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ABSTRACT 

The c u r r e n t s t a t e of e v i d e n c e f o r p o p u l a t i o n - l e v e l and 
i n d i v i d u a l l a t e r a l motor asymmetries i n nonhuman p r i m a t e s i s 
e v a l u a t e d i n a r e v i e w of t h e e x i s t i n g l i t e r a t u r e . I t i s 
a c c e p t e d t h a t t h e e x i s t e n c e of a p o p u l a t i o n - l e v e l l e f t hand 
b i a s f o r s i m p l e r e a c h i n g i n p r o s i m i a n s i s e s s e n t i a l l y 
p r o v e n . There a p p e a r s t o be an im p o r t a n t a s s o c i a t i o n between 
i n c r e a s e d p o s t u r a l demands and i n c r e a s e d s t r e n g t h of 
p r e f e r e n c e s i n p r o s i m i a n s , monkeys and apes. Simple r e a c h i n g 
t a s k s a r e i n a d e q u a t e t o r e v e a l u n d e r l y i n g p r e f e r e n c e s i n the 
m a n u a l l y s o p h i s t i c a t e d monkeys and apes. More complex 
unimanual and bimanual t a s k s t e n d t o e l i c i t i n d i c a t i o n s of a 
p r e f e r e n c e f o r use of t h e r i g h t hand f o r f i n e m a n i p u l a t i o n 
of o b j e c t s . Few i n v e s t i g a t i o n s of l a t e r a l p r e f e r e n c e s i n 
C a l l i t r i c h i d s have been conducted so f a r , and s t u d i e s 
l i n k i n g hand p r e f e r e n c e s t o whole-body t u r n i n g b e h a v i o u r 
have been c o n f i n e d t o p r o s i m i a n s , and then o n l y u s i n g 
i n d u c e d r a t h e r t h a n spontaneous measures. There has been no 
attempt t o s y s t e m a t i c a l l y i n v e s t i g a t e l a t e r a l i t y i n manual 
grooming. 

O b s e r v a t i o n s of l a t e r a l p r e f e r e n c e s i n spontaneous 
f e e d i n g , grooming and t u r n i n g b e h a v i o u r were conducted on 21 
c a p t i v e C a l l i t r i c h i d p r i m a t e s . F o c a l samples were r e c o r d e d 
u s i n g a l a p t o p computer and s p e c i a l l y developed s o f t w a r e . 
R e s u l t s i n d i c a t e no p o p u l a t i o n - l e v e l l a t e r a l i t y f o r any 
sampled a c t i v i t y . Most s u b j e c t s p a s s e d o b j e c t s more o f t e n 
from r i g h t t o l e f t hands. P r e f e r e n c e s were v a r i a b l e i n both 
s t r e n g t h and d i r e c t i o n . S t r e n g t h of t u r n i n g p r e f e r e n c e was 
a s s o c i a t e d w i t h s t r e n g t h of i n t e r m a n u a l t r a n s f e r and 
grooming p r e f e r e n c e s . I t i s s u g g e s t e d t h a t use of a 
p r e f e r r e d f o r e l i m b f o r support when t u r n i n g may be a 
p r e d i c t o r of l a t e r a l p r e f e r e n c e i n t h e s e a c t i v i t i e s . Females 
made more c o n s e c u t i v e l e f t t u r n s t h a n males. T h i s may be due 
t o s t r o n g e r r i g h t f o r e l i m b p r e f e r e n c e f o r s u p p o r t i n g 
p o s t u r e . 
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INTRODUCTION 

The t r a d i t i o n a l v i e w t h a t p o p u l a t i o n - l e v e l a s y m m e t r i e s 
o f h a n d p r e f e r e n c e and l e f t h e m i s p h e r e m o t o r s p e c i a l i z a t i o n 
a r e u n i q u e c h a r a c t e r i s t i c s o f man has r e c e n t l y been 
c h a l l e n g e d by M a c N e i l a g e e t al (1987) . I n t h e i r 
c o n t r o v e r s i a l r e v i e w t h e y c l a i m e d t h a t t h e r e was e v i d e n c e 
t h a t nonhuman p r i m a t e s t e n d t o p r e f e r t h e l e f t hand f o r 
v i s u a l l y - g u i d e d r e a c h i n g movements and t h e r i g h t f o r f i n e 
m a n i p u l a t i o n . They went on t o p r o p o s e a " P o s t u r a l O r i g i n s " 
m o d e l t o a c c o u n t f o r t h i s . The s u g g e s t i o n i s t h a t manual 
l a t e r a l i t y e v o l v e d f i r s t l y f r o m a l e f t hand, r i g h t 
h e m i s p h e r e p r e f e r e n c e f o r v i s u a l l y - g u i d e d hand movement i n 
e a r l y p r o s i m i a n s , a c c o m p a n i e d by a r i g h t f o r e l i m b 
s p e c i a l i z a t i o n f o r p o s t u r a l s u p p o r t . The d e v e l o p m e n t i n 
monkeys o f a more u p r i g h t p o s t u r e d e c r e a s e d demands upon t h e 
r i g h t h a n d f o r s u p p o r t and a l l o w e d i t t o become s p e c i a l i z e d 
f o r f i n e m a n i p u l a t i o n and b i m a n u a l c o o r d i n a t i o n . 

However many c o m m e n t a t o r s have f e l t t h a t t h e e v i d e n c e 
p r e s e n t e d was r a t h e r weak. The M a c N e i l a g e e t a J r e v i e w has 
p r o v o k e d a r e s u r g e n c e o f i n t e r e s t i n nonhuman p r i m a t e 
h a ndedness and has s t i m u l a t e d a good d e a l o f new r e s e a r c h . 
The b e s t o f t h i s r e c e n t work i s c h a r a c t e r i z e d by t h e use o f 
more a p p r o p r i a t e measures, c r i t e r i a and t e c h n i q u e s and a 
s h i f t o f e m p h a s i s t o w a r d s v i e w i n g handedness, n o t as a 
s i m p l e t r a i t , b u t as a h i g h l y t a s k and s i t u a t i o n - d e p e n d e n t 
phenomenon. 

T h i s s t u d y e x a m i n e s t h e c u r r e n t s t a t e o f e v i d e n c e f o r 
nonhuman p r i m a t e l a t e r a l i t y . O b s e r v a t i o n s a r e r e p o r t e d o f 
t h e s p o n t a n e o u s f e e d i n g , g r o o m i n g and l o c o m o t o r b e h a v i o u r s 
o f 21 c a p t i v e C a l l i t r i c h i d p r i m a t e s , o f s i x s p e c i e s , housed 
a t London Zoo. T h i r t y t w o h o u r s o f f o c a l o b s e r v a t i o n s were 
c o l l e c t e d u s i n g a l a p t o p p e r s o n a l c o m p u t e r r u n n i n g a d a t a ­
l o g g i n g p r o g r a m w h i c h was s p e c i a l l y d e v e l o p e d f o r t h i s 
s t u d y . 



LITERATURE REVIEW 

L a t e r a l i t y i n Animals and Humans. 
I t i s a f a c t t h a t r o u g h l y 90% of modern humans p r e f e r 

t o u s e t h e r i g h t hand f o r most unimanual a c t i v i t i e s . T h i s 
f u n c t i o n a l asymmetry i n motor b e h a v i o u r i s the most s t r i k i n g 
outward i l l u s t r a t i o n of t h e u n d e r l y i n g s u i t e of l a t e r a l i z e d 
f u n c t i o n s i n t h e c e r e b r a l hemispheres, which s u b s e r v e our 
l i n g u i s t i c and e m o t i o n a l c a p a b i l i t i e s as w e l l as our 
p e r c e p t u a l and motor a b i l i t i e s . 

T h i s f u n c t i o n a l l a t e r a l i z a t i o n i s r a t h e r s t a b l e between 
d i f f e r e n t human p o p u l a t i o n s (Salmaso & Longoni, 1985), and 
t h e p r e v a i l i n g v i e w has been t h a t t h i s i s a unique, and 
p e r h a p s d e f i n i t i v e , c h a r a c t e r i s t i c of humans (Warren, 1980). 

I t i s now known t h a t l a t e r a l i t y i n v a r i o u s forms i s t o 
be found i n a v a r i e t y of s p e c i e s (Rogers, 1993), and the 
e v i d e n c e has been a c c u m u l a t i n g f o r many y e a r s . Friedman & 
D a v i s (1938) r e p o r t e d l e f t - h a n d e d n e s s f o r h a n d l i n g food 
i t e m s i n s e v e r a l s p e c i e s of A f r i c a n p a r r o t s . L e f t - h e m i s p h e r e 
c o n t r o l of s i n g i n g has been demonstrated i n a number of 
s o n g b i r d s p e c i e s (Nottebohm, 1971, 1 9 7 6 ) . I n c h i c k e n s the 
r i g h t hemisphere i s u s e d f o r c o n t r o l of a g o n i s t i c and 
c o p u l a t o r y r e s p o n s e s (Howard, Rogers & Boura, 1980). The 
c a t , r a t , r a b b i t and mouse a l l a p p a r e n t l y have l a r g e r r i g h t 
h e m i s p h e r e s (Kolb e t a i , 1 9 8 2 ) , 

The numbers of such examples t o be found i n the 
l i t e r a t u r e and t h e d i v e r s i t y of s p e c i e s r e p r e s e n t e d s u g g e s t s 
t h a t l a t e r a l i z a t i o n of f u n c t i o n s and h e m i s p h e r i c 
s p e c i a l i z a t i o n i s a common a d a p t a t i o n i n a n i m a l s , and i s 
l i k e l y t o have a r i s e n r a t h e r e a r l y i n e v o l u t i o n , and 
r e p e a t e d l y i n d i f f e r e n t forms. The s p e c i f i c a d a p t a i o n a t 
i s s u e ' i n t h i s r e v i e w , t h e p r e f e r e n c e of one hand f o r 
unimanual a c t i v i t i e s i s b e s t documented i n humans. I t would 
be p u z z l i n g i n d e e d i f some e v i d e n c e f o r analogous, or 
p e r h a p s homologous, manual s p e c i a l i z a t i o n were not p r e s e n t 
among t h e e x t a n t , nonhuman p r i m a t e s . Yet such e v i d e n c e has 
been s u r p r i s i n g l y e l u s i v e and d i f f i c u l t t o i n t e r p r e t . The 
c a s e f o r an e v o l u t i o n a r y p r e c u r s o r t o human handedness i s 
s t i l l v e r y f a r from b e i n g proven. 



E a r l y i n v e s t i g a t i o n s i n t o handedness i n nonhuman 
p r i m a t e s (e.g. Warren, 1953; C o l e , 1957; H a l l & Mayer, 1966) 
have c e r t a i n l y shown t h a t some, or perhaps most, i n d i v i d u a l s 
of a number of s p e c i e s do become l a t e r a l i z e d t o f a v o u r one 
hand f o r a g i v e n t a s k , o f t e n markedly so. However t h e s e 
s t u d i e s have a l s o s u g g e s t e d t h a t the d i r e c t i o n of 
l a t e r a l i z a t i o n was r a t h e r l a b i l e , o n t o g e n e t i c a l l y f o r the 
i n d i v i d u a l , and t h e c h o i c e of p r e f e r r e d hand was e s s e n t i a l l y 
a random one. They d i d not i n d i c a t e t h e p r e s e n c e of s p e c i e s -
s p e c i f i c a d a p t a t i o n s f o r use of a p r e f e r r e d hand, but r a t h e r 
i m p l y i n d i v i d u a l p e f e r e n c e s a r i s i n g from e a r l y e x p e r i e n c e 
and r e i n f o r c e m e n t . I n d e e d t h e s e s t u d i e s , as w e l l as many 
more r e c e n t ones, t y p i c a l l y f i n d t h a t a g i v e n p o p u l a t i o n has 
a p p r o x i m a t e l y e q u a l numbers of d e x t r a l and s i n i s t r a l 
members, w i t h a v a r i a b l e p r o p o r t i o n of ambidextrous a n i m a l s , 
depending on t h e s t r i n g e n c y of the s t a t i s t i c a l c r i t e r i o n 
u s e d t o a s s i g n handedness. 

The n o t i o n t h a t nonhuman p r i m a t e s do not show 
p o p u l a t i o n - l e v e l d e v i a t i o n of hand p r e f e r e n c e i n the human 
s e n s e has p e r v a d e d t h e p s y c h o b i o l o g i c a l l i t e r a t u r e . T h e o r i e s 
advanced t o e x p l a i n t h e "unique" b e h a v i o u r a l and a n a t o m i c a l 
a s y m m e t r i e s found i n humans tended t o r e i n f o r c e t h i s view t o 
t h e e x t e n t , t h a t f o r many r e s e a r c h e r s , i t has been 
c o n s i d e r e d more o r l e s s a x i o m a t i c . T h i s has i n h i b i t e d 
f u r t h e r r e s e a r c h i n t o t h e e s s e n t i a l f a c t s . Annett (1980) f o r 
example, p r e s e n t s t h e " R i g h t S h i f t " t h e o r y i n which 
handedness i s under t h e c o n t r o l of a s i n g l e Mendelian gene. 
The 20% of humans who a r e presumed t o l a c k the "rs+" a l l e l e 
a r e n o r m a l l y d i s t r i b u t e d a l o n g a continuum, from v e r y l e f t -
t o v e r y r i g h t - h a n d e d , w i t h most b e i n g of mixed handedness t o 
some e x t e n t . The o t h e r 80%, who do have the r s + a l l e l e form 
a r i g h t skewed d i s t r i b u t i o n . When superimposed one group 
upon t h e o t h e r , t h e o v e r a l l p i c t u r e i s of a human p o p u l a t i o n 
w i t h many r i g h t - h a n d e r s , a s i z e a b l e p r o p o r t i o n w i t h mixed 
handedness and r a t h e r few s t r o n g l y l a t e r a l i z e d l e f t - h a n d e r s . 
A s i t u a t i o n v e r y c l o s e , i n f a c t , t o what i s a c t u a l l y 
o b s e r v e d . The " R i g h t S h i f t " gene, Annett argues, i s a unique 
human a t t r i b u t e . The t h e o r y also implies t h a t handedness i s 



a s i m p l e , s i n g l e t r a i t , which much r e c e n t e v i d e n c e s t r o n g l y 
s u g g e s t s i s not t h e c a s e (e.g. Healey e t a i , 1986). 

