  c o m p a r i s o n  t o  pr ogr ammed p a y o f f  m a g n i t u d e .

The s l o p e  o f  t h e  r e g r e s s i o n  l i n e s  p r o g r e s s i v e l y  i n c r e a s e s
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f r om 4 . 8 6  a t  VR3 t o  9 . 0 3  a t  VRBO, i n d i c a t i n g  a g r o w i n g  

d e n s i t y  a t  t h e  l a r g e r  pr ogr ammed p a y o f f  m a g n i t u d e s  and 

i n c r e a s e d  o v e r m a t c h i n g  a t  s t a t i o n s  1 and 3 .

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

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

F i g u r e s  8 and Sa show t h e  r e l a t i o n s h i p  b e t we e n  

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

c o r r e l a t i o n  f o r  t h e  o v e r a l l  a n a l y s i s  ( r = . 9 8 8 )  and 

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

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

o f  r e w a r d .  As w i t h  progr ammée m a g n i t u d e ,  h i g h e r  o b t a i n e d  

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

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

A c c o r d i n g  t o  t h e  m a t c h i n g  l aw ( H e r r n s t e i n ,  1 9 7 5 ) programmed 

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

S i n c e  t h e  r e s u l t s  o f  t h e  d e n s i t y  a n a l y s i s  showed them t o  

d i f f e r  s l i g h t l y ,  each w i l l  be c o n s i d e r e d  s e p e r a t e l y  in 

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

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

w h i c h  i s  used as t h e  i n d e p e n d e n t  v a r i a b l e  ( Baum,  1 98 1 )  

and t h i s  w i l l  be k e p t  i n  c o n s i d e r a t i o n .

F i g u r e s  9 and 9a once a g a i n  use G o l d s t e i n ' s  

( 1 9 8 1 b )  m o d i f i c a t i o n  o f  t h e  m a t c h i n g  l aw t o  e x a mi n e  

the p r o b a b i l i t y  o f  a r a t  working under various programmed and
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a c t u a l  o b t a i n e d  m a g n i t u d e s  : - r e w a r d .  The r e s u l t s  

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

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

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

t h e  pr ogr ammed m a g n i t u d e  o f  r e wa r d  ( r = . 7 4 4 ,  F i g u r e  9 ) .  

O v e r m a t c h i n g  was once  a g a i n  seen a t  s t a t i o n s  w i t h  t h e  

h i g h e s t  and t h i r d  h i g h e s t  pr ogr ammed m a g n i t u d e s  and 

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

as seen by t h e  i n c r e a s e  i n s l o p e s  w i t h  s c h e d u l e  ( F i g u r e  

9 a ) .  Mean o b t a i n e d  m a g n i t u d e  o f  r e w a r d  was seen t o  be 

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

( F i g u r e  1 0 ) .  The r e l a t i o n s h i p  ( r = . 9 8 0 )  i s  an e x c e l l e n t  

mat ch b e t we e n  t h e  v a r i a b l e s  and i s  c o n s t a n t l y  h i g h  ( . 9 8 4  

t o  . 9 9 9 )  d u r i n g  e a c h  r a t i o  s c h e d u l e  c o n d i t i o n  ( F i g u r e  10a)  

The n e x t  s e t  o f  a n a l y s e s  ( F i g u r e s  11 ,  1 1 a ,  12,

12a)  show t h e  r e l a t i o n s h i p  o f  r e s p o n s e s  t o  pr ogr ammed  

and o b t a i n e d  m a g n i t u d e s  o f  r e w a r d  u s i n g  H e r r n s t e i n ' s  

( 1 9 7 0 )  m a t c h i n g  l a w .  The r e s u l t s  a r e  v e r y  s i m i l a r  t o  

t h o s e  seen i n  t h e  d e n s i t y  a n a l y s i s .  When pr ogr ammed  

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

a good c o r r e l a t i o n  ( r = . 6 7 1 )  r e s u l t s  w i t h  o v e r m a t c h i n g  

a t  t h e  h i g h e s t  and t h i r d  h i g h e s t  m a g n i t u d e s  ( F i g u r e  1 1 ) .  

