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INTRODUCTION 

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

o f a p a r t o f t h e endogenous s l e e p / w a k e s y s t e m has been r e c o g n i z e d by 

humerous a u t h o r s (BENOIT 1984; BROUGHTON 1975; CAMPBELL 1984; DINGES 

e t a l . 1983; KLEITMAN 1963; LAVIE and SCHERSON 1981; NAKAGAWA 1980; 

TUNE 1968, 1969; WEBB 1978; ZULLEY and CAMPBELL 1 9 8 5 a , b ) . U n t i l r e l a ­

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

been l a c k i n g and i t has been n e c e s s a r y , t h e r e f o r e , t o r e l y l a r g e l y on 

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

F o r e x a m p l e , b o t h c o l l e g e s t u d e n t s (WHITE 1974; WEBB and DUBE 1981) 

and i n d i v i d u a l s o f r e t i r e m e n t age (TUNE 1968) have r e p o r t e d i n c r e a s e d 

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

l i f e s t y l e s . S i m i l a r l y , t h e p r e v a l e n c e o f s i e s t a c u l t u r e s has o f t e n 

been c i t e d as an i n d i c a t i o n t h a t t h e r e e x i s t s a n a t u r a l t e n d e n c y f o r a 

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

v a l . 

These s p e c i a l c a s e s n o t w i t h s t a n d i n g , t h e u s u a l v i e w o f human s l e e p / 

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

m a j o r w a k i n g e p i s o d e o f a b o u t 16 h d u r a t i o n f o l l o w e d by a m a j o r s l e e p 

e p i s o d e o f a b o u t 8 h d u r a t i o n . The u b i q u i t y w i t h w h i c h t h i s m onophasic 

o r g a n i z a t i o n o f s l e e p and w a k e f u l n e s s o c c u r s may e x p l a i n , i n p a r t , the 

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

d i a n components o f t h e s l e e p / w a k e s y s t e m , i . e . , s p o n t a n e o u s n a p p i n g , 

i n humans. 
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M o r e o v e r , as has been n o t e d by WEBB ( 1 9 7 8 ) , t h e v e r y n a t u r e o f naps 

( i . e . , u s u a l l y b r i e f i n t e r r u p t i o n s o f r e l a t i v e l y l o n g w a k i n g i n t e r ­

v a l s ) makes them " u n c o n t r o l l a b l e and i n t e r f e r i n g s o u r c e s o f e x p e r i m e n ­

t a l v a r i a n c e " ( p . 316) i n most s t u d i e s w h i c h a r e u s u a l l y f o c u s e d on 

maj o r components o f s l e e p , w a k i n g , and p e r f o r m a n c e . B e c a u s e o f t h i s 

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

e x p e r i m e n t a l i n s t r u c t i o n s o r as a con s e q u e n c e o f c o n t i n u o u s p e r f o r m ­

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

Yet t h e a v a i l a b l e e x p e r i m e n t a l e v i d e n c e s u g g e s t s t h a t w h i l e naps may, 

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

w a k e f u l n e s s , t h e r e v e r s e may a l s o be t r u e . That i s , by i m p o s i n g a 

mo n o p h a s i c , c i r c a d i a n s l e e p regimen on s u b j e c t s by c i r c u m s c r i b e d ex­

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

n e n t s o f t h e s l e e p / w a k e system may be e f f e c t i v e l y masked. I t has been 

shown, f o r example, t h a t s i m p l y by re m o v i n g r e s t r i c t i o n s on s l e e p i n 

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

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

s o d e s , i n c r e a s e s s u b s t a n t i a l l y (WEBB and AGNEW 1974). In t h i s s e n s e , 

t h e n , e x p e r i m e n t a l i n s t r u c t i o n s o r b e h a v i o r a l demands w h i c h r e s t r i c t 

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

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

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

B e h a v i o r a l demands which may i n t e r f e r e w i t h t h e e x p r e s s i o n o f s l e e p 

t e n d e n c y need not n e c e s s a r i l y be imposed by e x p e r i m e n t a l i n s t r u c t i o n s , 

s o c i a l / o c c u p a t i o n a l p r e s s u r e s , o r o t h e r e x t e r n a l s o u r c e s . Such c o n ­

t r o l s may be s e l f - i m p o s e d as w e l l . I t i s not uncommon t o d e l a y , d i s ­

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

s e l f - i m p o s e d a l t e r n a t i v e s t o s l e e p , such as f i n i s h i n g a good book, 

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

i s , l i k e w i s e , not u n u s u a l t o a t t e m p t t o overcome a p e r i o d o f d r o w s i ­

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

d r i n k i n g a cup o f c o f f e e o r t e a . 

Thus i t i s c l e a r t h a t t h e s l e e p b e h a v i o r e x h i b i t e d by a human a d u l t 

may be i n f l u e n c e d t o a s u b s t a n t i a l d e g r e e by a t l e a s t two e n v i r o n m e n ­

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

r e s p o n s e : e x t e r n a l and s e l f - i m p o s e d b e h a v i o r a l c o n t r o l s . 

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

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



be a p p a r e n t t h a t t h e b e h a v i o r a l m a n i f e s t a t i o n o f s l e e p and w a k e f u l n e s s 

o b s e r v e d i n d a i l y l i f e , and i n many e x p e r i m e n t a l c o n d i t i o n s , does not 

n e c e s s a r i l y r e f l e c t u n d e r l y i n g p h y s i o l o g i c a l s l e e p t e n d e n c y . By way of 

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

c o n t r o l s i n t h e f o r m o f dams and l e v e e s , i n an e f f o r t t o s t r u c t u r e t h e 

r i v e r f o r more e f f i c i e n t u s e , p r o b a b l y does n o t r e f l e c t a c c u r a t e l y the 

n a t u r a l d y n a mics o f t h e r i v e r . 

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

human s l e e p . Thus, one a p p r o a c h t o more c l o s e l y examine p r o p e r t i e s of 

p u t a t i v e u l t r a d i a n components o f t h e human s l e e p / w a k e s y s t e m would be 

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

c o u r s e of l e a s t r e s i s t a n c e . T h i s would i n c l u d e n o t o n l y t h e e l i m i n a ­

t i o n o f e x p e r i m e n t a l i n s t r u c t i o n s r e l a t i v e t o when and when not t o 

s l e e p , b u t a l s o would r e q u i r e m i n i m i z a t i o n o f b e h a v i o r a l a l t e r n a t i v e s 

w h i c h may be i n c o m p a t i b l e w i t h t h e s l e e p r e s p o n s e . 