I t has a l s o been s u g g e s t e d t h a t s h a r e d use of t o o l s was 
t h e major f u n c t i o n a l , p r o x i m a t e advantage and s h a p i n g f o r c e 
i n t h e e v o l u t i o n of l a t e r a l i z e d l i m b u s e . ( F r o s t , 1980; 
Bradshaw & N e t t l e t o n , 1982), a l t h o u g h i t i s not made c l e a r 
whether t h e undoubted e x i s t e n c e of l a r g e numbers of r i g h t -
handed s t o n e t o o l s (Oakley, 1972; D a r t , 1949) s h o u l d be 
r e g a r d e d as c a u s e or e f f e c t . I t i s f u r t h e r c l a i m e d t h a t 
t h i s s t i m u l a t e d t h e s p e c i a l i z a t i o n of t he l e f t hemisphere 
f o r language. C a l v i n (1982) c l a i m s t h a t stone throwing, 
r a t h e r t h a n t o o l m a k i n g , may have shaped hominid b r a i n 
e v o l u t i o n . 

I n a r e v i e w of s e v e r a l s e t s of d a t a accumulated p r i o r 
t o 1980, Warren (1980) c h a r a c t e r i z e s hand p r e f e r e n c e s 
o b s e r v e d i n nonhuman p r i m a t e s as b e i n g : i ) S y m m e t r i c a l l y 
d i s t r i b u t e d i n t h e p o p u l a t i o n , w i t h no s i g n i f i c a n t 
d i f f e r e n c e between t h e numbers of l e f t - and r i g h t - h a n d e r s , 
i i ) Dependent on t h e t a s k and o t h e r s i t u a t i o n a l c o n s t r a i n t s . 
(See a l s o D e u e l & Dunlop, 1980) i i i ) Dependent on l e a r n i n g 
and p r a c t i c e , i v ) Independent of o t h e r f u n c t i o n s known t o be 
l a t e r a l i z e d , s u c h as a c c o u s t i c s i g n a l p r o c e s s i n g . 
F u r t h e r m o r e , Warren c l a i m e d t h a t t h e v a r i o u s forms of 
c e r e b r a l l a t e r a l i t y obseved i n nonhuman s p e c i e s a r e b e s t 
v i e w e d as a n a l o g u e s , r a t h e r t h a n homologues t o human 
s p e c i a l i z a t i o n . 

Warren's vi e w can be c h a l l e n g e d on s e v e r a l grounds (See 
F a g o t & V a u c l a i r , 1991) . H i s account i s o n l y a c c e p t a b l e i n 
t h e absence of s t a t i s t i c a l l y a s y m m e t r i c a l d i s t r i b u t i o n s . 
L a t e r i n t h i s r e v i e w i t w i l l be shown t h a t such 
d i s t r i b u t i o n s do o c c u r . A s y m m e t r i c a l d i s t r i b u t i o n s have a l s o 
been d e m o n s t r a t e d i n f i e l d s t u d i e s and c a p t i v e s t u d i e s w i t h 
n a i v e s u b j e c t s and measures of spontaneous b e h a v i o u r s , where 
t a s k and s i t u a t i o n a l c o n s t r a i n t s a r e m i n i m a l . Independence 
of hand p r e f e r e n c e from h e m i s p h e r i c asymmetries i s no l o n g e r 
t e n a b l e i n t h e l i g h t of e v i d e n c e t h a t t h e r e i s a 
r e l a t i o n s h i p between hand p r e f e r e n c e and s p e c i f i c l e s i o n s i n 
t h e c o n t r a l a t e r a l hemisphere i n monkeys (Garcha e t a i , 1980, 
1982), and a l s o between hand p r e f e r e n c e and r e l a t i v e 



competence of e a c h hemisphere i n a v i s u a l d i s c r i m i n a t i o n 
t a s k . 

I n a comprehensive r e v i e w of s t u d i e s up t o t h e time, 
MacNeilage e t al (1987) s u g g e s t e d t h a t t h e r e was, i n f a c t , 
e v i d e n c e of p o p u l a t i o n - l e v e l hand p r e f e r e n c e s among nonhuman 
p r i m a t e s . They argued t h a t t h e d i f f i c u l t y i n i d e n t i f y i n g 
handedness was due t o t h e m i x t u r e of two d i f f e r e n t forms of 
manual s p e c i a l i z a t i o n . The e v o l u t i o n a r y s c e n a r i o under which 
t h i s manual s p e c i a l i z a t i o n a r o s e has become known as the 
" P o s t u r a l O r i g i n s " t h e o r y . T h i s was a s i g n i f i c a n t 
improvement o v e r e a r l i e r t h e o r e t i c a l models of (human) 
handedness i n s o f a r as i t f u r n i s h e s a framework f o r the 
g e n e r a t i o n o f t e s t a b l e h y p o t h e s e s f o r a range of nonhuman 
p r i m a t e motor b e h a v i o u r s . 

The s u g g e s t i o n of MacNeilage and h i s a s s o c i a t e s i s t h a t 
a l e f t - h a n d p r e f e r e n c e f o r v i s u a l l y - g u i d e d r e a c h i n g and 
g r a s p i n g a r o s e among t h e e a r l y quadrupedal p r o s i m i a n s . As a 
consequence, t h i s r e q u i r e d a r i g h t - f o r e l i m b s p e c i a l i z a t i o n 
f o r p o s t u r a l s u p p o r t . With t h e a d o p t i o n of a more u p r i g h t 
p o s t u r e by monkeys, demands upon t h e s u p p o r t i n g f o r e l i m b 
were reduced, a l l o w i n g t h e r i g h t hand t o become s p e c i a l i z e d 
f o r b i m a n u a l c o o r d i n a t i o n and f i n e m a n i p u l a t i o n , thus 
complementing t h e a c t i v i t i e s of t h e l e f t . 

The e v i d e n c e p r e s e n t e d by MacNeilage e t al from 
p r e v i o u s s t u d i e s was l i m i t e d , and i n t h e o p i n i o n of many 
commentators (e . g . C o r b a l l i s , 1987; G u i a r d , 1987; S t e k l i s & 
Marchant, 1987), s i m p l y too weak t o be c o n v i n c i n g . I t s h o u l d 
be borne i n mind however, t h a t t h e s t u d i e s drawn upon d i d 
not form a t r u l y c o h e r e n t corpus of e v i d e n c e , s i c e a wide 
v a r i e t y of t a s k s , methods and s t a t i s t i c a l c r i t e r i a were 
employed. O f t e n t h e s e u s e d c a p t i v e and immature a n i m a l s and 
a r c a n e , and p o s s i b l y m i s l e a d i n g t e s t i n g regimes. most 
u n h e l p f u l of a l l p e r h a p s , was t h e l a c k of a t h e o r e t i c a l 
framework s u c h as t h a t which t h e r e v i e w e r s t h e m s e l v e s were 
a d v o c a t i n g . 

D e s p i t e i t s l i m i t a t i o n s , and the p a u c i t y of f i r m 
e v i d e n c e , t h e MacNeilage e t a l paper opened a new debate on 
p r i m a t e l a t e r a l i t y and handedness, and s t i m u l a t e d a good 
d e a l of i n t e r e s t and r e s e a r c h . 



L a t e r a l i t y i n P r o s i m i a n s . 

The f i r s t h y p o t h e s i s s u g g e s t e d b y t h e P o s t u r a l O r i g i n s 
i d e a i s t h a t a l e f t - h a n d p r e f e r e n c e f o r v i s u a l l y - g u i d e d 
p r e h e n s i o n s h o u l d be e x p e c t e d among p r o s i m i a n s . T here now 
seems some r e a s o n t o b e l i e v e t h a t such i s t h e case. Ward e t 
a i (1990) a s s e s s e d h a n d p r e f e r e n c e s f o r s i m p l e f o o d r e a c h i n g 
i n a p o p u l a t i o n o f 194 l e m u r s (Lemur S p p . ) . Hand p r e f e r e n c e s 
w e r e p r e s e n t i n 80% o f t h e a n i m a l s t e s t e d , w i t h a 
s i g n i f i c a n t b i a s t o w a r d s use o f t h e l e f t hand. F u r t h e r 
e v i d e n c e o f l e f t - h a n d e d n e s i n l e m u r s i s documented by 
F o r s y t h e & Ward (1988) and M a s a t a k a ( 1 9 8 9 ) . 

The r e l a t i o n s h i p b e t w e e n l a t e r a l i t y and p o s t u r e i m p l i e d 
b y M a c N e i l a g e e t a i has been i n v e s t i g a t e d by F o r s y t h e e t a i 
( 1 9 8 8 ) . They r e p o r t t h a t h a n d p r e f e r e n c e o f r u f f e d l e m u r s 
(Varecia variegata variegata) was much more s e v e r e l y 
l a t e r a l i z e d t o t h e l e f t when t h e a n i m a l s were r e q u i r e d t o 
use a f o r e l i m b f o r p o s t u r a l s u p p o r t w h i l e r e a c h i n g f o r f o o d , 
as compared w i t h a f r e e - f o r a g i n g c o n d i t i o n . The p r e f e r e n t i a l 
u s e o f t h e r i g h t f o r e l i m b f o r s u p p o r t was an e s s e n t i a l 
f e a t u r e o f t h e p o s t u r a l o r i g i n s s c e n a r i o . 

S a n f o r d & Ward (1986) r e p o r t e d l e f t h a n d p r e f e r e n c e s i n 
s e v e n o u t o f e i g h t b u s h b a b i e s ( G a i a g o senegalensis) . S a n f o r d 
e t a i (1984) f o u n d b u s h b a b i e s more s t r o n g l y l e f t - p r e f e r e n t 
when r e a c h i n g f o r f o o d f r o m a b i p e d a l s t a n c e , w h i c h r e q u i r e d 
t h a t t h e w i r e o f t h e cage be g r a s p e d w i t h t h e o t h e r hand. 

A n o t h e r t y p e o f b e h a v i o u r w h i c h may p r o v i d e e v i d e n c e 
f o r l a t e r a l b i a s e s r e l a t e d t o handedness and p o s t u r e i s 
t u r n i n g ( i e . R o t a t i o n a l movement a b o u t t h e l o n g a x i s o f t h e 
bo d y ) . I n r a t s , f o r e x a m p l e , t u r n i n g b i a s e s have been f o u n d 
t o be r e l a t e d t o d i f f e r e n c e s i n dopamine l e v e l s b e t w e e n t h e 
r i g h t a n d l e f t b a s a l g a n g l i a ( C l i c k & S h a p i r o , 1985) and t o 
be c o r r e l a t e d w i t h paw p r e f e r e n c e s and d e v i a t i o n s o f t a i l 
p o s t u r e ( C l i c k , 1973; Ross e t a i , 1981) . I n humans a l s o , 
t u r n i n g p r e f e r e n c e s a r e r e l a t e d t o ha n d p r e f e r e n c e and sex 
i n a d u l t s ( B r a c h a e t a i , 1987) , w h i l e c h i l d r e n o f b o t h sex 
t u r n p r e f e r e n t i a l l y t o t h e l e f t (Gospe e t a i , 1990) . An 
e x a m i n a t i o n o f t u r n i n g p r e f e r e n c e s i n nonhuman p r i m a t e s may 
t h e r e f o r e p r o v e f r u i t f u l . 



Mouse lemurs (Microcebus murinus) and bushbabies 
(Galago moholi) t u r n p r e d o m i n a n t l y t o t h e l e f t (Dodson efc 
a i , 1 9 9 2 ) , as do b u s h b a b i e s of t h e s p e c i e s G. senegalensis 

( L a r s o n e t a i , 1 9 8 9 ) . Turn p r e f e r e n c e s i n t h e s e two s t u d i e s 
were much s t r o n g e r than, and on t h e whole, not c o r r e l a t e d 
w i t h hand p r e f e r e n c e . However i n G. moholi, hand and t u r n 
p r e f e n c e was c o r r e l a t e d f o r f e m a l e s , t h e females i n t h i s 
c a s e b e i n g r i g h t hand p r e f e r e n t . A s i m i l a r r i g h t hand b i a s 
was found i n s m a l l e a r e d b u s h b a b i e s (Otoiei7?ur garnettii) by 
M i l l i k e n e t al ( 1 9 9 1 ) . 

I n r e s p e c t of p r o s i m i a n s a t l e a s t , t h e r e i s e v i d e n c e t o 
s u p p o r t t h e g e n e r a l t h r u s t of t h e p o s t u r a l o r i g i n s t h e o r y . 
P o p u l a t i o n - l e v e l p r e f e r e n c e s have been demonstrated i n 
r e a c h i n g and t u r n i n g b e h a v i o u r s f o r s e v e r a l s p e c i e s . I n 
p a r t i c u l a r t h e r e l a t i o n s h i p between hand p r e f e r e n c e and 
p o s t u r a l . s u p p o r t r e q u i r e m e n t s i s v e r y c o m p e l l i n g . Though 
t h e r e may w e l l be f e l t t o e x i s t some c o n t r a d i c t o r y or 
ambiguous e v i d e n c e , t h e vi e w of Warren (1980) t h a t 
p o p u l a t i o n - l e v e l l a t e r a l b i a s e s do not e x i s t i n nonhuman 
p r i m a t e s i s c l e a r l y no l o n g e r s u s t a i n a b l e . 