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

i n c r e a s e s  ( F i g u r e  1 1 a )  and t h e  s l i g h t  I n c r e a s e  i n
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r e g r e s s i o n  l i n e  s l o p e s  w i t h  s c h e d u l e  s u p p o r t s  t h i s  

o b s e r v a t i o n .  When a s i m i l a r  a n a l y s i s  was done be t we e n  

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

r e w a r d ,  t h e  r e l a t i o n s h i p  b e t we e n  t h e  t wo was seen l o  be 

v e r y  s t r o n g  ( r = . 9 9 3 ,  F i g u - e 1 2 ) .  T h i s  was t r u e  f o r  a l l  

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

f r o m . 9 7 6  t o  . 9 9 9  ( F i g u r e  1 2 a ) .

F i g u r e  13 shows t h e  a c t u a l  number  o f  p e l l e t s  

consumed d u r i n g  each o f  t h e  5 e x p e r i m e n t a l  p h a s e s .

I t  can be seen t h a t  t h e  f o o d  i n t a k e  o f  t h e  c o l o n y  o f  

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

s t a b i l i z i n g  a t  VR40 .  F i g u r e  14 shows t h e  a c t u a l  number  

o f  r e s p o n s e s  r e c o r d e d  d u r i n g  each o f  t h e  5 v a r i a b l e  

r a t i o  s c h e d u l e s .  T h e r e  was a s t e a d y  i n c r e a s e  in  

r e s p o n d i n g  b e t w e e n  e a c h  s c h e d u l e .  F i g u r e  15 shows t h e  

number  o f  p e l l e t s  o b t a i n e d  p e r  r e s p o n s e  d u r i n g  each  

s c h e d u l e .  As v a r i a b l e  r a t i o  v a l u e s  i n c r e a s e d ,  t h e  mean 

number o f  p e l l e t s  o b t a i n e d  p e r  r e s p o n s e  d e c r e a s e d .  

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

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

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

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

v i r o n m e n t  o r o g r e s s i v e 1 y i n c r e a s e d  a g g r e g a t i o n  i n t h e  

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

a r ound  l a r g e r  o a t c h  s i t e s  ( s t a t i o n s  w i t h  a l a r g e r  

pr ogr ammed p e l l e t  p a y o f f ) .  T h i s  f i n d i n g  i s  i n c o n ­

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

f o r  l a r g e r  more p r o f i t a b l e  p a t c h  s i t e s  ( A n d e r s o n ,

198 4 ;  Ha sse l  and May,  1 9 7 4 ;  K r e b s ,  K a c e l n i k  and T a y l o r ,  

1978; Lima, 1984; Royama, 1970).  I t  can be argued however, t h a t  

optimal foaging was not occurr ing in the present study. The rurter of

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

( F i g u r e  13)  w h i l e  t h e  e n e r g y  expende d i n o b t a i n i n g  t h e s e  

Del  l e t s  ( me a s u r e d  i n r e s p o n s e s  p e r f o r m e d )  i n c r e a s e d  

( F i g u r e  1 4 ) .  The n e t  v a l u e  o f  a r e s p o n s e  ( m e a s u r e d  in 

p e l l e t s  o b t a i n e d )  s t e a d i l y  d e c r e a s e d  w i t h  i n c r e a s e d  

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

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

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

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

woul d  have been t o  f o r m  s m a l l e r  a g g r e g a t e s  and t o  d i s ­

p e r s e  o v e r  t h e  t h r e e  o r  f o u r  most  p r o f i t a b l e  p a y o f f  

s i t e s .  For  e x a m p l e ,  u n d e r  t h e  VR80 s c h e d u l e  o f  r e i n ­

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

ment woul d  have  i n v o l v e d  d i s p e r s i o n  p a t t e r n s  such as
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( 2 , 2 , 2 , 2 )  o r  p o s s i b l y  ( 3 , 2 , 2 , 1 ) .  I f  2 r a t s  on 

a v e r a g e  wor ked  a t  t h e  4 s t a t i o n s  w i t h  t h e  h i g h e s t  

p e l l e t  p a y o f f s ,  a f t e r  one p a y o f f  r ound t h e  8 r a t s  

woul d  r e c e i v e  ( 1 0 5 + 9 0 + 7 5 + 5 5 )  = 325 p e l l e t s .  D i v i d i n g  

t h i s  amongst  t h e  r a t s  r e s u l t s  i n an a v e r a g e  o f  65 

p e l l e t s  p e r  r a t .  I n f a c t ,  h o w e v e r ,  b e c a us e  t h e  populat ion  

s h i f t e d  t o w a r d s  a p r e f e r e n c e  f o r  2 o f  t h e  most  p r o f i t a b l e  

s t a t i o n s  ( 9 0  and 75 p e l l e t s  p e r  p a y o f f )  t h e  gr oup  

r e c e i v e d  165 p e l l e t s  p e r  p a y o f f  r ound or  an a v e r a g e  o f  

21 p e l l e t s  f o r  each o f  t h e  8 r a t s ,  an amount  3 t i m e s  

l e s s  t h a n  woul d be g a i n e d  by d i s p e r i n g  amongst  t h e  4 

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

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

o f  t h e  most  p r o f i t a b l e  p a t c h  s i t e s  a t  VR80 ( F i g u r e  7 b ) .  