In t h e f o l l o w i n g s t u d y , we have employed a " d i s e n t r a i n e d " e n v i r o n m e n t 

i n an e f f o r t t o i n v o k e such c o n d i t i o n s . I t was r e a s o n e d t h a t , i n r e ­

sponse t o t h e l a c k o f b e h a v i o r a l o p t i o n s i n such an e n v i r o n m e n t , sub­

j e c t s w ould be more l i k e l y t o r e s p o n d t o p e r i o d s o f d r o w s i n e s s , not by 

a t t e m p t i n g t o overcome such a s t a t e , b u t r a t h e r by u n a m b i g u o u s l y ex­

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

p o t h e s i z e d t h a t t h e v i e w o f s l e e p and w a k e f u l n e s s w h i c h emerged from 

such an e n v i r o n m e n t may p r o v i d e a more a c c u r a t e r e f l e c t i o n o f t h e b i o ­

l o g i c a l mechanisms u n d e r l y i n g t h e human s l e e p / w a k e s y s t e m . 

METHOD 

S u b j e c t s 

N i n e p a i d s u b j e c t s (4 f e m a l e s , 5 m a l e s ) aged 19-37 y e a r s (mean age, 

25.1 y e a r s ) p a r t i c i p a t e d i n t h e s t u d y . S u b j e c t s were s e l e c t e d who r e ­

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

p r o b l e m s and a c u t e i l l n e s s . No s u b j e c t r e p o r t e d h a b i t u a l n a p p i n g , 

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

p a t i o n , each s u b j e c t was i n f o r m e d , i n d e t a i l , o f t h e e n v i r o n m e n t a l 

c o n d i t i o n s t o be used i n t h e s t u d y and each was i n f o r m e d o f t h e gen­

e r a l aim o f t h e s t u d y . 



D i s e n t r a i n m e n t 

The t e r m " d i s e n t r a i n m e n t " was s e l e c t e d t o d i s t i n g u i s h t h e c u r r e n t c o n ­

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

which t i m e cues a r e removed but o t h e r a s p e c t s o f t h e e n v i r o n m e n t r e ­

main e s s e n t i a l l y t h e same as i n d a i l y l i f e , i . e . , s u b j e c t s a r e aske d 

to c o n t i n u e d a i l y a c t i v i t i e s and a r e u s u a l l y r e q u e s t e d t o " s t r u c t u r e " 

t h e i r d a y s . " D i s e n t r a i n m e n t " was i n i t i a l l y used i n a p r e v i o u s p a per 

(CAMPBELL 1984) t o d e s c r i b e an e n v i r o n m e n t w h i c h i n c l u d e d e n f o r c e d bed 

r e s t . In t h e p r e s e n t s t u d y , t h e same b e h a v i o r a l c o n d i t i o n s were im­

posed, w i t h t h e e x c e p t i o n o f e n f o r c e d bed r e s t . 

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

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

c i a l t i m e c u e s . S u b j e c t s were a l l o w e d t o move f r e e l y about t h e i s o l a ­

t i o n u n i t , but were r e q u e s t e d not t o engage i n s t r e n u o u s e x e r c i s e . 

S u b j e c t s were, i n a d d i t i o n , p r o h i b i t e d from r e a d i n g , w r i t i n g , l i s t e n ­

i n g t o m u s i c , and so on. They were s p e c i f i c a l l y i n s t r u c t e d n o t t o 

s t r u c t u r e t h e i r d a y s , but r a t h e r t o e a t and s l e e p when i n c l i n e d t o do 

so . Food and n o n c a f f e i n a t e d b e v e r a g e s , as w e l l as k i t c h e n f a c i l i t i e s , 

were a v a i l a b l e i n t h e i s o l a t i o n u n i t . I l l u m i n a t i o n was p r o v i d e d by 

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

on t a b l e s and o v e r t h e bed. C o n t r o l of l i g h t and d a r k n e s s was a t t h e 

d i s c r e t i o n of each s u b j e c t . 

In summary, t h e p h y s i c a l e n v i r o n m e n t used h e r e was e s s e n t i a l l y t h e 

same as e n v i r o n m e n t s employed i n s t a n d a r d human c i r c a d i a n r e s e a r c h 

( c f . WEVER 19 7 9 ) . The d i f f e r e n c e was t h a t t h e r e were no c o n s t r a i n t s 

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

e x t r e m e l y 1 i m i t e d . 

P r o c e d u r e 

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

p r i o r t o t h e 72-h d i s e n t r a i n m e n t p e r i o d . S u b j e c t s were p e r m i t t e d t o 

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

i n g d i s e n t r a i n m e n t . At 0800 on t h e m o r n i n g f o l l o w i n g t h e b a s e l i n e 

n i g h t , each s u b j e c t was s i g n a l l e d t h a t t h e e x p e r i m e n t a l p e r i o d had 

begun. They were i n s t r u c t e d t o a c k n o w l e d g e h a v i n g h e a r d t h e s i g n a l , 

but t h e y were n o t r e q u i r e d t o g e t o u t o f bed ( i . e . , t h e y c o u l d r e t u r n 

t o s l e e p i f so i n c l i n e d ) . 



D u r i n g t h e e n t i r e p e r i o d , i n c l u d i n g b a s e l i n e n i g h t , t h e EEG, EOG, and 

EMG o f each s u b j e c t was c o n t i n u o u s l y m o n i t o r e d v i a a G l o n n e r Biomes 80 

t e l e m e t r y s y s t e m . The s i g n a l s were f e d t h r o u g h a s t a n d a r d Siemens phy-

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

30-s epochs f o l l o w i n g s t a n d a r d s c o r i n g p r o c e d u r e s (RECHTSCHAFFEN and 

KALES 1968). S l e e p o n s e t was d e f i n e d by t h e f i r s t epoch c o n t a i n i n g a 

s l e e p s p i n d l e o r K-complex. 