L a t e r a l i t y i n Monkeys. 
Among monkeys and apes, which engage i n f a r more f i n e 

m a n i p u l a t i o n and bimanual a c t i v i t i e s as p a r t of t h e i r 
n a t u r a l r e p e r t o i r e t h a n p r o s i m i a n s do, the p o s i t i o n i s l e s s 
c l e a r . Of t h e , 25 s t u d i e s of s i m p l e food r e a c h i n g i n 
monkeys summarized i n a r e v i e w by Fagot & V a u c l a i r (1991), 
o n l y one d e m o n s t r a t e d a c l e a r p o p u l a t i o n - l e v e l b i a s a t p<.05 
f o r t h i s a c t i v i t y ( I t a n i , 1957 f o r Macaca fuscata) . There 
a r e a d d i t i o n a l d i f f i c u l t i e s i n showing hand p r e f e r e n c e s i n 
s i m i a n s . I n t h e f i r s t p l a c e t h e s t u d i e s r e v i e w e d by Fagot & 
V a u c l a i r employ a v a r i e t y of s t a t i s t i c a l c r i t e r i a f o r 
a s s i g n i n g handedness, as w e l l as a range of t e s t i n g 
c o n d i t i o n s . Some s t u d i e s u s e d f r e e - r a n g i n g s u b j e c t s , o t h e r s 
u s e d a n i m a l s r e s t r a i n e d u s i n g equipment such as the 
W i s c o n s i n G e n e r a l T e s t A p p a r a t u s . The l a c k of a c o n s i s t e n t 
s t r a t e g y such as t h a t employed by J e a n n e t t e Ward and h e r 
c o l l e a g u e s , a c r o s s a number of s t u d i e s of p r o s i m i a n s , has 
c l e a r l y l i m i t e d t h e u s e f u l n e s s of t h i s work. Moreover, s i n c e 
t h e monkey s t u d i e s have been c a r r i e d out by many r e s e a r c h e r s 
o v e r many y e a r s , w i t h o u t any p a r t i c u l a r t h e o r e t i c a l 
framework i t i s not v e r y s u r p r i s i n g t h a t few s t r o n g c l a i m s 
have been made. I t s h o u l d a l s o be borne i n mind t h a t a n i m a l s 
p o s s e s s e d of an u p r i g h t p o s t u r e , more h i g h l y developed hands 
and s k i l l e d b i m a n u a l c o r d i n a t i o n , under t h e MacNeilage e t 
a i model might be e x p e c t e d t o show l e s s s t r o n g hand 
p r e f e r e n c e s f o r s i m p l e g r a s p i n g t a s k s . I t may w e l l have been 
f a i l u r e t o a p p r e c i a t e t h i s p o s s i b i l i t y t h a t l e d workers t o 
d i s m i s s t h e n o t i o n of nonhuman p r i m a t e l a t e r a l i t y f o r so 
l o n g . 

E a r l y a t t e m p t s t o s t u d y l a t e r a l i t y i n monkeys 
c o n c e n t r a t e d a l m o s t e x c l u s i v e l y on t e s t a of s i m p l e food 
r e a c h i n g i n Macaques. U s u a l l y t h e f i n d i n g s were f a i r l y 
i n c o n c l u s i v e , w i t h r o u g h l y e q u a l numbers of l e f t - and r i g h t -
p r e f e r e n t s u b j e c t s (e.g. C o l e , 1957; Warren, 1953; F u r a y a , 
1 9 6 3 ) . So m a n y • d i f f e r e r e n t c r i t e r i a have been u s e d t o a s s i g n 
t h e handedness of i n d i v i d u a l s t h a t a comparison of the type 
t h a t F a g o t & V a u c l a i r have performed i s of l e s s v a l u e than 
i t might have been. A l a x c r i t e r i o n of >50% hand use s i m p l y 
means t h a t no a n i m a l s , or a t most v e r y few, w i l l be a s s i g n e d 



as a m b i p r e f e r e n t ( e . g . Lehman, 1970, 1978, 1 9 8 0 ) . Wheras a 
r i g i d c r i t e r i o n o f say >80% w i l l cause a g r e a t e r p r o p o r t i o n 
o f t h e sample t o be d e c l a r e d a m b i p r e f e r e n t . I f we i g n o r e a l l 
t h o s e i n d i v i d u a l s i n t h e 25 s t u d i e s w h i c h a r e r e p o r t e d t o be 
a m b i p r e f e r e n t , i n e f f e c t f o c u s s i n g on t h o s e a n i m a l s w h i c h 
a r e known t o have made more t h a n 50% o f r e a c h e s w i t h a 
p a r t i c u l a r h and, we f i n d t h a t 12 s t u d i e s have more r i g h t ­
h a n d e r s t h a n l e f t , a nd 13 s t u d i e s have more l e f t - h a n d e r s 
t h a n r i g h t , h a r d l y c o n c l u s i v e e v i d e n c e f o r a l e f t - h a n d b i a s 
f o r v i s u a l l y g u i d e d r e a c h i n g i n monkeys as a w h o l e . 
However, more r e c e n t l y , K u b o t a (1990) showed t h a t among 
Japanese monkeys o f t h e Arashiyama-R t r o o p , 19 a n i m a l s 
showed a c o n s i s t e n t l e f t - h a n d p r e f e r e n c e i n r e a c h i n g f o r 
f o o d p e l l e t s , w i t h 5 r i g h t - h a n d e d and 20 a m b i p r e f e r e n t 
i n d i v i d u a l s . I n t h i s i n s t a n c e t h e s t r e n g t h o f hand 
p r e f e r e n c e was p o s i t i v e l y c o r r e l a t e d w i t h age. I n a n o t h e r 
c a s e , Lehman (1980) f o u n d t h a t t h e s t r e n g t h o f hand 
p r e f e r e n c e e x h i b i t e d b y cynomolgus monkeys (Macaca 
fascicularis) t e n d e d t o i n c r e a s e w i t h r e p e a t e d f o o d - r e a c h i n g 
t r i a l s . 

I n v e s t i g a t i n g a more demanding u n i m a n u a l a c t i v i t y , 
K a w a i (1967) f o u n d t h a t Japanese macaques (M. fuscata) 

c a u g h t t h r o w n f o o d i t e m s more f r e q u e n t l y w i t h t h e l e f t hand 
t h a n w i t h t h e r i g h t , t h o u g h most c a t c h e s were made w i t h b o t h 
h a n d s . D e u e l & S c h a f f e r (1987) o b s e r v e d c a t c h i n g b e h a v i o u r 
i n 25 Japanese macaques and f o u n d 15 l e f t - and 8 r i g h t -
h a n d e d c a t c h e r s . K i n g e t a l (1987, 1988) showed t h a t 
s q u i r r e l monkeys (Saimiri scuireus) p r e f e r r e d t o use t h e 
l e f t h a n d when c a t c h i n g l i v e f i s h ( 11 l e f t - h a n d e r s and 3 
r i g h t - h a n d e r s ) . The same monkeys d i s p l a y e d no g r o u p - l e v e l 
p r e f e r e n c e when r e a c h i n g f o r s t a t i o n a r y f o o d i t e m s . Somewhat 
e a r l i e r Subramoniam (1957) r e p o r t e d c o n s i s t e n t use o f t h e 
l e f t h a n d i n a p r o s i m i a n , t h e s l e n d e r l o r i s ( L o r i s 
tardigradus) when c a p t u r i n g s t a t i o n a r y b u t l i v e i n s e c t s . 
I n t e r e s t i n g l y , H a t t a & K o i k e (1991) have f o u n d t h a t e i g h t 
m o t h e r macaques (Macaca Spp) t o o k up t h e i r b a b i e s v e r y 
p r e f e r e n t i a l l y w i t h t h e l e f t h a n d i n r e s p o n s e t o a s i m u l a t e d 
t h r e a t e n i n g emerge:ncy. I t seems p l a u s i b l e t h e r e f o r e t o 
s u g g e s t t h a t w h i l e f o r s i m p l e g r a s p i n g a c t i v i t i e s monkeys 



are reasonably adept w i t h e i t h e r hand, under conditions of 
high c o g n i t i v e or emotional load, e i t h e r the l e f t hand i s 
more e f f i c i e n t or r e l i a b l e , or perhaps the r i g h t hand i s t o 
be p r e f e r r e d f o r p o s t u r a l support. 

Reaching f o r food i s a basic s k i l l common t o a l l 
primates ( J o l l y , 1972) and i s developed very e a r l y i n 
inf a n c y (Fagot & Vauclair, 1991), The a b i l i t y of e i t h e r 
hemisphere i n the monkey t o process a v i s u a l l y - g u i d e d 
unimanual reaching task i s confirmed by studies i n which 
commisurotomized animals w i t h the o p t i c chiasm severed are 
able, when monocular v i s i o n i s imposed, t o perform such a 
task, regardless of which eye (and thus hemisphere) was 
a v a i l a b l e (Lehman, 1968; Lund et a i , 1970). Deuel & Dunlop 
(1980) r e p o r t t h a t when lesions i n the hemisphere 
c o n t r a l a t e r a l t o the p r e f e r r e d hand of i n d i v i d u a l monkeys 
are created, they use the hand which i s guided by the i n t a c t 
hemisphere. 

The p o s s i b i l i t y t h a t the l e f t hand may be more 
e f f e c t i v e or dependable under c e r t a i n circumstances has been 
i n v e s t i g a t e d i n humans. I t has been shown t h a t a pr o p o r t i o n 
of s t r o n g l y right-handed people make b a l l i s t i c hand 
movements more accurately w i t h the l e f t hand (Guiard et a i , 
1983), as the l o r i s e s and s q u i r r e l monkeys do. 

In the manually s o p h i s t i c a t e d monkeys and apes i t may 
be necessary t o study hand use i n more demanding tasks t o 
b r i n g out any t r u e p o p u l a t i o n - l e v e l l a t e r a l i t y t h a t may 
e x i s t . When presented w i t h a task which required the manual 
alignment of a p l e x i g l a s s panel w i t h a small window and a 
small aperture c o n t a i n i n g a food reward, Fagot & Vauclair 
(1988a) found t h a t baboons p r e f e r r e d t o use the l e f t hand t o 
make the adjustment. Hoerster & E t t l i n g e r (1985) found t h a t 
78 monkeys spontaneously using the l e f t hand l e a r n t a 
t a c t i l e d i s c r i m i n a t i o n task i n fewer t r i a l s than 77 r i g h t 
hand p r e f e r e n t monkeys. This would suggest some asymmetry 
f o r t a c t i l e performance. However 82 monkeys without 
consistent hand preferences l e a r n t the task s i g n i f i c a n t l y 
f a s t e r than e i t h e r group. 

The e f f e c t of posture, already discussed i n r e l a t i o n t o 
prosimians, has been i n v e s t i g a t e d by Fagot et a l (1991). Of 
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29 monkeys p e r f o r m i n g a t a c t i l e d i s c r i m i n a t i o n t a s k i n a 
h a n g i n g p o s t u r e , 21 had a l e f t - h a n d b i a s , 4 a r i g h t - h a n d 
b i a s and 4 had no b i a s . The e f f e c t of p o s t u r e was 
s y s t e m a t i c a l l y t e s t e d u s i n g both v i s u a l and t a c t u a l 
d i s c r i m i n a t i o n t a s k s . A l e f t - h a n d b i a s was demonstrated f o r 
t a s k s u n d e r t a k e n i n h a n g i n g or s i t t i n g p o s t u r e s , but an 
a l m o s t s y m m e t r i c a l d i s t r i b u t i o n was found when a n i m a l s were 
i n t h e t r i p e d a l p o s t u r e . B i a s e s were a l s o noted t o be 
s t r o n g e r f o r t a c t i l e t h a n f o r v i s u a l t a s k s . 

I n c r e a s i n g t a s k demands f u r t h e r , W e s t e r g a a r d (1991) has 
s t u d i e d hand use i n t h e m anufacture and use of p r o b i n g t o o l s 
by l i o n - t a i l e d macaques (Macaca silenus) and t u f t e d 
c a p u c h i n s (CeJbus a p e i i a ) . T h i s t a s k was d e s i g n e d t o be 
f u n c t i o n a l l y s i m i l a r t o t h e manufacture and use of t e r m i t e 
" f i s h i n g " t o o l s , a s d e s c r i b e d by G o o d a l l (1986) f o r w i l d 
c h impanzees. Though t h e monkeys u s e d both hands and t e e t h t o 
modify t o o l s and u s e d bimanual a c t i o n s f o r p a r t s of the 
f e e d i n g t a s k , i n s e r t i o n of t h e t o o l i n t o the h o l e and 
r e moval were u s u a l l y performed w i t h one hand. The m a j o r i t y 
of s u b j e c t s p r e f e r r e d t h e l e f t hand f o r t h e s e a c t i v i t i e s . 
T h i s has been t h e f i r s t q u a n t i t a t i v e a n a l y s i s of hand 
p r e f e r e n c e by monkeys i n a t a s k i n v o l v i n g the manufacture 
and u s e of t o o l s . 

I n common marmosets (Callithrix jacchus), Box (1977) 
found a r o b u s t p r e f e r e n c e f o r t h e use of t h e l e f t hand to 
t a k e and h o l d food i t e m s i n 6 of 8 a n i m a l s . I n v e s t i g a t i n g 
t h e same s p e c i e s , Matoba e t a l (1991) found t h a t , w h i l e 
t h e i r s u b j e c t s , 23 f a m i l y groups of a d u l t male and female 
w i t h one i n f a n t , d i d not show a p o p u l a t i o n - l e v e l b i a s , many 
i n d i v i d u a l s were h a n d - p r e f e r e n t . I n f a n t hand p r e f e r e n c e were 
c o r r e l a t e d w i t h t h o s e of t h e i r mothers but not w i t h the 
f a t h e r s ' . I t i s w e l l known t h a t i n marmosets, both p a r e n t s 
c o n t r i b u t e s u b s t a n t i a l l y t o t h e c a r e of o f f s p r i n g . I t i s 
u n l i k e l y t h e n t h a t t h i s i s t h e r e s u l t of p r e f e r e n t i a l 
i m i t a t i o n of i m i t a t i o n of m a t e r n a l b e h a v i o u r , u n l e s s , as the 
a u t h o r s s p e c u l a t e , i t i s r e l a t e d t o the degree of 
i n v o l v e m e n t i n c a r e of i n d i v i d u a l f a t h e r s , which can be v e r y 
v a r i a b l e . 
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The degree of p r e c i s i o n of g r i p needed t o a c q u i r e an 
o b j e c t may i n f l u e n c e t h e c h o i c e of hand which i s used. 
A c c o r d i n g t o t h e h y p o t h e s i s of MacNeilage e t a i (1987) the 
r i g h t hand might w e l l be p r e f e r r e d f o r p r e c i s e p r e h e n s i o n 
and m a n i p u l a t i o n of s m a l l food i t e m s . I n a mixed s p e c i e s 
group of c a p u c h i n monkeys {Cebus apella, C. capuchinus, C. 

albifrons) c o m p r i s i n g 31 i n d i v i d u a l s , Masataka (1990) found 
25 a n i m a l s t o be r i g h t - h a n d p r e f e r e n t f o r p i c k i n g up v e r y 
s m a l l , s c a t t e r e d food remnants. T h i s a c t i v i t y r e q u i r e d a 
p r e c i s i o n g r i p , w i t h a degree of thumb o p p o s a b i l i t y , which 
p i c k i n g up a l a r g e r o b j e c t does n o t. 