The o b s e r v e d  p a t t e r n  i n v o l v e d  a l l  8 r a t s  r u s h i n g  t o  a 

s t a t i o n  wh i c h  had j u s t  p a i d  o f f ,  a c c o mp a n i e d  by an 

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

s q u e a l i n g ,  j u m p i n g  o v e r  one a n o t h e r ,  b i t i n g ,  and 

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

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

o f  t h e  2 s t a t i o n s  w i t h  p a y o f f s  o f  90 and 75 l i e s  i n t h e  

a r e n a  a r r a n g e m e n t .  These  2 s t a t i o n s  wer e  c l o s e r  in  

p r o x i m i t y  t o  one a n o t h e r  and b o t h  were  s i t u a t e d  in t h e  

more p r o f i t a b l e  l e f t  s i d e  o f  t h e  a r e n a .  H o we v e r ,  t h i s  i s  

u n l i k e l y  g i v e n  t h e  e x a mp l e  i n  t h e  p a r a g r a p h  above  

o f  how e n e r g e t i c s  c o u l d  have  been more o p t i m a l l y
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m a x i m i z e d  w i t h  d i s p e r s a l  amongst  4 s t a t i o n s .  I f  e n e r g y  

v a r i a b l e s ,  such as d e c r e a s e d  t r a v e l l i n g  t i m e  be t wee n  

s t a t i o n s  o r  i n c r e a s e d  s t a t i o n  p r o x i m i t y ,  wer e  c r i t i c a l  

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

as ( 2 , 2 , 2 , 2 )  wou l d  l i k e l y  have r e s u l t e d  and wou l d  have  

been a more o p t i m a l  p a t t e r n  f o r  t h e  g r o u p .

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

r e s e a r c h  c o n t r a d i c t  Pu l i m a n ' s  ( 1 974 ) p r o p o s i t i o n  t h a t  

o p t i m a l  f o r a g e r s  wou l d  behave  more e f f i c i e n t l y  in 

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

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

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

O t h e r  r e c e n t  r e s e a r c h  i n a c c o r d a n c e  w i t h  t h i s  s t u d y  

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

u n d e r  a d v e r s e  c o n d i t i o n s  ( B l a i n e  and Rohe,  1 9 8 4 ;  

S n y d e r m a n , 1 9 8 3 ) .

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

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

c l e a r l y  seen t h a t  o p e r a n t  model s  can d e s c r i b e  t h e  

b e h a v i o u r  o f  t h e  r a t s .  Bot h programmed and a c t u a l  

m a g n i t u d e s  o f  r e i n f o r c e m e n t  mat ched r a t  d e n s i t y ,  

p r o b a b i l i t y  o f  o b s e r v i n g  a w o r k i n g  r a t ,  and p r o b a b i l i t y
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o f  a b a r  p r e s s  r e s p o n s e .  Bot h pr ogr ammed and a c t u a l  

m a g n i t u d e  o f  r e w a r d  can be a c c u r a t e l y  used t o  p r e d i c t  

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

o f  r e w a r d  was a more a c c u r a t e  p r e d i c t o r  t h a n  

programmed p a t c h  s i t e s ,  s u g g e s t i n g  t h a t  c o n t i n g e n c i e s  

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

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

The se  n o n - o p t i m a l  d i s t r i b u t i o n s  can be a c c o u n t e d  

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

and t h e  p r e s e n c e  o r  a b s e n c e  o f  c o n s p e c i f i c s .  At  VR3 

c l umped d i s p e r s i o n  was a l r e a d y  q u i t e  p r e v a l e n t  u n d e r  

r e l a t i v e l y  a b u n d a n t  r e s o u r c e  c o n d i t i o n s  ( F i g u r e  3 ) .