W h i l e awake, s u b j e c t s wore t h e t e l e m e t r y t r a n s m i t t e r on a b e l t around 

t h e w a i s t . D u r i n g s l e e p e p i s o d e s , t h e t r a n s m i t t e r c o u l d be p l a c e d on a 

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

i n t e r v a l , t h e t r a n s m i t t e r was powered by a 1 2 - v o l t a u t o b a t t e r y , con­

n e c t e d by a c a b l e a p p r o x i m a t e l y 6 m i n l e n g t h . Thus, i t was u n n e c e s ­

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

T e m p e r a t u r e was r e c o r d e d each m i n u t e v i a a r e c t a l p r o b e , a l s o c o n ­

n e c t e d by a 6 m l o n g c a b l e . C a b l e s were o f s u f f i c i e n t l e n g t h t o a l l o w 

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

C o m m u n i c a t i o n w i t h s u b j e c t s was p o s s i b l e t h r o u g h an i n t e r c o m s y s t e m , 

but t h i s was used o n l y t o r e q u e s t s u b j e c t s t o r e a t t a c h e l e c t r o d e s when 

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

o r d i n g d i f f i c u l t i e s were, i n most c a s e s , c o r r e c t e d by t h e s u b j e c t s , i t 

was n e c e s s a r y on s e v e r a l o c c a s i o n s t o e n t e r t h e i s o l a t i o n u n i t t o r e ­

a t t a c h e l e c t r o d e s o r make m e c h a n i c a l a d j u s t m e n t s . Such i n t e r r u p t i o n s , 

as w e l l as r e q u e s t s t o s u b j e c t s t o a t t e n d t o e q u i p m e n t f a i l u r e s , were 

made o n l y d u r i n g o n g o i n g w a k i n g e p i s o d e s . 

RESULTS 

W h i l e t h e r e were a l i m i t e d number o f s l e e p e p i s o d e s w i t h d u r a t i o n s o f 

l e s s t h a n 30 min ( 1 3 . 6 % o f t o t a l , N = 9 ) , t h e s e s l e e p e p i s o d e s (mean 

d u r a t i o n , 10.2 min) a c c o u n t e d f o r l e s s t h a n one p e r c e n t o f t o t a l s l e e p 

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

c o n s i d e r e d as such when s l e e p c o n t i n u e d f o r a t l e a s t 30 m i n . S i m i l a r ­

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

o v e r 15 min but f o r l e s s t h a n 60 min ( 1 6 . 2 % o f t o t a l , N = 1 2 ) . How­

e v e r , t h e l a r g e m a j o r i t y o f w a k i n g e p i s o d e s were o f g r e a t e r t h a n 1-h 

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

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



t h a n 60 min c o u l d o c c u r w i t h i n o t h e r w i s e c o h e r e n t s l e e p p e r i o d s . 

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

a r e c o n s i d e r e d as such when s e p a r a t e d by a t l e a s t 60 min o f w a k e f u l ­

n e s s . 

O v e r a l l C h a r a c t e r i s t i c s o f S l e e p and W a k e f u l n e s s d u r i n g D i s e n t r a i n m e n t 

F i g u r e 1 shows t h e a l t e r n a t i o n o f s l e e p and w a k e f u l n e s s f o r a l l sub­

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

d e s c r i b e d above. A t o t a l o f 57 s l e e p e p i s o d e s were s p o n t a n e o u s l y i n i ­

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

does not i n c l u d e s l e e p e p i s o d e s t a k e n on t h e b a s e l i n e n i g h t , nor does 

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

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

The median d u r a t i o n o f s l e e p e p i s o d e s was 2.4 h (mean, 4.1 h; SD, 

3.7 h; r a n g e , 0.52-12.8 h ) . As can be seen i n F i g . 2, t h e d i s t r i b u t i o n 

o f s l e e p e p i s o d e d u r a t i o n s was skewed, w i t h 68.4% o f a l l s l e e p e p i ­

sodes r e c o r d e d c o n t i n u i n g f o r l e s s t h a n 4 h. O n l y 10 o f t h e 57 s l e e p 

p e r i o d s r e c o r d e d c o n t i n u e d f o r as l o n g as 8 h. C o n s i d e r i n g a l l s l e e p 

o b t a i n e d d u r i n g t h e p e r i o d o f d i s e n t r a i n m e n t , i . e . , f rom t h e a wakening 

a t 0800 f o l l o w i n g t h e b a s e l i n e n i g h t t o t h e t e r m i n a t i o n 72 h l a t e r , 

f o r t h o s e e i g h t s u b j e c t s whose s l e e p was r e c o r d e d f o r t h e e n t i r e pe­

r i o d , an a v e r a g e o f 31.0 h ( 4 3 . 1 % o f t h e p e r i o d ) was s p e n t a s l e e p 

( r a n g e : 20.5 - 40.2 h ) . (Due t o equipment f a i l u r e , t h e EEG o f one sub­

j e c t (GLB) was r e c o r d e d f o r o n l y t h e f i r s t 48 h o f d i s e n t r a i n m e n t . ) 

Waking e p i s o d e s r e c o r d e d d u r i n g d i s e n t r a i n m e n t a l s o t e n d e d t o be sub­

s t a n t i a l l y s h o r t e n e d r e l a t i v e t o normal c o n d i t i o n s , w i t h a median 

d u r a t i o n o f 4.9 h (mean, 5.2 h; SD, 3.1 h; r a n g e , 1.0-13.0 h ) . On o n l y 

one o c c a s i o n d i d a s u b j e c t m a i n t a i n w a k e f u l n e s s f o r l o n g e r t h a n 12 h 

( s e e F i g . 2 ) . 

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

s h o r t e r d u r a t i o n s and r e m a i n e d awake f o r s h o r t e r p e r i o d s between s l e e p 

e p i s o d e s t h a n do humans under c o n d i t i o n s o f d a i l y l i f e . As a r e s u l t , 

t h e a v e r a g e s l e e p / w a k e c y c l e l e n g t h , measured f r o m t h e o n s e t o f one 

s l e e p e p i s o d e t o t h e o n s e t o f t h e n e x t , was 10.2 h (SD, 4.4 h; m e d i a n , 

10.6 h ) . V a r i a b i l i t y i n d u r a t i o n o f s l e e p / w a k e c y c l e s was d e c r e a s e d by 

a bout 25% ( t o 3.4 h) w i t h o u t s u b s t a n t i a l l y a l t e r i n g c y c l e l e n g t h 



GLB 
ULB 
CWB 
WFB 
JSB 
PZB 
CBS 
RMB 
MHB-

0800 2000 0800 

0800 2000 0800 

0800 2000 0800 

F i g . 1. A l t e r n a t i o n o f s l e e p ( d a r k b a r s ) and w a k e f u l n e s s f o r a l l sub­
j e c t s a c r o s s t h e p e r i o d o f d i s e n t r a i n m e n t . The EE6 o f one s u b j e c t 
(GLB) was r e c o r d e d f o r o n l y t h e f i r s t 48 h o f d i s e n t r a i n m e n t . B r o k e n 
l i n e i n f i f t h s l e e p e p i s o d e o f s u b j e c t RMB i n d i c a t e s a l o s s o f s i g n a l 
d u r i n g t h a t i n t e r v a l 

(9.9 h) by c a l c u l a t i n g t h e c y c l e from t h e m i d d l e o f one s l e e p e p i s o d e 

t o t h e m i d d l e o f t h e n e x t . 