I t i s becoming c l e a r t h a t handednes i s not a 
s t r a i g h t f o r w a r d , u n i d i m e n s i o n a l phenomenon. I t has been 
shown t h a t h a n d - p r e f e r e n c e i s dependent upon the c o g n i t i v e , 
s e n s o r y and e m o t i o n a l demands of the s i t u a t i o n i n which a 
t a s k i s performed. P r a c t i c e i s r e s p o n s i b l e , t o some e x t e n t , 
f o r r e i n f o r c i n g hand p r e f e r e n c e , but m a t e r n a l p r e f e r e n c e may 
a l s o be a p r e d i c t o r . Both p o s t u r a l demands and the degree of 
g r i p p r e c i s i o n r e q u i r e d can i n f l u e n c e t h e s t r e n g t h and 
d i r e c t i o n of p r e f e r e n c e s . Hand p r e f e r e n c e may be r e l a t e d t o 
whole-body t u r n i n g b i a s e s , and as a consequence, t o the h a l f 
of t h e v i s u a l f i e l d i n t o which new s p a t i a l i n f o r m a t i o n f i r s t 
a r r i v e s , t h i s r e l a t i o n s h i p may be more imp o r t a n t f o r female 
a n i m a l s t h a n f o r m a l e s . 
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L a t e r a l i t y i n Apes. 
The s e a r c h f o r an a n a l o g u e o f human l a t e r a l i z e d 

b e h a v i o u r among a n i m a l s must s u r e l y i n c l u d e t h e apes. These 
a n i m a l s e x h i b i t t h e most e l a b o r a t e manual b e h a v i o u r o f a l l , 
e v e n t o t h e e x t e n t t h a t some engage i n t h e m a k i n g and use o f 
t o o l s . T h i s a c t i v i t y was once t h o u g h t t o be e x c l u s i v e l y and 
d e f i n i t i v e l y human, and p e r h a p s i n v o l v e d i n t h e human 
d e v e l o p m e n t o f b o t h handedness and l a n g u a g e . As o u r c l o s e s t 
e x t a n t r e l a t i v e s , i t i s among apes t h a t we m i g h t e x p e c t t o 
f i n d t h e b e s t i n d i c a t i o n s . T h ere i s a n a t o m i c a l e v i d e n c e o f 
asy m m e t r y b e t w e e n c e r e b r a l h e m i s p h e r e s i n g o r i l l a s (Groves & 
Humphrey, 1 9 7 3 ) . T h i s c e r t a i n l y l o o k s l i k e t h e r e s u l t o f a 
s e l e c t i v e p r e s s u r e t o d e v e l o p f u n c t i o n a l l a t e r a l i z a t i o n o f 
some s o r t . W h e t h e r t h i s c a n be d e t e c t e d i n measures o f o v e r t 
b e h a v i o u r , a n d w h e t h e r i t p e r t a i n s t o hand use i s , o f 
c o u r s e , open t o q u e s t i o n . 

I n a s t u d y o f 10 c a p t i v e g o r i l l a s a t B a r c e l o n a Zoo, 
S p a i n , F a g o t & V a u c l a i r (1988b) f o u n d a s y m m e t r i c a l 
d i s t r i b u t i o n o f h a n d p r e f e r e n c e s f o r s i m p l e r e a c h i n g (3 
l e f t , 3 r i g h t , 4 no p r e f e r e n c e ) . However 7 o f 8 g o r i l l a s 
t e s t e d on a t a s k r e q u i r i n g t h e p r e c i s e a l i g n m e n t o f two 
o p e n i n g s were f o u n d t o p r e f e r t h e l e f t hand. A t a s k and 
r e s u l t s i m i l a r t o t h o s e o f t h e i r baboon s t u d y ( F a g o t & 
V a u c l a i r , 1 9 8 8 a ) . These a u t h o r s s t r e s s t h e i m p o r t a n c e o f 
c o n s i d e r i n g t h e t y p e o f t a s k e m p l o y e d i n t h e assessment o f 
h a n d p r e f e r e n c e s . They s u g g e s t a d i s t i n c t i o n b etween t h e 
handedness o f an i n d i v i d u a l when s i m p l y r e a c h i n g and manual 
s p e c i a l i z a t i o n f o r n o v e l o r com p l e x t a s k s . 

S t a f f o r d e t al (1990) have i n v e s t i g a t e d l a t e r a l i z a t i o n 
o f h a n d use f o r b o t h f e e d i n g and b r a c h i a t i o n i n g i b b o n s 
{Hylpbates Spp.). F o r f o o d r e a c h i n g t h e y d i s c o v e r e d t h a t 
a d u l t f e m a l e s were s t r o n g l y r i g h t - h a n d p r e f e r e n t , wheras 
m a l e s h a d no a c r o s s - g r o u p b i a s . Among t h e f e m a l e s t h e r e was 
a s i g n i f i c a n t c o r r e l a t i o n b e t w e e n s t r e n g t h o f o f r i g h t hand 
p r e f e r e n c e and age. I n t e r m s o f a b s o l u t e s t r e n g t h o f hand 
p r e f e r e n c e , f e m a l e s were more s t r o n g l y l a t e r a l i z e d t h a n 
m a l e s . T h e r e were no g r o u p p r e f e r e n c e s f o r l e a d i n g l i m b when 
b r a c h i a t i n g , a l t h o u g h t h r e e s u b j e c t s changed hands d e p e n d i n g 
on w h e t h e r o r n o t t h e y were v o c a l i z i n g a t t h e t i m e . 
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H e e s t a n d (1986) r e p o r t e d t h a t a heterogenous p o p u l a t i o n 
c o m p r i s i n g 29 g o r i l l a s , 20 chimpanzees, 3 orangutans and 13 
siamangs e x h i b i t e d o v e r a l l a r i g h t hand p r e f e r e n c e f o r 
l e a d i n g l i m b i n qua d r u p e d a l locomotion. 

O l s o n e t al (1990) have a s s e s s e d hand p r e f e r e n c e s f o r 
g o r i l l a s o r a n g u t a n s and gibbons i n r e t r i e v i n g o b j e c t s , both 
from t h e f l o o r and from s l i g h t l y above head h e i g h t , t h e 
l a t t e r r e q u i r i n g a b i p e d a l s t a n c e . On the f l o o r r e t r i e v a l 
t a s k t h e d i s t r i b u t i o n of p r e f e r e n c e s was: 

LEFT RIGHT NO PREF. 
GORILLA 2 5 5 
ORANGUTAN 3 4 5 
GIBBON 6 2 0 

I n t h e b i p e d a l r e a c h i n g c o n d i t i o n t h e d i s t r i b u t i o n was: 
LEFT RIGHT NO PREF. 

GORILLA 2 10 0 
ORANGUTAN 3 4 5 
GIBBON 6 0 0 

The gibbon and g o r i l l a engage more o f t e n i n b i p e d a l 
l o c o m o t i o n i n t h e w i l d t h a n does t h e orangutan. The a u t h o r s 
s u g g e s t a c o r r e l a t i o n between t h e degree of b i p e d a l 
b e h a v i o u r a s p e c i e s e x h i b i t s and i t s r e a d i n e s s t o show a 
p o p u l a t i o n - l e v e l hand p r e f e r e n c e when r e a c h i n g from a 
b i p e d a l s t a n c e . The e f f e c t s of such a p o s t u r e on s t r e n g t h of 
hand p r e f e r e n c e have a l r e a d y been noted f o r p r o s i m i a n s . 
I n t e r e s t i n g l y t h e gibbons were l e f t - p r e f e r e n t , as t h e 
b u s h b a b i e s were, and t h e g o r i l l a s were r i g h t - p r e f e r e n t as 
see n i n t h e v e r y b i p e d a l humans. 

Hand u s e i n g o r i l l a s has been i n v e s t i g a t e d i n a number 
of r e c e n t s t u d i e s . Annett & Annett (1991) obs e r v e d 31 
c a p t i v e a n i m a l s and counted t h e numbers of unimanual r e a c h e s 
made w h i l e f e e d i n g . They found a f u l l range of hand 
p r e f e r e n c e s from s t r o n g l y r i g h t t o s t r o n g l y l e f t , w i t h most 
a n i m a l s showing i n t e r m e d i a t e l e v e l s o f p r e f e r e n c e . T h i s i s 
what would be p r e d i c t e d by A n n e t t ' s (1985) " R i g h t S h i f t " 
t h e o r y f o r a nonhuman p r i m a t e s p e c i e s l a c k i n g t h e 
e x c l u s i v e l y human r s + gene. However i t i s c l e a r , t h a t f o r 
apes a t l e a s t , t h e o b s e r v a t i o n s of gross motor a c t i v i t y 
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w h i c h t h e y r e c o r d e d a r e p r e c i s e l y t h o s e which a r e l e a s t 
l i k e y t o r e v e a l any f u n c t i o n a l asymmetry. 

Byrne & Byrne (1991) have r e p o r t e d o b s e r v a t i o n s of 
hand use i n t h e g a t h e r i n g and f e e d i n g b e h a v i o u r s of 44 w i l d 
g o r i l l a s . They note t h a t f e e d i n g on d i f f e r e n t w i l d p l a n t 
s p e c i e s r e q u i r e s a d i f f e r e n t t e c h n i q u e f o r g a t h e r i n g , 
p r e p a r i n g and consuming each. E a c h t y p e of food demands a 
s p e c i f i c sequence of c o o r d i n a t e d a c t i o n s of hand and mouth. 
More complex t a s k s evoked s t r o n g e r i n d i v i d u a l hand 
p r e f e r e n c e s t h a n s i m p l e t a s k s . The d i s t r i b u t i o n of hand 
p r e f e r e n c e s was s y m m e t r i c a l o v e r a l l , w i t h a s l i g h t tendency 
t o f a v o u r t h e r i g h t hand f o r f i n e m a n i p u l a t i o n . Once a g a i n 
t h e r e was a r e l a t i o n s h i p between t h e hand p r e f e r e n c e s of 
mothers and o f f s p r i n g . P r o c e s s i n g e f f i c i e n c y was o n l y 
s l i g h t l y g r e a t e r w i t h t h e p r e f e r r e d hand. 

L o c k a r d (1984) o b s e r v e d t h e spontaneous f o r a g i n g 
b e h a v i o u r of 8 l o w l a n d g o r i l l a s and r e p o r t e d 5 r i g h t ­
h a n d e r s , 1 l e f t and 2 a m b i d e x t r o u s . F i s c h e r e t al (1982) 
found 4 female l o w l a n d g o r i l l a s t h e y s t u d i e d a l l t o be 
r i g h t - h a n d e d f o r a r e a c h i n g t a s k , w i t h 96% r i g h t hand usage 
o v e r a l l f o r t h e group. An i n t e r e s t i n g o b s e r v a t i o n was made 
by S c h a l l e r (1963) , who n o t i c e d t h a t i n 8 a d u l t male 
mountain g o r i l l a s he s t u d i e d , 59 out of 72 c h e s t - b e a t i n g 
d i s p l a y s were s e e n t o be i n i t i a t e d w i t h the r i g h t hand. 
Dimond & H a r r i e s (1984) found f a c e t o u c h i n g t o be an 
a c t i v i t y f o r which t h e l e f t hand seems t o be p r e f e r r e d , w i t h 
4 of 8 g o r i l l a s s t u d i e d b e i n g l e f t - p r e f e r e n t and the 
r e m a i n d e r showing no p r e f e r e n c e . 

Cunningham e t al (1989) watched the development of 
b e h a v i o u r a l l a t e r a l i z a t i o n i n an i n f a n t orangutan. I n i t i a l l y 
food r e a c h i n g was p r e d o m i n a n t l y done w i t h the r i g h t hand, 
though a s h i f t t o t h e l e f t o c c u r r e d a f t e r 61 weeks of age. 
The i n f a n t was o b s e r v e d t o have a l e f t - h a n d p r e f e r e n c e f o r 
t o u c h i n g h e r own f a c e or body. 

G i v e n t h e v e r y c l o s e g e n e t i c r e l a t i o n s h i p between 
o u r s e l v e s and t h e chimpanzee (Pan troglodytes) , t h i s would 
appear t o be t h e most p r o m i s i n g s p e c i e s i n which t o look f o r 
h uman-like b e h a v i o u r a l a s y m m e t r i e s . B a r d e t al (1990) 
s t u d i e d t h e p r e s e n c e , s t r e n g t h and d i r e c t i o n of l a t e r a l 

15 



b i a s e s i n 12 h a n d - r e a r e d chimpanzees d u r i n g t h e f i r s t 3 
months o f l i f e . Of t h e 10 a n i m a l s i n w h i c h hand t o mouth 
movements were r e c o r d e d , 8 showed a r i g h t - h a n d p r e f e r e n c e . 
G r a s p i n g o f one h a n d by a n o t h e r was a l s o r e c o r d e d , and was 
f o u n d t o be i n v e r s e l y r e l a t e d t o t h e hand t o mouth b i a s . The 
h a n d u s e d t o make a d e f e n s i v e g r a s p i n g a c t i o n t o remove an 
o b j e c t p l a c e d o v e r t h e f a c e , t e n d e d t o be t h e same as t h a t 
u s e d f o r t h e h a n d t o mouth b e h a v i o u r . W a l k i n g r e f l e x e s were 
e l i c i t e d b y l e a n i n g an i n f a n t g e n t l y f o r w a r d f r o m a s t a n d i n g 
p o s t u r e . The f i r s t f o o t t o move t e n d e d t o be i p s i l a t e r a l t o 
t h e p r e f e r e d h a n d - t o - m o u t h hand. S t r e n g t h o f l a t e r a l i z a t i o n 
was f o u n d t o i n c r e a s e as t h e s u b j e c t s m a t u r e d . The a u t h o r s 
n o t e d t h a t t h e s e b e h a v i o u r s were e x p r e s s e d u n d e r c o n d i t i o n s 
o f e m o t i o n a l a r o u s a l . 