The o b s e r v e d  p a t t e r n  was a t e n d e n c y  f o r  t h e  r a t s  t o  

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

( F i g u r e  7 b ) .  I t  i s  p o s s i b l e  t h a t  a c o n d i t i o n e d  

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

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

a c c o mp a n y i n g  a p a y o f f ,  i n c l u d i n g  t h e  c l i c k  o f  t h e  

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

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 3 4 -

t h e  s t a t i o n ,  h i g h  a c t i v i t y  l e v e l s  and s q u e a l i n g  a r o u n d  

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

s e a r c h i n g  f o r  f o o d  ( G o l d s t e i n ,  1 9 8 1 b ;  Hu s t e d  and McKenna,  

1 9 6 6 ;  Royama,  1 9 7 0 ) .  T h i s  a l o n g  w i t h  e x t i n c t i o n  a t  

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

i n  an e a r l y  s e l e c t i o n  o f  s i t e s  w i t h  t h e  l a r g e r  programmed  

m a g n i t u d e s  o f  r e w a r d  as seen i n t h i s  s t u d y  ( F i g u r e  7 b ) .  

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

a t  l a r g e r  p a t c h  s i t e s  i s  t h e  l i k e l y  r e a s o n  why c l umped  

d i s p e r s i o n  was m a i n t a i n e d  even as c o n d i t i o n s  became more  

d e p r i v e d  t o w a r d s  VR80 .  I t  i s  p r o p o s e d  h e r e  t h a t  t h e  

i n c r e a s e  i n  v a r i a b l e  r a t i o  v a l u e s ,  e s p e c i a l l y  f r om VR20 

t o  VR40 and VR4G t o  VR80,  had t h e  e f f e c t  o f  t e m p o r a r i l y  

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

i n r e s p o n s e  c o s t s  and t h e  p r e s e n c e  o f  c o n s p e c i f i c s  

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

s m a l l  a g g r e g a t e  g r o u p  a t  a s t a t i o n  has t o  compet e  w i t h  

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

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

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

has e x t i n c t i o n - l i k e  e f f e c t s  on t h e  w o r k e r  who t h e n  

l e a v e s  t h e  wor k  s i t e  and moves t o  a n o t h e r  s i t e ,  a 

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

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

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

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

those s t a t i o n s  whe r e  c o n s p e c i f i c  s t i m u l i  wer e  most  

preva len t  -  those s i te s  with higher programmed payof f  magnitudes.

The obtained magnitude of  reward appeared to be immune to 

conspec i f ic  cond i t ion ing  e f f e c t s  and was th e re fo re  a b e t te r  

p re d ic to r  o f  r a t  densi ty  and responding.  The in te n t  o f  the present  

research was not to r e fu te  o p t im a l i t y  accounts of  fo rag ing .

I t  was to demonstrate the f e a s i b i l i t y  of  operant approaches in 

complex forag ing s i t u a t io n s .  Presumably some version of  opt im iza t ion  

could e v e n tu a l ly  be der ived to account f o r  the preferences found 

in t h i s  research.

One question posed by t h i s  study remains to be answered;

Why the ra ts  foraged a t  the f i r s t  and t h i r d  most p r o f i t a b l e  patch 

s i t e s  and excluded the second most p r o f i t a b l e  s i t e  as work 

requirements increased? This less than optimal s t ra tegy  can also 

be explained by employing operant theory .  Each s ta t io n  s i t e  in 

t h i s  study could accomodate 4 ra ts  comfortably side by s ide.  The 

observed p a t te rn  was f o r  a l l  8 ra ts  to  rush to  a s ta t io n  which 

had j u s t  paid o f f  with  a large  patch of  p e l l e t s .  The r e s u l ta n t  

convergence o f  ra ts  a t  a s ingle  s ta t io n  resu l ted  in inadequate 

space f o r  a l l  to  forage without excessive aggression.  The overf low  

of ra ts  would co lon ize  other  a v a i l a b le  patch s i t e s .  The s ta t ions  

with the f i r s t  and t h i r d  highest payof f  magnitude were c losest in 

proximity  to  one another.  The conspecif ic  s t im u l i  mentioned earlier.
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i e .  a c t i v i t y  l e v e l ,  s q u e a l i n g ,  p e l l e t  p a y o f f  s ounds ,  

w e r e  e n h a n c e d  due t o  t h e  p r o x i m i t y  o f  t h e s e  s t a t i o n s .