T emporal C h a r a c t e r i s t i e s 

F i g u r e 3 shows t h e d i s t r i b u t i o n o f s l e e p p e r i o d o n s e t s d u r i n g d i s e n ­

t r a i n m e n t as a f u n c t i o n o f t i m e o f day. In o r d e r t o have s u f f i c i e n t 

s ample s i z e i n each c e l l f o r s t a t i s t i c a l a n a l y s i s , i t was n e c e s s a r y t o 

group s l e e p o n s e t t i m e s i n 3-h b l o c k s . The o v e r a l l d i s t r i b u t i o n d i d 

not d i f f e r s i g n i f i c a n t l y f r o m a chance d i s t r i b u t i o n (X = 8.3, df = 7, 

ns) nor d i d t h e number o f s l e e p o n s e t s between 1400 and 1700, o r be­

tween 2300 and 0200, d i f f e r s i g n i f i c a n t l y from t h e number o f s l e e p 

o n s e t s i n a d j a c e n t 3-h b l o c k s . 



number of sleep episodes number of waking episodes 
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F i g . 2. D i s t r i b u t i o n o f s l e e p and waki n g e p i s o d e s r e c o r d e d d u r i n g d i s ­
e n t r a i n m e n t , as a f u n c t i o n o f t h e i r d u r a t i o n s . B o t h s l e e p and w a k i n g 
e p i s o d e s showed t e n d e n c i e s t o c o n t i n u e f o r s u b s t a n t i a l l y s h o r t e r d u r a ­
t i o n s t h a n under c o n d i t i o n s o f d a i l y l i f e 

S i n c e s l e e p o n s e t can o c c u r , o f c o u r s e , o n l y when a s u b j e c t i s awake, 

t h e f r e q u e n c y d i s t r i b u t i o n shown i n F i g . 3 was i n f l u e n c e d s u b s t a n ­

t i a l l y by t h e c i r c a d i a n v a r i a t i o n i n s l e e p p e r i o d d u r a t i o n . F o r e x ­

ample, t h e f r e q u e n c y o f s l e e p o n s e t was r e l a t i v e l y low between 0200 

and 0500 p r i m a r i l y b e c a u s e s u b j e c t s had e a r l i e r i n i t i a t e d t h e i r m a j o r 

n o c t u r n a l s l e e p e p i s o d e s . As s u c h , s l e e p o n s e t t i m e may be a m i s l e a d ­

i n g i n d e x o f group s l e e p t e n d e n c y . A more m e a n i n g f u l r e p r e s e n t a t i o n o f 

group s l e e p t e n d e n c y may be d e r i v e d f rom t h e e x a m i n a t i o n o f F i g . 4, 

whic h shows t h e number o f s l e e p e p i s o d e s , as a p e r c e n t a g e o f t o t a l 

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

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



time of day 

F i g . 3. D i s t r i b u t i o n o f s l e e p p e r i o d o n s e t s r e c o r d e d d u r i n g d i s e n ­
t r a i n m e n t , p l o t t e d a c r o s s t h e n y c h t h e m e r o n ( d o u b l e - p l o t t e d ) . F o r s t a ­
t i s t i c a l a n a l y s i s o n s e t s were g r o u p e d i n 3-h b l o c k s . D i s t r i b u t i o n d i d 
no t d i f f e r s i g n i f i c a n t l y f r om chance 

a m a j o r peak between 0200 and 0600, and a s e c o n d , l e s s r o b u s t , peak 

between 1400 and 1700. 

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

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

c l e a r l y f o l l o w e d a c i r c a d i a n c o u r s e , as shown i n F i g . 5. S l e e p e p i ­

sodes i n i t i a t e d between 0800 and 2000 c o n t i n u e d f o r a median d u r a t i o n 

o f 1.4 h. On o n l y two o c c a s i o n s d u r i n g t h i s i n t e r v a l d i d s l e e p e p i ­

sodes c o n t i n u e f o r l o n g e r t h a n 3 h. In c o n t r a s t , s l e e p p e r i o d s i n i ­

t i a t e d between 2000 and 2400 c o n t i n u e d f o r a median d u r a t i o n o f 7.2 h, 

w i t h a d e c r e a s i n g t r e n d i n median d u r a t i o n s o v e r t h e s u b s e q u e n t 8 h. 
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F i g . 4. D i s t r i b u t i o n o f t h e number o f s l e e p e p i s o d e s , as a p e r c e n t a g e 
of t o t a l p o s s i b l e s l e e p e p i s o d e s , c o m p r i s i n g a l l o r p a r t o f any g i v e n 
hour a c r o s s t h e n y c h t h e m e r o n ( d o u b l e - p l o t t e d ) 

C h a r a c t e r i s t i c s o f M a j o r S l e e p E p i s o d e s and Naps 

R e s u l t s p r e s e n t e d t h u s f a r have f o c u s e d on t h e c h a r a c t e r i s t i c s o f 

s l e e p , i n g e n e r a l , d u r i n g d i s e n t r a i n m e n t : s l e e p e p i s o d e s have been 

t r e a t e d as a homogeneous g r o u p . However, i t i s a p p a r e n t from t h e s e an­

a l y s e s , and f r o m i n s p e c t i o n o f F i g . 1, t h a t two g e n e r a l c a t e g o r i e s o f 

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

d u r a t i o n s ( F i g . 5) and p l a c e m e n t w i t h i n t h e 24-h day ( F i g . 4 ) . 

Twenty-one s l e e p e p i s o d e s ( i n a d d i t i o n t o b a s e l i n e s l e e p p e r i o d s ) were 

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

r e l a t i v e l y l o n g d u r a t i o n and were t y p i c a l l y i n i t i a t e d a f t e r 2000. 