A r u g u e t t e e t al (1992) i n v e s t i g a t e d l a t e r a l i t y i n 
s p o n t a n e o u s t o u c h i n g b e h a v i o u r i n 27 chimpanzees. These 
a n i m a l s d i s p l a y e d a r i g h t - h a n d p r e f e r e n c e f o r t o u c h i n g 
i n a n i m a t e f e a t u r e s o f t h e i r e n v i r o n m e n t s , w h i c h was more 
s t r o n g l y e x p r e s s e d i n males t h a n i n f e m a l e s , b u t e x h i b i t e d 
no h a n d p r e f e r e n c e when t o u c h i n g t h e i r own f a c e s o r b o d i e s . 

I n a s t u d y o f 67 w i l d chimpanzees i n t h e T a i F o r e s t 
R e s e r v e , Boesche (1991) f o u n d no s i g n i f i c a n t p o p u l a t i o n 
a s y m m e t r y i n n o n - t o o l u s i n g b e h a v i o u r s s u c h as r e a c h i n g and 
g r o o m i n g , b u t a r i g h t h a n d p r e f e r e n c e among males f o r 
d i p p i n g l e a f wadges, and more r i g h t hand p r e f e r e n c e s f o r 
n u t - c r a c k i n g among y o u n g s u b j e c t s t h a n among a d u l t s . 

L u t z - m a k i & M a c N e i l a g e (1991) c o n d u c t e d an e x p e r i m e n t 
w i t h 13 c h i m p a n z e e s i n w h i c h 10 were f o u n d t o use t h e r i g h t 
h a n d t o p u l l upon a s p r i n g - l o a d e d r o p e , w h i l e 2 p r e f e r r e d 
t h e l e f t a nd one showed no p r e f e r e n c e . 

A s t u d y b y H o p k i n s e t al (1989) r e q u i r e d 3 chimpanzees 
a n d t w o r h e s u s monkeys t o p e r f o r m a s i m p l e r e a c h i n g t a s k , 
a n d a f i n e m a n i p u l a t i o n t a s k i n w h i c h a j o y s t i c k was u s e d t o 
move a c u r s o r on a s c r e e n t o o b t a i n a r e w a r d . V a r i a b l e 
p r e f e r e n c e s were f o u n d on t h e r e a c h i n g t a s k . However a l l 
f i v e s u b j e c t s u s e d t h e r i g h t h a n d f o r t h e j o y s t i c k t a s k on 
b e t w e e n 96% a n d 100% o f t r i a l s . I n a s u b s e q u e n t t e s t where 
a n i m a l s were g i v e n 100 j o y s t i c k t r i a l s w i t h each hand, a l l 
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were q u i c k e r w i t h t h e r i g h t hand, t r i a l s w i t h t h e l e f t 
t a k i n g b e t w e e n 1.3 and 3.5 t i m e s as l o n g . 

W h i l e l a t e r a l p r e f e r e n c e s f o r some a c t i v i t i e s r e p o r t e d 
f o r apes seem t o be f a i r l y c o n s i s t e n t a c r o s s s t u d i e s , r i g h t 
h a n d p r e f e r e n c e s f o r f i n e m a n i p u l a t i o n f o r example, 
p r e f e r e n c e s on s i m p l e r e a c h i n g t a s k s a r e v e r y v a r i a b l e . I n a 
r e c e n t r e v i e w , M a r c h a n t & McGrew (1991) have been c r i t i c a l 
o f t h e methods u s e d i n l a t e r a l i t y s t u d i e s o f apes. They 
a d v o c a t e t h e use o f a w i d e r r a n g e o f t a s k s , c o m p a r i s o n 
b e t w e e n s p o n t a n e o u s and i n d u c e d measures, more t r i a l s p e r 
s u b j e c t , and s y s t e m a t i c i n v e s t i g a t i o n o f t h e s i g n i f i c a n c e o f 
age as a v a r i a b l e i n f l u e n c i n g l a t e r a l p r e f e r e n c e s . These 
s u g g e s t i o n s , o f c o u r s e , may e q u a l l y w e l l be a p p l i e d t o 
s t u d i e s i n v o l v i n g monkeys and p r o s i m i a n s . 
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Summary and C o n c l u s i o n s . 

T here i s now s u f f i c i e n t e v i d e n c e t h a t humans a r e not 
unique among a n i m a l s , e i t h e r i n t h e p o s s e s s i o n of s t r u c t u r a l 
and f u n c t i o n a l b r a i n a symmetries, or i n e x h i b i t i n g 
p o p u l a t i o n - c h a r a c t e r i s t i c l a t e r a l b i a s e s i n o b s e r v a b l e 
a s p e c t s of t h e i r o v e r t motor b e h a v i o u r . Thus e x p l a n a t i o n s of 
t h e e v o l u t i o n of handedness i n humans which, e x p l i c i t l y or 
i m p l i c i t l y , v i e w t h e phenomenon as a de novo development of 
our s p e c i e s a l o n e , or perhaps of our hominid a n c e s t o r s , must 
be t r e a t e d w i t h g r e a t c a u t i o n . Taxonomic chauvanism has, 
from time t o time, d r i v e n humans t o apply a l a b e l t o t h e i r 
s p e c i e s t o emphasise i t s u n i q u e n e s s and s p e c i a l q u a l i t i e s , 
and i n some way, t o be d e f i n i t i v e of what we a r e . Debunking 
s u c h images of o u r s e l v e s i s a f i n e and i n s t r u c t i v e e x e r c i s e . 
S i n c e "Man, t h e Toolmaker" was overthrown by the 
o b s e r v a t i o n s of Jane G o o d a l l , o t h e r images have been f i r s t 
t o u t e d and t h e n undermined. We know t h a t humans a r e not the 
o n l y s p e c i e s t o c o p u l a t e f a c e t o f a c e , commit murder, 
p r a c t i c e s y s t e m a t i c genocide, r e c o g n i z e 'themselves i n a 
m i r r o r o r c a r r y out a c t s of t a c t i c a l d e c e p t i o n . Even t h e 
e x t e n t t o which humans a r e r e g a r d e d as unique i n t h e i r 
c a p a c i t y f o r language has undergone almost c o n t i n u a l 
q u a l i f i c a t i o n and r e d e f i n i t i o n . I t i s p u z z l i n g t h a t , f o r so 
lo n g , t h e vie w of humans as "The b e h a v i o u r a l l y l a t e r a l i z e d 
a n i m a l " h e l d c u r r e n c y , but a t any r a t e i t ought now t o be 
abandoned. 

The s e m i n a l r e v i e w of MacNeilage e t al (1987) and t h e i r 
" P o s t u r a l O r i g i n s " s c e n a r i o has encouraged r e s e a r c h e r s t o 
r e f o c u s t h e i r a t t e n t i o n on nonhuman p r i m a t e s as p o s s i b l e 
models f o r s t a g e s i n t h e e v o l u t i o n of human handedness. 

A c o n s e n s u s i s emerging t h a t t h e e x t a n t p r o s i m i a n s 
p r e s e n t a f a i r model f o r the e a r l y s t a g e of manual 
l a t e r a l i z a t i o n . S t u d i e s have demonstrated a g e n e r a l l e f t -
hand p r e f e n c e f o r v i s u a l l y , g u i d e d r e a c h i n g , which appears 
s t r o n g l y l i n k e d w i t h a r i g h t f o r e l i m b p r e f e r e n c e f o r 
p o s t u r a l s u p p o r t . 

I n monkeys t h e p o s i t i o n i s l e s s c l e a r , w i t h l i t t l e 
e v i d e n c e t o s u p p o r t a p o p u l a t ' i o n - l e v e l . l a t e r a l i t y f o r 
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r e a c h i n g t a s k s . I t i s i n t r i g u i n g t o s p e c u l a t e t h a t monkeys 
may r e p r e s e n t an i n t e r m e d i a t e s t a g e i n manual 
s p e c i a l i z a t i o n . T h e i r more u p r i g h t p o s t u r e and more 
s o p h i s t i c a t e d manual b e h a v i o u r a l l o w s , and r e q u i r e s 
e x t e n s i v e use o f b o t h h a n ds. T h e r e a r e i n d i c a t i o n s t h a t t h e y 
may p r e f e r t h e r i g h t h a n d u n d e r c e r t a i n c i r c u m s t a n c e s , f o r 
e x a m p l e v e r y f i n e l y c o n t r o l l e d m a n i p u l a t i v e t a s k s , b u t 
r e s o r t t o t h e l e f t f o r g r o s s m o t o r a c t i o n s , b a l l i s t i c 
movements, and p o s s i b l y u n d e r c o n d i t i o n s o f h i g h e m o t i o n a l 
a r o u s a l . T h i s c o m b i n a t i o n o f p r e f e r e n c e s i s n o t a t a l l 
i n c o m p a t i b l e w i t h t h e p o s t u r a l o r i g i n s i d e a , and i t w i l l be 
i n t e r e s t i n g t o d i s c o v e r w h e t h e r o r n o t t h e y c o n t i n u e t o be 
b o r n e o u t b y f u t u r e s t u d i e s . 

S e v e r a l s t u d i e s have now shown t h a t apes a r e r i g h t -
h a n d e d f o r t a s k s , and s u b - t a s k s w h i c h r e q u i r e a h i g h d e g r e e 
o f p r e c i s i o n . T h e r e has been however some c o n t r a d i c t o r y and 
a mbiguous e v i d e n c e . I t i s c e r t a i n t h a t when a s s e s s i n g 
p r e f e r e n c e s i n s u c h m a n u a l l y and c o g n i t i v e l y a d e p t a n i m a l s 
as t h e s e , a c l e a r u n d e r s t a n d i n g o f t h e t a s k r e q u i r e m e n t s i s 
o f c r i t i c a l i m p o r t a n c e . A l s o s i g n i f i c a n t i s t h e e f f e c t o f 
s i t u a t i o n , e x p e r i e n c e and, p o s s i b l y " c u l t u r e " . I t seems 
u n l i k e l y t h a t an u n a s s a i l a b l e p o p u l a t i o n - l e v e l l a t e r a l i t y 
f o r g r o s s m o t o r a c t i o n s e x i s t s among apes. T h i s m i g h t 
i n d i c a t e t h a t t h e y do n o t s e r v e as an a p p r o p r i a t e model f o r 
h a n d use i n h o m i n i d s . What does seem f e a s a b l e a t l e a s t , i s 
t h a t e a r l y h o m i n i d s f o u n d an a d a p t i v e a d v a n t a g e i n b e i n g 
r i g h t - h a n d e d , w h i c h apes d i d n o t . 

Among monkeys, t h e r e has been a g r e a t emphasis upon 
s t u d i e s o f O l d W o r l d s p e c i e s . R e l a t i v e l y few s t u d i e s have 
i n v o l v e d New W o r l d monkeys and t h e r e have been v e r y few 
i n d e e d o f C a l l i t r i c h i d s . I f we a r e t o g a i n a b a l a n c e d 
u n d e r s t a n d i n g o f h a n d p r e f e r e n c e s i n s i m i a n s , i t i s 
n e c c e s s a r y t o b r i n g as d i v e r s e as p o s s i b l e a r a n g e o f t a x a 
a n d b e h a v i o u r s u n d e r s c r u t i n y . T h ere have been v e r y few 
s t u d i e s o f l a t e r a l i t y i n manual g r o o m i n g a c t i v i t y . T h i s 
s t u d y r e p o r t s o b s e r v a t i o n s o f hand use i n b o t h f e e d i n g and 
g r o o m i n g , and and a l s o t u r n i n g b e h a v i o u r i n s i x C a l l i t r i c h i d 
s p e c i e s , f i v e o f w h i c h , as f a r as t h i s a u t h o r i s aware, have 
n o t been i n v e s t i g a t e d b e f o r e . 
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METHODS 

S u b j e c t s 
The a n i m a l s u s e d i n t h i s s t u d y were occupants of 

Regent's P a r k Zoo, London. They comp r i s e d a heterogenous 
sample of 21 C a l l i t r i c h i d p r i m a t e s as d e t a i l e d below. 

Siobject Species Sex Enclosure 
1 Leontopithecus rosalla rosalia F 1 
2 L. rosalia rosalia M 1 
3 L. rosalia rosalia M 2 
4 L. rosalia rosalia F 2 
5 Callithrix argentata F 3 
6 C. argenfcata M 3 
7 L. rosalia rosalia F • 4 
8 L. rosalia rosalia M 4 
9 L. r o s a l i a rosalia F 5 

10 L. rosalia chrysomelas M 5 
11 Saguinus imperator M 6 
12 S. imperator F 6 
13 Callimico goeldii M 7 
14 Saguinus oedipus F 8 
15 C. goeldii M 9 
16 C. goeldii F 9 
17 C e b u e l J a pyg/naea M 10 
18 C, pygmaea F 10 
19 C. pygmaea M 10 
20 L. r o s a J i a r o s a l i a F 11 
21 L. rosalia chrysomelas M 11 

The p o p u l a t i o n t h u s c o n t a i n e d 11 male and 10 female a n i m a l s . 
A l l s u b j e c t s were a d u l t s of b r e e d i n g age, w i t h the e x c e p t i o n 
of #19 which was a s u b - a d u l t , though v e r y s i m i l a r i n s i z e t o 
h i s p a r e n t s w i t h whom he was housed. Most s u b j e c t s were 
housed as male-female p a i r s . S u b j e c t s 9 and 20 had been 
g i v e n c o n t r a c e p t i v e i m p l a n t s as t h e y were housed w i t h males 
o f a d i f f e r e n t s u b s p e c i e s w i t h which b r e e d i n g was not 
d e s i r e d , though c o p u l a t i o n was ob s e r v e d between t h e two L. 
rosalia s u b s p e c i e s on s e v e r a l o c c a s i o n s . The C. pygmaea 

a d u l t p a i r had an o f f s p r i n g p r e s e n t , as has been mentioned. 
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S u b j e c t s 13 and 14 were members of l a r g e r communities, b e i n g 
housed w i t h t h r e e and f i v e c o n s p e c i f i c s r e s p e c t i v e l y . They 
were t h e o n l y o c c u p a n t s of t h e i r e n c l o s u r e s t o be i n c l u d e d 
i n t h e s t u d y due t o d i f f i c u l t y e x p e r i e n c e d by the o b s e r v e r 
i n i n d i v i d u a l l y i d e n t i f y i n g t h e i r cage-mates. 