The o b s e r v e d  p a t t e r n  was o f  i n c r e a s e d  r u n n i n g  a c t i v i t y  

b e t we e n  t h e s e  t wo s t a t i o n s  and o u r  s t a b i l i t y  o f  

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

D i s p e r s i o n  p a t t e r n s  became i n c r e a s i n g l y  u n s t a b l e  as 

s c h e d u l e  i n c r e a s e d  and t h e  i n s t a b i l i t y  was m a i n l y  due 

t o  c h a n g e s  i n  e i t h e r  t h e  number o f  b a r s  c o l o n i z e d  due  

t o  an i n c r e a s e  o r  d e c r e a s e  i n t h e  number  o f  r a t s  w o r k i n g  

o r  t h e  number o f  r a t s  a t  a f i x e d  number  o f  b a r s  c h a n g i n g .

By VR80 t h e  r a t s  wo r k e d  a l m o s t  e x c l u s i v e l y  a t  t h e  t wo  

s t a t i o n s  due t o  t h e  e f f e c t  o f  s c h e d u l e  i n d u c e d  c o n d i t i o n i n g  

a t  t h e s e  s i t e s .  They  e x h i b i t e d  a l e s s  t h a n  o p t i m a l  

s o l u t i o n  t o  t h e  i n c r e a s e d  s c h e d u l e  d e ma n d s .  F u r t h e r  

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

n e c e s s a r y  t o  d e t e r m i n e  how much we can a t t r i b u t e  t h i s  

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

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

used i n  t h e  p r e s e n t  s t u d y .

B e h a v i o r a l  t h e o r i s t s  have a d v a n c e d  a l t e r n a t i v e  

v i e w s  t o  o p t i m i z a t i o n  t o  d e a l  w i t h  e v o l u t i o n  and b e h a v i o u r .  

S k i n n e r  ( 1 9 8 4 )  p r o p o s e d  t h a t  an o p e r a n t  r e s p o n s e  f r om a 

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

The f o o d  d e c r e a s e s  h u n g e r  and c o n t r i b u t e s  t o  i t ' s  

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

have  evolved wh e r e  t h i s  r e d u c t i o n  in hu n g e r  c o n t r i b u t e d  

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

not  r e i n f o r c e d  by t h e  o p t i m i z a t i o n ,  o r  m a x i m i z a t i o n  o f  

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

( S k i n n e r ,  1 9 8 4 ) .  W h i l e  t h e  r e s u l t s  o f  t h i s  s t u d y  do no t  

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

a more c o n s t r u c t i v e  and i n s i g h t f u l  met hod o f  s t u d y i n g  

t h e  mechan i s ms  o f  d i s p e r s i o n  and p r o v i d e  an a l t e r n a t i v e  

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

s u p p o r t s  p r e v i o u s  r e s e a r c h  ( G o l d s t e i n ,  198 1 b ;  G o l d s t e i n ,  

Johnson and Wa r d ,  1 98 9 ;  G o l d s t e i n  and M a z u r s k i ,  1 9 8 2 )  

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

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

o f  H e r r n s t e i n ' s  ( 1 9 7 0 )  m a t c h i n g  l aw and G o l d s t e i n ' s  

( 1 9 8 1 b )  p o p u l a t i o n  m a t c h i n g  l aw as i n d i c a t o r s  o f  

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

e x i s t e n c e  o f  clumped d i s p e r s i o n  i n  r e s p o n s e  t o  a p a t c h y  

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

r e i n f o r c e m e n t  s c h e d u l e s  ( C a r l s o n ,  1 9 84 ;  S m i t h ,  1 9 8 5 ) ,  

as w e l l  as p r o v i d i n g  a c o n d i t i o n i n g  model  f o r  e x p l a i n i n g  

t h e s e  f i n d i n g s .
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o b s e r v e d  d i s p e r s i o n  p a t t e r n  
f r e q u e n c y  and e x p e c t e d  (chance)  
d i s p e r s i o n  p a t t e r n  f r e q u e n c y  
f o r  each s c h e d u l e .

V A R I A B L E
R A T I O
S C H E D U L E

C H I -  S Q U A R E  

V A L U E

S I G N  1 F I CANCE  

L E V E L

VR 3 0 0 4 . 0 0 p . «  .01

VR 10 1 4 0 1 .0 0 p . «  01

VR 20 1004 04 p. « . 01

VR 40 2300.51 p 01

VR SO 3 2 5 4 .0 0 p . «  01
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