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ABSTRACT 

The r o l e  o f  t h e  c i r c a d i a n  t ime-keeping system i n  r e g u l a t i o n  o f  

locomotor a c t i v i t y  and c e r t a i n  a s p e c t s  o f  r e p r o d u c t i o n  h a s  been i n v e s t -  

i g a t e d  i n  wi ld  Po lynes ian  r a t s ,  R a t t u s  e x u l a n s .  

Locomotor a c t i v i t y  i s  under c i r c a d i a n  c o n t r o l  and d a t a  a r e  c o n s i s t e n t  

w i t h  a g e n e r a l  model o f  t h e  pacemaker mechanism a s  a weakly i n t e r a c t i n g  

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

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

rhythm i s  p r i m a r i l y  non-parametr ic .  

Female - R. e x u l a n s  c o n t i n u e  t o  o v u l a t e  d u r i n g  prolonged p e r i o d s  i n  

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

th rough  t h e  e s t r o u s  c y c l e  which c l o s e l y  resembles  t h a t  o f  l a b o r a t o r y  

R.  norveg icus .  These f i n d i n g s  a r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  - 
t h e  e s t r o u s  c y c l e  i n  R. e x u l a n s  is r e g u l a t e d  by a s i m i l a r  c i r c a d i a n  

mechanism t o  t h a t  c o n t r o l l i n g  t h e  t i m i n g  o f  o v u l a t i o n ,  and hence t h e  

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

Female R. e x u l a n s  do n o t  e x h i b i t  r e g u l a r  f l u c t u a t i o n s  i n  e i t k e r  

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

a s s o c i a t i o n  w i t h  t h e  e s t r o u s  c y c l e .  Ovariectomy a l s o  h a s  no s i g n i f i c a n t  

e f f e c t  on t h e  p e r i o d  o f  t h e  a c t i v i t y  rhythm and no d i s c e r n i b l e  e f f e c t  on 

t h e  d i s t r i b u t i o n  o r  i n t e n s i t y  o f  a c t i v i t y .  I t  i s  t h e r e f o r e  concluded 

t h a t  t h e r e  i s  no feedback a c t i o n  o f  t h e  o v a r i e s  o r  e s t r a d i o l  on  t h e  

c i r c a d i a n  pacemaker r e g u l a t i n g  locomotor a c t i v i t y  i n  5 e x u l a n s ,  which 

t h u s  d i f f e r s  from l a b o r a t o r y  r o d e n t s .  T h i s  p r o p o s i t i o n  is f u r t h e r  suppor ted  

by t h e  o b s e r v a t i o n  t h a t  t h e r e  a r e  no s i g n i f i c a n t  changes  i n  e i t h e r  p e r i o d  

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

changes  t h a t  occur  i n  t h e  female  r e p r o d u c t i v e  sys tem i n  o l d  age. The 

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

F i e l d  s t u d i e s  on b reed ing  p a t t e r n s  o f  & e x u l a n s  th roughout  i ts  

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

t h e  h y p o t h e s i s  t h a t  t h e  o n s e t  o f  b reed ing  i n  t h i s  s p e c i e s  i n  t empera te  

l a t i t u d e s  i s  r e g u l a t e d  by s e a s o n a l  changes  i n  pho toper iod .  A c c e l e r a t e d  

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

non-breeding p a r t  o f  t h e  year  and housed i n  LD 16:8. J u v e n i l e  females  

c o l l e c t e d  a t  t h e  same t i m e s  but  housed i n  LD 8:16 f o r  an i d e n t i c a l  d u r a t i o n  

remain immature. Groups o f  mature  females  c o l l e c t e d  d u r i n g  t h e  b reed ing  
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season do not show a differential response to these light regimes. 

These results are discussed in relation to field data on breeding patterns 

in the population from which experimental animals were collected. It is 

concluded that the onset of breeding in this population is controlied 

primarily by a photoperiodic mechanism regulating the attainment of 

reproductive maturity in females. 

Information on the physiological organization of circadian systems 

in mammals is reviewed, with particular emphasis on the relationships 

between locomotor activity rhythms, the estrous cycle, and the effects of 

photoperiod on reproductive function in rodents. 




