Maintenance of A n i m a l s . 
E n c l o s u r e #1 was a l a r g e showpiece e n c l o s u r e of 

a p p r o x i m a t e l y 16m^ f l o o r a r e a and 5m high, f r o n t e d w i t h 
g l a s s . Two s l e e p i n g r e f u g e s were a c c e s s i b l e v i a h o l e s i n 
a r t i f i c i a l c o n c r e t e t r e e t r u n k s . The a r e a c o n t a i n e d s e v e r a l 
l a r g e b r a n c h e s and a d e c o r a t i v e m i x t u r e of l i v i n g and 
a r t i f i c i a l p l a n t s , as w e l l as a s m a l l stream and pool of 
w a t e r . The i n d o o r a r e a was a d j a c e n t t o a l a r g e r w i r e cage 
o u t s i d e , of a p p r o x i m a t e l y 28m^ ground a r e a and 5m h i g h 
c o n t a i n i n g s e v e r a l bushes and t r e e s as w e l l as branches and 
a framework of s t e e l p o l e s f o r c l i m b i n g . The anim a l s were 
f r e e t o move between a r e a s v i a a communicating door. The 
r e m a i n i n g t e n e n c l o s u r e s were c o n t a i n e d w i t h i n the C l o r e 
P a v i l l i o n , t h e Zoo's s m a l l mammal house. These were somewhat 
v a r i a b l e i n shape but were about Sm^ i n f l o o r a r e a and 3m 
h i g h , w i t h e n c l o s u r e #2 b e i n g s l i g h t l y l a r g e r and #10 
s l i g h t l y s m a l l e r . A l l were g l a s s - f r o n t e d , h a d a t r a n s l u c e n t 
s k y l i g h t i n t h e r o o f and a s m a l l s l e e p i n g box. Numerous 
b r a n c h e s , stumps and l o g s were p r o v i d e d , as w e l l as a 
m i x t u r e of n a t u r a l f o l i a g e both growing and c u t , w i t h some 
a r t i f i c i a l p l a n t s a l s o . The f l o o r s were c o v e r e d w i t h a l a y e r 
of s h r e d d e d b a r k p i e c e s which f a c i l i t a t e d waste removal. 

The a n i m a l s were f e d t h r e e t i m e s d a i l y on a mixed d i e t 
of f r e s h f r u i t and v e g e t a b l e s chopped i n t o l-2cm p i e c e s and 
p r i m a t e chow. T h i s was supplemented by the o c c a s i o n a l 
r e l e a s e of l i v e i n v e r t e b r a t e p r e y i n t o t h e e n c l o s u r e s 
( u s u a l l y b e e t l e s and c o c k r o a c h e s , v a r i o u s s p p . ) . Some 
e n c l o s u r e s were equipped w i t h wooden hanging f e e d e r s from 
w h i c h p e a n u t s c o u l d be o b t a i n e d by i n s e r t i n g a d i g i t i n t o 
one of s e v e r a l h o l e s . Water was p r o v i d e d i n a l a r g e c e r a m i c 
d i s h p l a c e d on t h e f l o o r of each cage. 
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O b s e r v a t i o n s . 
A r e c o r d of spontaneous f e e d i n g , grooming and locomotor 

b e h a v i o u r was made u s i n g f o c a l a n i m a l sampling o n l y . 
O b s e r v a t i o n s e s s i o n s l a s t e d 20 min u t e s . Between f o u r and 
sev e n s e s s i o n s were conducted on each a n i m a l , y i e l d i n g a 
t o t a l o f 32 hours of f o c a l d a t a from 97 s e s s i o n s . Data 
r e c o r d e d f o r ea c h a n i m a l was b a l a n c e d , as f a r as 
p r a c t i c a b l e , f o r time of day, though o b s e r v a t i o n was c a r r i e d 
out o n l y between 1000 and 1700 h o u r s . 

O b s e r v a t i o n s were r e c o r d e d u s i n g a Sharp PC6200 l a p t o p 
p e r s o n a l computer w i t h a b a c k l i t LCD s c r e e n , 640kb of RAM 
and a 20mb h a r d d i s k . The d a t a - l o g g i n g s o f t w a r e (program 
name HANDY) was w r i t t e n s p e c i f i c a l l y f o r t h i s p r o j e c t , u s i n g 
TURBO P a s c a l V e r s i o n 7 ( B o r l a n d I n t e r n a t i o n a l I n c . 1983, 
1992) . The HANDY program i s e x t r e m e l y s t r a i g h t f o r w a r d i n 
u s e . I t u s e s s i n g l e - k e y i n p u t s from t h e o p e r a t o r t o denote 
t h e t y p e and time of o c c u r e n c e of r e l e v a n t b e h a v i o u r a l a c t s , 
p r o v i d i n g c o n t i n u a l v i s u a l feedback t o the u s e r . The program 
a l l o w s f o r t h e marking and c o r r e c t i o n of known e r r o r s (wrong 
key p r e s s e s e t c ) , and s t o r e s t h e i n f o r m a t i o n as A S C I I f i l e s 
on t h e computer's i n t e r n a l h a r d d i s k , f o r l a t e r a n a l y s i s . 
Complementary P a s c a l r o u t i n e s were w r i t t e n t o c o n v e r t d a t a 
f i l e s t o a s u i t a b l e format f o r a n a l y s i s u s i n g t h e 
s t a t i s t i c a l package MINITAB. F u r t h e r i n f o r m a t i o n about 
development of t h e HANDY program i s g i v e n i n Appendix I . 

An i n i t i a l p e r i o d of f o u r days t r i a l o b s e r v a t i o n s was 
made between 01 and 04 A p r i l 1993. T h i s was t o a l l o w f o r 
p r a c t i c e of t h e o b s e r v i n g t e c h n i q u e and e v a l u a t i o n of the 
HANDY program. As t h e t e c h n i q u e was found t o t a k e a few days 
t o m a s t e r and some s m a l l e r r o r s were found i n t h e s o f t w a r e , 
t h e s e d a t a have been d i s c a r d e d from t h e stu d y . The main 
o b s e r v a t i o n s took p l a c e between 14 A p r i l and 12 May 1993. 

The o b s e r v e r stood, a s q u i e t l y as p o s s i b l e , b e f o r e the 
g l a s s f r o n t of t h e e n c l o s u r e , w i t h t h e computer p l a c e d on a 
c o n v e n i e n t l e d g e a t about w a i s t h e i g h t t o r e c o r d 
o b s e r v a t i o n s . D u r i n g t h e f i r s t few days some anim a l s 
o c c a s i o n a l l y a ppeared c u r i o u s about t h e o b s e r v i n g procedure, 
moving towards t h e f r o n t of t h e cage t o i n v e s t i g a t e the 
computer and o b s e r v e r . However a l l a n i m a l s a d j u s t e d t o the 
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s i t u a t i o n r a t h e r q u i c k l y , i g n o r i n g b o t h c o m p u t e r and 
o p e r a t o r t h e r e a f t e r . A t no t i m e was any o v e r t e x p r e s s i o n o f 
f e a r shown t o w a r d s t h e o b s e r v e r , as w o u l d be i n d i c a t e d by 
sudden f l i g h t i n t o c o v e r , a l a r m c r i e s o r p i l o e r e c t i o n , 
t h o u g h a l l t h e s e r e a c t i o n s were seen i n r e s p o n s e t o t h e 
b e h a v i o u r o f n o i s y Zoo v i s i t o r s who s h o u t e d , c r i e d , made 
sudden movements o r b a n g e d on t h e g l a s s . 

The t e c h n i q u e o f e n t e r i n g i n f o r m a t i o n , h a v i n g been 
p r a c t i c e d i n t h e p r e l i m i n a r y s e s s i o n s , p r o v e d t o be v e r y 
e a s y t o c a r r y o u t . I t was p o s s i b l e t o " t o u c h - t y p e " d a t a 
a c c u r a t e l y d u r i n g p e r i o d s o f i n t e n s e a c t i v i t y , t h o u g h a t 
q u i e t e r t i m e s i t was f o u n d p r e f e r a b l e t o o b t a i n v i s u a l 
f e e d b a c k f r o m t h e c o m p u t e r s c r e e n by o c c a s i o n a l downward 
g l a n c e s . The r e v i s e d HANDY p r o g r a m was e x t r e m e l y r o b u s t i n 
e x e c u t i o n , w i t h no r u n t i m e e r r o r s e x p e r i e n c e d d u r i n g any o f 
t h e 97 s e s s i o n s . O p e r a t o r e r r o r s were v e r y few and were 
n e a r l y a l w a y s e a s y t o s p o t and c o r r e c t . U n f o r t u n a t e l y i t was 
n o t p o s s i b l e t o o b t a i n an o b j e c t i v e e v a l u a t i o n o f o b s e r v e r 
r e l i a b i l i t y , b u t t h e s i m p l i c i t y o f t h e p r o c e d u r e and t h e 
r e s t r i c t e d r a n g e o f c l e a r l y - i d e n t i f i a b l e a c t s r e c o r d e d g i v e s 
g r o u n d s f o r c o n f i d e n c e i n t h i s r e s p e c t . 

A c t i o n s R e c o r d e d . 
F i f t e e n d i s t i n c t e v e n t c l a s s e s were r e c o r d e d . These 

were d e f i n e d as f o l l o w s : 
1) P i c k 

The u n i m a n u a l a c t o f p r e h e n s i o n o r g r a s p i n g o f an 
o b j e c t , u s u a l l y a f o o d i t e m . R e c o r d e d as l e f t o r r i g h t . 
2) Drop 

D i s c a r d i n g an o b j e c t w h i c h h a d been h e l d w i t h one hand. 
R e c o r d e d as l e f t o r r i g h t . 
3) Turn 

An a c t o f c o n t i n u o u s b ody r o t a t i o n a b o u t t h e l o n g a x i s 
o f t h e b o d y t h r o u g h an a n g l e o f 135 d e g r e e s o r more. 
E s t i m a t i o n o f a n g l e i s a c k n o w l e d g e d t o be somewhat 
s u b j e c t i v e , b u t t u r n s o f l e s s e r m a g n i t u d e were t h o u g h t t o be 
u n d u l y i n f l u e n c e d b y t h e l o c a t i o n o f t h e a n i m a l and t h e 
g e o g r a p h y o f t h e cage. The p u r p o s e was t o g a i n i n f o r m a t i o n 
a b o u t t h e p r e f e r r e d d i r e c t i o n o f t u r n s w h i c h t h e a n i m a l 
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c o u l d have r e a s o n a b l y made i n e i t h e r d i r e c t i o n . Recorded as 
l e f t or r i g h t . 
4) Rake 

The a c t of r u n n i n g t h e d i g i t s of one hand through the 
p e l a g e of a cagemate so t h a t t h e c o a t i s p a r t e d as though 
by a comb. A s i n g l e hand movement from f i r s t c o n t a c t t o 
removal was r e c o r d e d as one r a k e . Recorded as l e f t or r i g h t . 
5) Probe 

The a c t of t o u c h i n g a cagemate u s i n g one or more d i g i t s 
d u r i n g grooming. U s u a l l y , but not a l w a y s , seen i n 
c o n j u n c t i o n w i t h r a k i n g b e h a v i o u r . From c o n t a c t t o l o s s of 
c o n t a c t c o n s t i t u t e s one a c t . Recorded as l e f t or r i g h t . 
6) Manipulate 

A b i m a n u a l a c t i v i t y i n which an o b j e c t i s h e l d i n one 
hand and a c t e d upon by t h e o t h e r , f o r example t o remove 
d i r t . From t h e moment t h e second hand c o n t a c t s the o b j e c t 
u n t i l one hand i s removed c o n s t i t u t e s one a c t . Recorded as 
l e f t or r i g h t a c c o r d i n g t o t h e hand t h a t i s u s e d t o a c t upon 
t h e o b j e c t , ( i . e . t h e n o n - h o l d i n g hand) 
7) Self-groom 

Unimanual s c r a t c h i n g , p r o b i n g or r a k i n g movements 
d i r e c t e d towards t h e a c t o r ' s own body. U s u a l l y seen as a 
r a p i d s u c c e s s i o n of s i m i l a r movements, sometimes l a s t i n g f o r 
s e v e r a l s e c o n d s . Though t r u l y t h i s a c t i v i t y n a t u r a l l y o c c u r s 
i n b o u t s , f o r t h e purpose of the a n a l y s i s a s e l f - g r o o m i s 
c o n s i d e r e d t o be an i n s t a n t a n e o u s a c t . One a c t i s t a k e n t o 
be a s e r i e s of movements d i r e c t e d t o t h e same p a r t of the 
body w i t h t h e same hand t e r m i n a t e d by a p e r i o d of f i f t e e n 
s econds d u r i n g which no l i k e movements t a k e p l a c e . Thus an 
a c t i s s e p a r a t e d from o t h e r s by e i t h e r a pause, a change of 
hand, or a change i n t h e a r e a towards which i t i s d i r e c t e d . 
R e c o r d e d as l e f t or r i g h t . 
8) G r i p 