These s l e e p p e r i o d s ( t o t a l N = 30) have been d e s i g n a t e d m a j o r s l e e p 

e p i s o d e s (MSEs) i n t h e f o l l o w i n g a n a l y s e s . Naps were o p e r a t i o n a l l y 

d e f i n e d as any s l e e p e p i s o d e o c c u r r i n g between two MSEs. T w e n t y - t h r e e 

s l e e p e p i s o d e s c o u l d be d e s i g n a t e d as naps, based on t h i s c r i t e r i o n . 
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F i g . 5. D i s t r i b u t i o n o f s l e e p e p i s o d e s a c r o s s t h e n y c h t h e m e r o n ( i n 
4-h b l o c k s , d o u b l e - p l o t t e d ) , as a f u n c t i o n o f s l e e p e p i s o d e d u r a t i o n . 
Each d o t r e p r e s e n t s a s l e e p e p i s o d e , b a s e l i n e n i g h t s a r e i n c l u d e d 

B e c a u s e some s l e e p p e r i o d s r e s e m b l e d n e i t h e r MSEs n o r met t h e c r i t e ­

r i o n f o r naps , t h e y a r e e x c l u d e d f rom t h e f o l l o w i n g a n a l y s e s . 

E i g h t e e n MSEs were b o t h s p o n t a n e o u s l y i n i t i a t e d and s p o n t a n e o u s l y t e r ­

m i n a t e d . The median d u r a t i o n o f t h e s e e p i s o d e s was 9.8 h (mean, 8.8 h; 

SD, 2.7 h ) . T h i s i s compared w i t h a median d u r a t i o n f o r naps (N = 23) 

o f 1.4 h (mean, 1.7 h; SD, 0.9 h ) . The d i f f e r e n c e i n d u r a t i o n s f o r t h e 

two g r o u p s was s i g n i f i c a n t (Mann-Whitney U = 6.5, p ^ 0.0001, two-

t a i l e d ) . T h e r e was a l s o a s i g n i f i c a n t d i f f e r e n c e (U = 33, p ^ 0.001, 

t w o - t a i l e d ) i n d u r a t i o n s o f w a k i n g e p i s o d e s p r i o r t o MSEs (mean, 

7.7 h; SD, 2.6 h; m e d i a n , 7.5 h) vs t h o s e p r e c e d i n g naps (mean, 3.6 h; 

SD, 1.6 h; median , 3.1 h ) . 



Tempora1 R e l a t i o n s 

As a f i r s t s t e p i n t h e a n a l y s i s o f t e m p o r a l r e l a t i o n s h i p s among MSEs 

and naps, t h e r e l a t i o n s h i p between s u c c e s s i v e MSEs was ex a m i n e d . 

D u r i n g t h e f i r s t days i n a t i m e - f r e e e n v i r o n m e n t i t i s not uncommon 

f o r s u b j e c t s t o e x h i b i t t r a n s i e n t s t a t e s i n wh i c h t h e o n s e t s o f s u c ­

c e s s i v e MSEs do not n e c e s s a r i l y o c c u r s y s t e m a t i c a l l y l a t e r , as i s 

t y p i c a l i n t h e " f r e e - r u n n i n g " c o n d i t i o n . As can be seen i n T a b l e 1, 

t h i s was c l e a r l y t h e ca s e i n t h e 72 h o f d i s e n t r a i n m e n t . O nly one sub­

j e c t (CBB) showed s y s t e m a t i c a l l y l a t e r s l e e p o n s e t t i m e s f o r MSEs. 

However, a c l e a r f r e e - r u n n i n g t r e n d was p r e s e n t i n t h e mean group 

d a t a , w i t h t h e mean "day" (measured from t h e o n s e t o f a MSE t o t h e 

o n s e t o f t h e n e x t MSE) d u r i n g d i s e n t r a i n m e n t c o n t i n u i n g f o r 25.2 h. 

A l s o shown i n T a b l e 1 a r e o n s e t t i m e s o f s u c c e s s i v e naps a c r o s s t h e 

3 days o f d i s e n t r a i n m e n t . As was t h e case w i t h MSEs, most s u b j e c t s d i d 

not show t e n d e n c i e s f o r s y s t e m a t i c a l l y l a t e r o n s e t t i m e s f o r nap s l e e p 

( n o t a b l y , t h e o n l y s u b j e c t who showed " f r e e - r u n n i n g " i n MSEs a l s o e x ­

h i b i t e d " f r e e - r u n n i n g " n a p s ) . However, a l s o i n c o r r e s p o n d e n c e w i t h t h e 

f i n d i n g s o f MSEs, t h e r e was a c l e a r t r e n d f o r naps t o " r u n f r e e " when 

group d a t a were c o n s i d e r e d . Because on a few o c c a s i o n s a s i n g l e sub­

j e c t e x h i b i t e d two naps on a g i v e n day, i t was n e c e s s a r y t o c a l c u l a t e 

more t h a n one mean "nap day" (measured from t h e mean o n s e t of naps on 

one day t o t h e mean o n s e t o f naps on t h e f o l l o w i n g d a y ) . However, as 

can be s e e n , v a l u e s d i d not d i f f e r s i g n i f i c a n t l y , and t h e mean "nap 

day" c o n t i n u e d f o r about 24.8 h. 

In summary, t h e n , s l i g h t l y o v e r 25 h s e p a r a t e d one MSE f r o m t h e n e x t 

d u r i n g d i s e n t r a i n m e n t . S i m i l a r l y , on a v e r a g e , s l i g h t l y under 25 h sep ­

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

P l a c e m e n t o f Naps R e l a t i v e t o MSEs 

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

naps r e l a t i v e t o a d j a c e n t MSEs. The a v e r a g e s l e e p / w a k e c y c l e l e n g t h 

f o r a l l MSEs and naps ( i . e . , f r o m t h e o n s e t o f each MSE t o t h e o n s e t 

o f a s u b s e q u e n t nap, and from t h e o n s e t o f each nap t o t h e o n s e t o f 

t h e s u b s e q u e n t MSE) was 12.3 h (SD, 3.8 h; median, 12.3 h ) . However, 

t h e r e was a d i f f e r e n c e i n t h e c y c l e l e n g t h s measured from MSEs t o naps 