G r a s p i n g p a r t of a cagemate's body, u s u a l l y a limb or 
t h e head. U s u a l l y performed i n c o n j u n c t i o n w i t h r a k i n g or 
p r o b i n g . Recorded as l e f t or r i g h t , a t t h e i n s t a n t of f i r s t 
c o n t a c t . 
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9) Mouth 
Movement of a s i n g l e hand c o n t a i n i n g an o b j e c t towards 

t h e mouth. Recorded, i d e a l l y , a t t h e moment t h e o b j e c t i s 
mouthed. Not r e c o r d e d as l e f t o r r i g h t s i n c e t h i s can be 
d e t e r m i n e d from t h e i m m e d i a t e l y p r e c e e d i n g e v e n t s . T h i s 
b e h a v i o u r i s not r e c o r d e d i n c i r c u m s t a n c e s where the hand 
u s e d c o u l d be ambiguous, f o r example i f the ani m a l c u r r e n t l y 
has an o b j e c t i n e a c h hand, o r i f i t mouthes an o b j e c t h e l d 
b i m a n u a l l y . 
10) Swap 

The a c t o f t r a n s f e r i n g an o b j e c t from one hand t o the 
o t h e r . D i r e c t i o n i s not r e c o r d e d as i t i s d i s c e r n a b l e from 
t h e c o n t e x t . 
11) Release 

R e l i n q u i s h i n g of a g r i p upon cagemate. D i r e c t i o n not 
r e c o r d e d s i n c e t h e g r i p p i n g hand i s a l r e a d y known. 
12) Unseen 

I n d i c a t e s t h e moment when v i s u a l c o n t a c t w i t h t h e 
s u b j e c t i s l o s t . 
13) Seen 

I n d i c a t e s t h e moment when v i s u a l c o n t a c t i s 
r e e s t a b l i s h e d w i t h a p r e v i o u s l y unseen s u b j e c t . 
14) ERROR 

Used when the' o b s e r v e r r e a l i z e s t h a t he has j u s t made 
an i n c o r r e c t k e y p r e s s . I n d i c a t e s t h a t t h e p r e v i o u s e n t r y i s 
wrong. S e r v e s as an a i d t o subsequent l o c a t i o n and 
c o r r e c t i o n of e r r o r s . 
15) ABORT 

P r e s s e d t o t e r m i n a t e an o b s e r v i n g s e s s i o n . 

A l l a c t i o n s were c o n s i d e r e d t o be i n s t a n t a n e o u s a c t s , 
w h i c h t h e program r e c o r d e d a l o n g w i t h t h e e l a p s e d time, i n 
seconds from t h e s t a r t of t h e o b s e r v i n g s e s s i o n , t h a t the 
r e l e v a n t key was p r e s s e d . The o b s e r v e r a l s o kept a notebook, 
i n w h i c h was e n t e r e d summary i n f o r m a t i o n i d e n t i f y i n g t h e 
s u b j e c t , d a t e , time and f i l e n a m e f o r each o b s e r v a t i o n 
s e s s i o n . T h i s i n f o r m a t i o n was a l s o s t o r e d i n each of t he 
d a t a f i l e s , but t h e notebook proved u s e f u l i n p l a n n i n g each 
o b s e r v i n g day and f o r r e c o r d i n g s h o r t n o t e s and r e m i n d e r s . 
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RESULTS 

P r i o r t o t h e a n a l y s i s t h e HANDY d a t a f i l e s were 
p r o c e s s e d i n t o i n f o r m a t i o n a b o u t i n d i v i d u a l a n i m a l s ' 
p e r c e n t a g e l e f t a n d r i g h t p r e f e r e n c e s f o r each c a t e g o r y o f 
b e h a v i o u r . A b i n o m i a l z - s c o r e was c a l c u l a t e d f o r each 
s u b j e c t on e a c h c a t e g o r y o f b e h a v i o u r . T h i s i s u s e d t o 
e v a l u a t e t h e s t r e n g t h and d i r e c t i o n o f l a t e r a l p r e f e r e n c e s 
and i s b a s e d on t h e f o r m u l a : z = (X - M) / J(N * p~ * q) , 
w h e re X = number o f l e f t r e s p o n s e s , N = t o t a l o f l e f t and 
r i g h t r e s p o n s e s c o m b i n e d , M = o n e - h a l f o f N, and b o t h p and 
q = .5. T h i s f o r m u l a (Edwards, 1963) has been u s e d i n many 
o f t h e s t u d i e s o f p r o s i m i a n l a t e r a l i t y b y J e a n n e t t e Ward and 
h e r a s s o c i a t e s , w h i c h have been d i s c u s s e d above. Thus t h e s e 
r e s u l t s can be compared d i r e c t l y w i t h t h e most 
m e t h o d o l o g i c a l l y c o n s i s t e n t body o f d a t a a v a i l a b l e f o r any 
p r i m a t e g r o u p . T h e i r c r i t e r i o n f o r j u d g i n g an a n i m a l t o be 
l a t e r a l i z e d f o r a g i v e n b e h a v i o u r was a l s o a d o p t e d . A 
s u b j e c t was c o n s i d e r e d t o be l e f t - o r r i g h t - p r e f e r e n t when 
t h e z - s c o r e e x c e e d e d , r e s p e c t i v e l y a v a l u e o f + o r - 1.96 
( P < . 0 5 ) . The p r o c e s s e d d a t a were p r e s e n t e d i n a f o r m a t 
a c c e p t a b l e t o most s t a t i s t i c a l s o f t w a r e p a c k a g e s . The b u l k 
o f t h e a n a l y s i s was p e r f o r m e d u s i n g MINITAB V e r s i o n 8.0 
(1991, M i n i t a b I n c . ) r u n n i n g on a R e s e a r c h Machines NIMBUS 
PC-386 m i c r o c o m p u t e r . 
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P i c k i n g . 
Among t h e 21 s u b j e c t s a t o t a l of 519 i n s t a n c e s of 

s i n g l e - h a n d e d p r e h e n s i o n of o b j e c t s were o b s e r v e d (Mean = 
24.1 a c t s / s u b j e c t , SD = 16.28, range 4 - 6 4 ) . These d a t a a r e 
summarized i n T a b l e 1. S u b j e c t s ranged bet:ween 8.7% and 100% 
l e f t - p r e f e r e n t (Mean = 4 5 % ) . On the b a s i s of the z - s c o r e s 4 
s u b j e c t s were c l a s s i f i e d a s l e f t - p r e f e r e n t , 6 as r i g h t -
p r e f e r e n t and 11 a m b i p r e f e r e n t . A b i n o m i a l t e s t on L vs R 
(n=10) i n d i c a t e s no e v i d e n c e f o r p o p u l a t i o n - l e v e l l a t e r a l i t y 
(P=0.754). 

TABLE 1. Percentage L e f t (%L) Preference For Unimanual 
P i c k i n g . P i c k Preference (PP) Evaluated by B-«core as L e f t 
( L ) , Right (R) or Ambipreferent (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e PP 

1 L. r F 05 60 0.45 A 
2 L . r M 04 50 0.00 A 
3 L. r M 46 70 2.65* L 
4 L . r F 52 40 -1.39 A 
5 C. a • F 22 77 2.56* L 
6 C.a M 24 50 0.00 A 
7 L . r F 33 12 -4.35* R 
8 L . r M 38 82 3.89* L 
9 L . r F 13 100 3. 61* L 
10 L . r . c M 06 50 0.00 A 
11 S . i M 16 31 -1.50 A 
12 S . i F 64 50 0.00 A 
13 C.g M 21 14 -3.27* R 
14 S. o F 23 09 -3.96* R 
15 C.g M 21 33 -1.53 A 
16 C.g F 14 . 71 1.60 A 
17 C.p M 4 5 56 0 .75 A 
18 C .p F 16 13 -3.00* R 
19 C.p M 19 26 -2.06* R 
20 L . r F 09 11 -2.33* R 
21 L . r . c M 28 46 -0.38 A 

* S t a t i s t i c a l l y s i g n i f i c a n t z - s c o r e s (P<=.05, 2 - t a i l e d ) . 

S c o r e s were compared f o r males v e r s u s females (11M:10F) 
and a l s o f o r t h e 10 L. rosalia ( i n c l u d i n g t h e 2 of the 
chrysomelas s u b s p e c i e s ) v e r s u s the 11 of o t h e r s p e c i e s . No 
s i g n i f i c a n t d i f e r e n c e s were found between se x e s f o r 
d i r e c t i o n of l a t e r a l i z a t i o n or f o r f r e q u e n c y of o c c u r r e n c e 
of p i c k i n g b e h a v i o u r . I n terms of a b s o l u t e s t r e n g t h of 
p r e f e r e n c e , measured by comparing z - s c o r e magnitude 
i r r e s p e c t i v e of s i g n , f e m a l e s were found t o be somewhat more 
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s t r o n g l y l a t e r a l i z e d ( t =1.39, P = 0.18 2 - t a i l e d ) but not 
s i g n i f i c a n t l y so. I n comparing t h e two s p e c i e s groups, no 
d i f f e r e n c e s of note were found i n r e s p e c t of p i c k i n g 
b e h a v i o u r . 

Whole-Body T u r n i n g . 
I n a l l , 2139 whole-body t u r n s were r e c o r d e d (Mean = 

101.86 a c t / s u b j e c t , SD = 41.06, range 53 - 1 9 1 ) . These d a t a 
a r e g i v e n i n T a b l e 2. S u b j e c t s ranged between 32% and 69% 
l e f t - p r e f e r e n t (Mean = 52% l e f t ) . S i g n t e s t of z - s c o r e 
p o s i t i v e or n e g a t i v e P>.05. 

TABLE 2. Percentage L e f t (%L) Pr«f«r«nce For Whole-body 
t u r n i n g . Turn Preference (TP) Evaluated by s-score as L e f t 
( L ) , Right (R) or Ambipreferent (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e TP 

1 L. r F 170 66 4 .14* L 
2 L . r M 75 49 0.12 A 
3 L . r M 138 33 -3.92* R 
4 L . r F 191 55 1.37 A 
5 C.a F 74 69 3.25* L 
6 C.a M 123 67 3.70* L 
7 L . r F 70 5 6 0 . 96 A 
8 L . r M 80 62 2.24* L 
9 L . r F 129 57 1.50 A 
10 L. r . c M 80 57 1 .34 A 
11 S . i M 176 66 4 .22* L 
12 S . i F 74 58 1.39 A 
13 C.g M 70 37 -2.15* R 
14 S. o F 93 49 -0.10 A 
15 C.g M 151 46 -1.06 A 
16 C.g F 53 60 1. 51 A 
17 C .p M 76 42 -1.38 A 
18 C.p F 72 32 -3.06* R 
19 C.p M 75 39 -1.96* R 
20 L . r F 80 55 0.89 A 
21 L . r . c M 89 46 -0.74 A 

* s t a t i s t i c a l l y s i g n i f i c a n t z - s c o r e s (P<=.05, 2 - t a i l e d ) . 
T h e r e were 5 l e f t - , 4 r i g h t - and 13 a m b i p r e f e r e n t a n i m a l s . 
No s i g n i f i c a n t d i f f e r e n c e s were found e i t h e r between sex or 
s p e c i e s groups i n t h e d i r e c t i o n or s t r e n g t h of 
l a t e r a l i z a t i o n , or i n t h e o b s e r v e d f r e q u e n c y of t u r n i n g 
a c t i v i t y . 
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S e l f - G r o o m i n g . 
A t o t a l o f 406 a c t s o f s e l f - g r o o m i n g were o b s e r v e d 

(Mean = 19.33 a c t s / s u b j e c t , SD = 15.03, r a n g e 3 - 5 0 ) . Data 
a r e g i v e n i n T a b l e 3. S u b j e c t s v a r i e d b e t w e e n 0% and 75% 
l e f t - p r e f e r e n t (Mean = 4 6 . 6 % ) . T h e r e was j u s t one 
s i g n i f i c a n t l y l e f t - p r e f e r e n t a n i m a l , t w o r i g h t - p r e f e r e n t and 
18 were c l a s s e d as s h o w i n g no p r e f e r e n c e . S i g n t e s t o f z-
s c o r e p o s i t i v e o r n e g a t i v e P>.05. 

TABLE 3. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r Self-Grooming. 
P r e f e r e n c e s (S-GP) E v a l u a t e d by z - s c o r e as L e f t ( L ) , R i g h t 
(R) o r A m b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e S-GP 

1 L. r F 12 50 0.00 L 
2 L. r M 08 75 1.41 A 
3 L . r M 45 73 3.13* R 
4 L . r F 19 63 1.15 A 
5 C.a F 13 45 -0.28 L 
6 C.a M 15 33 -1.29 L 
7 L . r F 03 0 -1.73 A 
8 L . r M 23 22 - 2 . 7 1 * L 
9 L . r F 04 25 -1.00 A 
10 L. r . c M 10 70 1.26 A 
11 S . i M 19 63 1 .15 L 
12 S . i F 18 33 -1.41 A 
13 C.g M 07 57 0.38 R 
14 S.o F 27 48 -0.19 A 
15 C.g M 50 34 -2.26* A 
16 C.g F 49 4 7 -0.43 A 
17 C.p M 04 bO 0.00 A 
18 C.p F 04 50 0.00 R 
19 c.p M 09 33 -1.00 R 
20 L . r F 32 56 0.71 A 
21 L. r . c M 35 49 -0.17 A 

* S t a t i s t i c a l l y s i g n i f i c a n t z - s c o r e s (P<-».05, 2 - t a i l e d ) . 

No s i g n i f i c a n t d i f f e r e n c e s b e t w e e n sex o r s p e c i e s g r o u p i n g 
d i f f e r e n c e s were f o u n d i n r e s p e c t : o f d i r e c t i o n o f 
l a t e r a l i z a t i o n , o r i n f r e q u e n c y o f o c c u r e n c e o f t h e 
b e h a v i o u r . However, i t was n o t e d t h a t males showed s l i g h t l y 
s t r o n g e r p r e f e r e n c e s t h a n f e m a l e s ( t - 1 . 8 1 , P = 0.089 2-
t a i l e d ) , h owever t h i s f i n d i n g f a l l s a l i t t l e s h o r t o f 
s i g n i f i c a n c e . 
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D r o p p i n g . 
D r o p p i n g o f an o b j e c t h e l d i n one hand was o b s e r v e d 193 

t i m e s (Mean = 9.19 a c s / s u b j e c t , SD = 5.27, r a n g e 0 - 2 1 ) . One 
a n i m a l was n o t seen t o d r o p o b j e c t s a t a l l . V a l u e s between 
12.5% a n d 100% l e f t - h a n d p r e f e r e n c e were seen (Mean = 47.6% 
l e f t ) . 