(mean, 14.6 h; SD, 2.8 h) and t h o s e measured from nap o n s e t s t o sub-



T a b l e 1. Onset t i m e s f o r s u c c e s s i v e m a j o r s l e e p e p i s o d e s (MSEs) and f o r s u c c e s s i v e n aps. ( B l a n k s 
do n o t n e c e s s a r i l y mean s u b j e c t d i d not s l e e p , but r a t h e r t h a t s l e e p p e r i o d s c o u l d not be c l a s s i -
f i ed as naps o r MSEs.) 
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18:59 

17:01 

8:47 

14:14 

22 :26 

23:23 

00:06 

03:04 

03:57 

MSE 
Mean 
(SD) 

Nap 
Mean 
(SD) 

24:17 
(1.1 h) 

13:25/14:03 

(1.6 h) (2.0 h) 

2 2 : 3 7 -
(2.6 h) 

^ 24.7 h> 

i 24.8 h <r 

* 25.5 h t 

14:07/14:49 

(2.5 h) (2.9 h) 
1 I 

•24:07 
(1.8 h) 

24.9 hfc 

3 24.9 h * 

15:04/15:34 

. . (3.5 h) (3.7 h) 
•^24.8 hfe- 1 

- 2 4 : 5 9 
(2.4 h) 



s e q u e n t MSEs (mean, 9.9 h; SD, 3.3 h) (U = 7 6 , p < 0.0001, two-

t a i l e d ) . In o t h e r words, t h e i n i t i a t i o n o f naps t e n d e d t o o c c u r about 

60% t h r o u g h t h e MSE t o MSE s l e e p / w a k e c y c l e . 

R e l a t i o n s h i p s t o T e m p e r a t u r e 

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

c e s s i v e o n s e t s o f both MSEs and o f naps, as w e l l as c i r c a s e m i d i a n p e r ­

i o d i c i t y between MSEs and s u b s e q u e n t naps. We n e x t a n a l y z e d t h e r e l a ­

t i o n s h i p between t h e c i r c a d i a n rhythm o f body c o r e t e m p e r a t u r e and t h e 

two g r o u p s of s l e e p e p i s o d e s , as shown i n F i g . 6. The f i g u r e shows t h e 

a v e r a g e t e m p e r a t u r e c u r v e f o r a l l s u b j e c t s a c r o s s t h e 72 h o f d i s e n ­

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

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

or p a r t o f any g i v e n hour d u r i n g d i s e n t r a i n m e n t . Shown below t h e tem­

p e r a t u r e c u r v e ( b l a c k b a r s ) a r e t h e a v e r a g e o n s e t s and d u r a t i o n s o f 

MSEs and naps, as d e s c r i b e d i n T a b l e 1. 
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F i g . 6. R e l a t i o n s h i p between s l e e p e p i s o d e s r e c o r d e d i n d i s e n t r a i n m e n t 
and c i r c a d i a n rhythm o f body c o r e t e m p e r a t u r e . Above t h e t e m p e r a t u r e 
c u r v e ( a v e r a g e d a c r o s s a l l s u b j e c t s ) i s a summation h i s t o g r a m o f t h e 
number o f s u b j e c t s a s l e e p d u r i n g any g i v e n hour d u r i n g d i s e n t r a i n m e n t . 
Shown below t h e t e m p e r a t u r e c u r v e ( b l a c k b a r s ) a r e a v e r a g e o n s e t s and 
d u r a t i o n s o f m a j o r s l e e p e p i s o d e s and naps 



Group s l e e p t e n d e n c y , b o t h f o r MSEs and naps, e x h i b i t e d a c l e a r phase 

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

t i o n s , t h e MSEs (as r e f l e c t e d by a v e r a g e o n s e t t i m e as w e l l as t o t a l 

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

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

image o f t h e c i r c a d i a n r hythm i n body c o r e t e m p e r a t u r e . In a d d i t i o n , 

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

s pondence w i t h d a i l y maxima i n t e m p e r a t u r e . T h i s t e n d e n c y i s b e s t seen 

i n t h e m i d d l e o f t h e f i g u r e (day 2 o f d i s e n t r a i n m e n t ) when group s l e e p 

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

t e m p e r a t u r e . 

S t r u c t u r a l C h a r a c t e r i s t i e s 

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

MSEs vs naps. O v e r a l l s t r u c t u r a l p a r a m e t e r s o f t h e two g r o u p s of s l e e p 

e p i s o d e s a r e shown i n T a b l e 2. O n l y REM s l e e p p e r c e n t a g e s d i f f e r e d 

s i g n i f i c a n t l y between t h e two g r o u p s , w i t h naps a v e r a g i n g a b o u t 30% 

l e s s REM s l e e p t h a n MSEs. However, t h e v a r i a b i l i t y o f mean p e r c e n t a g e s 

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

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

t o s t a g e 4 v a l u e s , where t h e d i f f e r e n c e between mean and median meas­

u r e s i s d r a m a t i c ( 7 . 8 % vs 0 . 6 1 % ) . The d i s t r i b u t i o n o f s t a g e 4 v a l u e s 

d u r i n g naps was e s s e n t i a l l y b i m o d a l w i t h naps b e i n g c h a r a c t e r i z e d by 

e i t h e r no s t a g e 4 o r o v e r 10% o f s t a g e 4. Naps w i t h o n s e t s between 

1300 and 1700 showed median s t a g e 4 amounts o f 5.5%. In c o n t r a s t , a l l 

o t h e r naps were c h a r a c t e r i z e d by median s t a g e 4 v a l u e s o f 0%. In gen­

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

showed a g r e a t e r t e n d e n c y f o r t h e o c c u r r e n c e o f s t a g e 4. 

DISCUSSION 

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

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

s l e e p i t s e l f , s u b j e c t s e x h i b i t e d s l e e p / w a k e b e h a v i o r c h a r a c t e r i z e d by 

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

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

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

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



T a b l e 2. O v e r a l l s t r u c t u r a l p a r a m e t e r s o f m a j o r s l e e p e p i s o d e s (MSEs) 
and naps r e c o r d e d d u r i n g d i s e n t r a i n m e n t 

M a j o r s l e e p e p i s o d e s (MSEs) Naps 

L a t e n c y Mean (SD) Medi an Mean (SD) Medi an 

SWS 14.3 min ( 4 . 5 ) 14.5 19.1 min ( 9 . 4) 19.0 

REM 91.3 min ( 4 4 . 9 ) 75.5 48.4 min (14. 2) 49.3 

S t a g e {%) 

0 5.5 ( 3 . 4 ) 5.5 5.6 (6. 7) 2.9 

1 4.6 ( 2 . 2 ) 4.4 6.6 (6. 5) 5.5 

2 55.1 ( 6 . 3 ) 53.9 58.5 (12. 2) 58.0 

3 7.6 ( 3 . 9 ) 7.2 7.5 ( 8 . 4) 4.3 

4 7.3 ( 3 . 6 ) 6.9 7.8 ( 1 1 . 3) 0.6 

R 19.8 ( 7 . 1 ) 20.5 13.7 (10. 3) 15.5 

C o m p lete 100 60. 9 

U s u a l 
s l e e p s t a g e 
s e q u e n c i ng 

(%) 
100 100 

• S 1 ? e p 8.8 h ( 2 . 7 ) 
d u r a t i o n 

P r i o r 
w a k e f u l n e s s 

7.7 h ( 2 . 6 ) 

9.8 

7.5 

1 .7 h (0.89) 1.4 

3.6 h ( 1 . 6 ) 3.1 

s l e e p / w a k e s y s t e m i s c h a r a c t e r i z e d not o n l y by a s t r o n g p r o p e n s i t y t o 

o b t a i n a MSE once p e r c i r c a d i a n day, but a l s o by a p r o m i n e n t t e n d e n c y 

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

s i v e " n i g h t ' s s l e e p " e p i s o d e s . 

The f i n d i n g t h a t a v e r a g e nap t i m e s m a i n t a i n e d a g e n e r a l phase r e l a ­

t i o n s h i p n o t o n l y w i t h MSEs, but a l s o w i t h t h e group a v e r a g e rhythm o f 

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

t h e n y c hthemeron was a co n s e q u e n c e o f t h e e x i s t e n c e o f a second p r e ­

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

maximum. T h i s s u g g e s t i o n i s a l s o s u p p o r t e d by a r e c e n t s t u d y i n w h i c h 

we a n a l y z e d t h e d a t a o f s u b j e c t s who, c o n t r a r y t o e x p e r i m e n t a l i n ­

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



(ZULLEY and CAMPBELL 19 8 5 a , b ) . S l e e p e p i s o d e s s u b j e c t i v e l y p e r c e i v e d 

as "naps", and w i t h d u r a t i o n s s i m i l a r t o t h o s e o f naps i n t h e p r e s e n t 

s t u d y , showed a c l e a r t e n d e n c y t o o c c u r a b o u t h a l f w a y between s u c c e s ­

s i v e minima o f body c o r e t e m p e r a t u r e . 

Under e n t r a i n e d c o n d i t i o n s , such a phase p o s i t i o n f o r s l e e p t e n d e n c y 

would c o r r e s p o n d t o t h e e a r l y a f t e r n o o n ( r o u g h l y 1 4 0 0 - 1 6 0 0 ) , a t i m e 

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

p i n g i s f r e q u e n t l y r e p o r t e d (DINGES e t a l . 1983; 0GUNREMI 1978; 

0KUDAIRA e t a l . 1983; WEBB 19 7 8 ) . T h i s i n t e r v a l a l s o c o r r e s p o n d s t o a 

t i m e o f peak o c c u r r e n c e o f s t a g e 2 i n t h e EEGs o f young a d u l t s a t ­

t e m p t i n g t o s l e e p e v e r y 20 min a c r o s s t h e day (LAVIE and SCHERS0N 

1981 ). 

The r e l a t i o n s h i p between naps and t h e phase o f body c o r e t e m p e r a t u r e 

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

o f t h e s e s l e e p e p i s o d e s , r e l a t i v e t o MSEs. REM s l e e p amounts show 

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

o r d e d d u r i n g s l e e p e p i s o d e s o c c u r r i n g i n c o i n c i d e n c e w i t h maximum body 

c o r e t e m p e r a t u r e (AKERSTEDT and GILLBERG 1981; END0 e t a l . 1981; HUME 

and MILLS 1 9 7 7 ) . T h i s c i r c a d i a n v a r i a t i o n i n REM s l e e p amount r e s u l t e d 

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

m a j o r and nap s l e e p e p i s o d e s . 

L i k e w i s e , t h e w e l l - e s t a b l i s h e d c i r c a d i a n v a r i a t i o n i n REM s l e e p l a ­

t e n c y (CAMPBELL and ZULLEY, i n p r e s s ; HUME 1978; KARACAN e t a l . 1970; 

TAUB and BERGER 1973; WEBB and AGNEW 1978) r e s u l t e d i n s i g n i f i c a n t 

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

as wel1 ( s e e T a b l e 2 ) . 

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

d i f f e r e n c e s i n a v e r a g e d u r a t i o n o f naps vs MSEs ( a l s o as a r e s u l t o f 

t h e i n f l u e n c e o f t h e c i r c a d i a n rhythm of body c o r e t e m p e r a t u r e ; 

CZEISLER e t a l . 1980; ZULLEY 1 9 8 0 ) , t h e two g r o u p s o f s l e e p p e r i o d s 

showed r e m a r k a b l e s i m i l a r i t i e s i n o v e r a l l s t r u c t u r e and makeup. P r o b ­

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

o f t h e naps were c h a r a c t e r i z e d by t h e a b s e n c e o f slow-wave s l e e p 

(SWS), REM s l e e p , o r b o t h s t a t e s o f s l e e p . However, a l l " c o m p l e t e " 

naps ( i . e . , t h o s e c o n t a i n i n g b o t h SWS and REMS) showed s l e e p s t a g e 

s e q u e n c i n g c h a r a c t e r i s t i c o f t y p i c a l ( n o c t u r n a l ) s l e e p , w i t h SWS 

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

t h e r e were no s i g n i f i c a n t d i f f e r e n c e s i n t h e s l e e p s t a g e p e r c e n t a g e s 



between c o m p l e t e naps and MSEs. Thus, i n c o n t r a s t t o t h e f i n d i n g s o f 

WEITZMAN e t a l . (1974) r e g a r d i n g s c h e d u l e d naps, o u r f i n d i n g s i n d i c a t e 

t h a t n aps, t a k e n ad l i b i t u m , q u i t e o f t e n a r e m i n i a t u r e s o f t h e normal 

8 h s l e e p p a t t e r n . From t h e s e f i n d i n g s i t can be c o n c l u d e d t h a t t h e 

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

t h e c o m p o s i t i o n o f naps. 

Both t h e f i n d i n g t h a t naps m a i n t a i n a g e n e r a l phase r e l a t i o n s h i p w i t h 

body c o r e t e m p e r a t u r e , and t h a t t h e y s h a r e s t r u c t u r a l s i m i l a r i t i e s 

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

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

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

t h a t naps a r e r e g u l a t e d by t h e same m e c h a n i s m ( s ) m e d i a t i n g n o c t u r n a l 

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

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

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

b e h a v i o r i n e n v i r o n m e n t s w h i c h a r e not c h a r a c t e r i z e d by such d r a s t i c 

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

t o " s l e e p when you f e e l s l e e p y " , g i v e n t o a s u b j e c t i n an o t h e r w i s e 

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

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

(10 d a y s ) d u r i n g w h i c h t h e s u b j e c t was i n s t r u c t e d n ot t o nap (CAMPBELL 

and ZULLEY i n p r e p a r a t i o n ) . WEBB and AGNEW (1974) r e p o r t e d s i m i l a r 

f i n d i n g s i n seven s u b j e c t s m a i n t a i n e d under e q u i v a l e n t c o n d i t i o n s . 

And, as m e n t i o n e d above, i n s t r u c t i o n s n o t t o nap do n o t g u a r a n t e e t h a t 

n a p p i n g w i l l n o t o c c u r . Such examples seem t o c o n f i r m t h e u b i q u i t y o f 

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

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

ment. 

N e v e r t h e l e s s , i t i s q u i t e l i k e l y t h a t t h e b a s a l , s t a t i c b e h a v i o r a l 

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

hood t h a t t h e p h y s i o l o g i c a l t e n d e n c y f o r s l e e p would be e x p r e s s e d un­

a m b i g u o u s l y i n t h e form o f naps. T h i s , o f c o u r s e , was t h e r a t i o n a l e 

b e h i n d i n v o k i n g such c o n d i t i o n s . 

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

t i o n and t h e m i n i m i z a t i o n o f b e h a v i o r a l o p t i o n s t o s l e e p was t o i n ­

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

j e c t s a v e r a g e d 10.4 h of s l e e p p e r 24 h i n d i s e n t r a i n m e n t compared 

w i t h t h e 7-8 h t y p i c a l o f normal c o n d i t i o n s . The i n c r e a s e was due bo t h 



t o a l e n g t h e n i n g o f MSEs as w e l l as t h e a d d i t i o n o f nap s l e e p . At 

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

t o t h e c o n d i t i o n s imposed. 

The s l e e p r e c o r d e d f rom human s u b j e c t s under t h e s e c o n d i t i o n s i s com­

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

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

t i o n s , i n w h i c h n u t r i t i o n a l r e q u i r e m e n t s a r e met, no r e s t r i c t i o n s a r e 

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

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

ment i n t h e c h a m b e r ) , t h e amounts o f s l e e p o b s e r v e d r e f l e c t t h e sy s t e m 

w o r k i n g a t maximum c a p a c i t y r a t h e r t h a n a t a l e v e l w h i c h , i n d a i l y 

l i f e , i s l i m i t e d by e n v i r o n m e n t a l demands such as p r e d a t o r p r e s s u r e , 

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

Whether such l i m i t a t i o n s on t h e s l e e p s y s t e m r e s u l t i n c h r o n i c s l e e p 

d e p r i v a t i o n i s a m a t t e r o f c o n j e c t u r e . WEBB and AGNEW (1975) have p r e ­

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

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

d i e t s " . ( K l e i t m a n ( 1 9 6 3 , p. 307) c i t e s a s o u r c e (Camp 1923) who "main­

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

as r e p r e h e n s i b l e as o v e r e a t i n g " . ) 

Whether we a r e d e p r i v e d o r s i m p l y r e s t r a i n e d by o u r e n v i r o n m e n t , i t i s 

c l e a r t h a t t h e e x c l u s i o n o f naps f r o m o u r u s u a l s l e e p o r g n i z a t i o n can 

be t o l e r a t e d i n d e f i n i t e l y ( v i r t u a l l y an e n t i r e l i f e t i m e ) w i t h o u t no­

t i c e a b l y d e t r i m e n t a l c o n s e q u e n c e s . However, t h a t we a r e a b l e t o f u n c ­

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

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

t h e i n t r o d u c t i o n o f t h i s c h a p t e r , we drew a p a r a l l e l between t h e human 

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

t r o l s , and a r i v e r , t h e c o u r s e o f w h i c h has been m o d i f i e d by t h e impo­

s i t i o n o f a r t i f i c i a l b a r r i e r s . As w i t h t h e human s y s t e m , t h e m i l i e u o f 

t h e r i v e r i s e s s e n t i a l l y undamaged by t h e e s t a b l i s h m e n t o f such c o n ­

t r o l s , and i t s u t i l i t y t o s o c i e t y i s c l e a r l y enhanced as a c o n s e q u e n c e 

o f such s t r u c t u r i n g . As s u c h , t h e i m p o s i t i o n o f b e h a v i o r a l c o n t r o l s i s 

b e n e f i c i a l . 

Y e t , i f one w i s h e s t o examine t h e n a t u r a l h i s t o r y o f t h e r i v e r , b a r ­

r i e r s such as dams and l e v e e s l o s e t h e i r u t i l i t y and i n s t e a d become 

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

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



t i c s . In t h e same way, t h e n a t u r a l p r o g r e s s i o n o f s l e e p and w a k e f u l ­

ness a c r o s s t h e nychthemeron c a n n o t be a d e q u a t e l y e v a l u a t e d i n t h e 

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

i n f l u e n c e i t s t r u e e x p r e s s i o n . 

In summary, t h e p r e s e n t f i n d i n g s i n d i c a t e t h a t when t h e o b s t r u c t i o n s 

a r e removed, what r e m a i n s i s a r a t h e r l a b i l e o r g a n i z a t i o n o f s l e e p and 

w a k e f u l n e s s c h a r a c t e r i z e d by a t l e a s t two i n t e r v a l s o f e l e v a t e d drow­

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

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

t i v e s t r e n g t h of e n v i r o n m e n t a l r e s t r a i n t s t h a t d e t e r m i n e s t h e e x t e n t 

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

e x p r e s s e d i n t h e u n e q u i v o c a l form o f naps. 
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