TABLE 4. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r Dropping. 
P r e f e r e n c e s (DP) E v a l u a t e d by z - s c o r e a s L e f t ( L ) , R i g h t (R) 
o r A m b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e DP 

1 L . r F ^ 03 33 -0.58 A 
2 L . r M 03 33 -0.58 A 
3 L . r M 15 73 1.81 A 
4 L . r F 11 • 63 0.90 A 
5 C. a F 12 58 0.58 A 
6 C.a M 14 50 0.00 A 

• 7 L . r F 08 25 -1.41 A 
8 L . r M 12 75 1.73 A 
9 L . r F 07 100 2.65* L 
10 L. r . c M N I L 
11 S. i M 02 50 0.00 A 
12 S . i F 21 43 -0.65 A 
13 C.g M 08 12 -2.12* R 
14 S. o F 09 22 - 1 . 67 A 
15 C.g M 12 58 0.58 A 
16 C.g F 09 89 2.33* L 
17 C.p M 18 33 -1.41 A 
18 C.p F 08 25 -1.41 A 
19 C.p M 10 40 -0. 63 A 
20 L . r F 04 25 -1.00 A 
2 1 L. r . c M 07 43 -0.38 A 

* S t a t i s t i c a l l y s i g n i f i c a n t z - s c o r e s (P<=.05, 2 - t a i l e d ) . 
Two s u b j e c t s were c l a s s e d as l e f t - p r e f e x e n t , one r i g h t and 

t h e r e m a i n i n g 17 f o r w h i c h d a t a were a v a i l a b l e were 
a m b i p r e f e r e n t . No d i f f e r e n c e s were o b s e r v e d between t h e sex 
and s p e c i e s s u b g r o u p s f o r d i r e c t i o n o r s t r e n g t h o f 
p r e f e r e n c e . The s i g n t e s t o f z - s c o r e p o s i t i v e o r n e g a t i v e 
was n o t s i g n i f i c a n t ( P > . 0 5 ) . The L. rosdlld g r o u p were seen 
t o d r o p i t e m s somewhat l e s s f r e q u e n t l y t h a n t h e m u l t i -
s p e c i e s g r o u p i n g , t h o u g h , once a g a i n t h i s f i n d i n g f e l l s h o r t 
o f t h e a l p h a v a l u e ( t = -1.94, P = 0.067 2 - t a i l e d ) . D a t a a r e 
g i v e n i n T a b l e 4. 
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TABLE 5. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r Bimanual 
M a n i p u l a t i o n . P r e f e r e n c e s (MP) E v a l u a t e d by z - s c o r e as L e f t 
( L ) , R i g h t (R) o r A m b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e MP 

1 L . r F N I L 
2 L . r M N I L 
3 L . r M 01 00 -1.00 A 
4 L . r F 10 30 -1.26 A 
5 c.a. F 03 67 0.58 A 
6 C. a M 04 75 1.00 A 
7 L . r F 01 00 -1.00 A 
8 L . r M N I L 
9 L . r F 01 100 1.00 A 
10 L. r . c M N I L 
11 S . i M 05 40 -0.45 A 
12 S . i F 05 80 1.34 A 
13 C.g M 03 00 -1.73 A 
14 S.o F 01 100 1.00 A 
15 C.g M 01 00 -1.00 A 
16 C.g F 03 33 -0.58 A 
17 C.p M 11 64 -0.90 A 
18 C.p F 03 33 -0.58 A 
19 C.p M N I L 
20 L . r F N I L 
21 L. r . c M 05 40 -0.45 A 

B i m a n u a l M a n i p u l a t i o n . 
Two-handed o b j e c t m a n i p u l a t i o n was r e c o r d e d 57 t i m e s 

(Mean = 2.71 a c t s / s u b j e c t , SD = 3.15, r a n g e 0 t o 1 1 ) . O n l y 
f i f t e e n s u b j e c t s were seen e n g a g i n g i n t h i s b e h a v i o u r . The 
l a t e r a l i t y o f t h e a c t i o n was d e f i n e d b y t h e hand w h i c h a c t e d 
upon t h e o b j e c t w h i l e t h e o t h e r g r a s p e d i t . L a t e r a l i t y 
r a n g e d b e t w e e n 0% and 100% l e f t p r e f e r e n t ( Mean = 4 4 . 1 3 % ) . 
No s u b j e c t s c o u l d be c l a s s e d as l a L e r a l i z e d f o r t h i s 
a c t i v i t y b y z - s c o r e , a n d t h e s i g n t e s t o f z - s c o r e p o s i t i v e 
o r n e g a t i v e was n o t s i g n i f i c a n t (P>.05) No d i f f e r e n c e s were 
f o u n d b e t w e e n t h e sex and s p e c i e s g r o u p i n g s f o r d i r e c t i o n o r 
s t r e n g t h o f p r e f e r e n c e s , o r f o r f r e q u e n c y o f o c c u r e n c e . 

I n t e r m a n u a l O b j e c t T r a n f e r ( S w a p p i n g ) . 
P a s s i n g an o b j e c t f r o m one hand t o t h e o t h e r was 

o b s e r v e d 67 t i m e s (Mean = 3.33 a c t s / s u b j e c t , SD - 4.4, r a n g e 
0 t o 15) . S i x a n i m a l s were n o t seen t o p e r f o r m t h i s a c t i o n . 
The l a t e r a l i t y o f t h e a c t i o n was d e n o t e d a c c o r d i n g t o t h e 
h a n d t o w a r d s w h i c h t h e o b j e c t was p a s s e d . F o r example a 
t r a n s f e r f r o m t h e r i g h t h a n d t o t h e l e f t i s c o u n t e d as a 
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" l e f t - h a n d e d swap". The f u l l r a n g e o f 0% t o 100% l e f t 
p r e f e r e n c e was seen (Mean = 6 3 . 8 1 % l e f t ) . Though a l l a n i m a l s 
w e r e d e c l a r e d a m b i p r e f e r e n t a c c o r d i n g t o t h e z - s c o r e 
c r i t e r i o n i t was n o t a b l e t h a t o n l y one i n d i v i d u a l made more 
r i g h t - h a n d e d swaps t h a n l e f t , w h i l e 11 p r e f e r r e d l e f t - h a n d e d 
swaps and 3 made e q u a l numbers o f r i g h t and l e f t t r a n s f e r s 
( S i g n T e s t P = 0 . 0 0 6 3 ) . No n o t e w o r t h y d i f f e r e n c e s were f o u n d 
b e t w e e n sex o r s p e c i e s g r o u p s i n r e s p e c t o f d i r e c t i o n o r 
s t r e n g t h o f p r e f e r e n c e o r i n f r e q u e n c y o f s w a p p i n g 
b e h a v i o u r . Summary d a t a a r e p r e s e n t e d i n T a b l e 6. 

TABLE 6. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r I n t e r m a n u a l 
O b j e c t T r a n f e r (Swapping). P r e f e r e n c e s (SP) E v a l u a t e d by z-
s c o r e a s L e f t ( L ) , R i g h t (R) o r A m b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e SP 

1 L . r F N I L 
2 L . r M N I L 
3 L . r • M 02 100 1.41 A 
4 L . r F 10 70 1.26 A 
5 C. a F 02 00 -1.41 A 
6 C.a M N I L 
7 L . r F 03 67 0.58 A 
8 L . r M 03 67 0.58 A 
9 L . r F N I L 
10 L. r . c M N I L 
11 S . i M 03 67 0.58 A 
12 S . i F 15 60 0.77 A 
13 C.g M N I L 
14 S. o F 02 50 0.00 A 
15 C.g M 14 57 0.53 A 
16 C.g F 02 . 50 0.00 A 
17 C.p M 01 100 1.00 A 
18 C.p F 01 100 1.00 A 
19 C.p M 05 60 0.45 A 
20 L . r F 02 50 0.00 A 
21 L. r . c M 05 60 0.45 A 

Hand t o Mo u t h A c t i o n s . 

Food i t e m s were b r o u g h t t o t h e mouth u s i n g a s i n g l e 
h a n d i n 1208 r e c o r d e d i n s t a n c e s (Mean = 57.52 a c t s / s u b j e c t , 
SD = 36.58, r a n g e 7 - 1 3 5 ) . S u b j e c t s were between 2.86% and 
100% l e f t - h a n d p r e f e r e n t f o r t h i s a c t i v i t y (Mean •= 5 1 . 9 3 % ) . 
As e x p e c t e d , on most o c c a s i o n s t h e hand b r i n g i n g f o o d t o t h e 
m o u t h was t h e same as t h a t i n i t i a l l y u s e d t o p i c k i t up, as 
s u g g e s t e d b y t h e r e l a t i v e l y l o w i n c i d e n c e o f s w a p p i n g . S i n c e 
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most f o o d i t e m s r e q u i r e d 2-3 b i t e s t o consume, z - s c o r e s were 
r e l a t i v e l y h i g h . A c c o r d i n g t o t h e z - s c o r e c r i t e r i o n t h e r e 
w e r e 7 l e f t - , 7 r i g h t - and 7 a m b i p r e f e r e n t i n d i v i d u a l s (See 
T a b l e 7 . ) . No d i f f e r e n c e s b e t w e e n sex o r s p e c i e s g r o u p i n g s 
w e r e n o t e d . 

TABLE 7. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r Hand t o Mouth 
A c t i o n s (Mouthing). P r e f e r e n c e s (MP) E v a l u a t e d by z - s c o r e 
a s L e f t ( L ) , R i g h t (R) o r A m b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e MP 

1 L . r F 12 42 -0 .58 A 
2 L . r M 07 71 1.13 A 
3 L . r M 80 85 6.26* L 
4 L . r F 108 57 1.54 A 
5 C.a F 76 75 4 .36* L 
6 C.a M 49 76 3.86* L 
7 L . r F 95 14 -7.08* R 
8 L . r M 82 93 7.73* L 
9 L . r F . 36 100 6.00* L 
10 L . r . c M 08 75 1.41 A 
11 S . i M 41 46 -0 . 47 A 
12 S . i F 115 58 1.77 A 
13 C.g M 35 03 -5.58* R 
14 S.o F 42 05 -5.86* R 
15 C.g M 87 24 -4.82* R 
16 C.g F 39 85 4 .32* L 
17 C.p M 135 87 8 . 69* L 
18 C.p F 49 06 -6.14* R 
19 C.p M 23 35 -1.46 A 
20 L . r F 27 15 -3.66* R 
21 L . r . c M 62 37 -2.03* R 

* s t a t i s t i c a l l y s i g n i f i c a n t z - s c o r e s (P<=.05, 2 - t a i l e d ) . 

A l l o g r o o m i n g B e h a v i o u r s . 
G r o o m i n g b e t w e e n a n i m a l s was seen r a t h e r i n f r e q u e n t l y , 

a nd when i t d i d o c c u r , i t was o f t e n i n l o c a t i o n s where i t 
was e x t r e m e l y d i f f i c u l t t o be c e r t a i n who was d o i n g what t o 
whom, and w i t h w h i c h hand. Under s u c h c i r c u m s t a n c e s , e v e n t s 
w e r e n o t r e c o r d e d when t h e r e was f e l t t o be a p o s s i b i l i t y o f 
e r r o r . As a r e s u l t t h e d a t a g a t h e r e d a r e somewhat s p a r s e . 
The " p r o b i n g " b e h a v i o u r was n o t c l e a r l y seen t o o c c u r a t a l l 
d u r i n g an o b s e r v i n g r u n , so t h e r e a r e no d a t a t o be 
c o n s i d e r e d . The " r e l e a s e " a c t i o n i s a s i m p l e s e q u i t u r t o 
" g r i p " and i s n o t c o n s i d e r e d f u r t h e r . 

33 



TABLE 8. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r G r i p p i n g . 
P r e f e r e n c e s (GP) E v a l u a t e d by z - s c o r e as L e f t ( L ) , R i g h t (R) 
o r A i n b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z-8core GP 

1 L . r F 02 50 0.00 A 
2 L . r M 02 00 -1.41 A 
3 L . r M 05 80 1.34 A 
4 L . r F 01 00 -1.00 A 
5 C. a F N I L 
6 C.a M N I L 
7 L . r F N I L 
8 L . r M 03 33 -0.58 A 
9 L . r F 01 100 1.00 A 
10 L. r . c M N I L 
11 S . i M 02 50 -0.47 A 
12 S . i F N I L 
13 C.g M N I L 
14 S.o F 04 100 2.00* L 
15 C.g M N I L 
16 C.g F 03 100 1.73 A 
17 C.p M N I L 
18 C.p F N I L 
19 C.p M 02 50 0.00 A 
20 L . r F 10 80 1. 90 A 
21 L. r . c M 02 100 1.41 A 

* s t a t i s t i c a l l y s i g n i f i c a n t z - s c o r e (P<=.05, 2 - t a i l e d ) 

G r i p p i n g . 
O n l y 37 a c t s o f g r i p p i n g were r e c o r d e d (Mean = 1.76 

a c t s / s u b j e c t , SD = 2 . 4 1 , r a n g e 0 t o 1 0 ) . N i n e a n i m a l s were 
n o t seen t o e x h i b i t t h i s b e h a v i o u r . The r e m a i n i n g 12 
s u b j e c t s showed a p r e f e r e n c e r a n g e b e t w e e n 0% and 100% l e f t -
p r e f e r e n t (Mean = 6 1 . 9 % ) . O n l y one a n i m a l c o u l d be c l a s s e d 
as l e f t - p r e f e r e n t b y z - s c o r e , t h e r e m a i n d e r b e i n g 
a m b i p r e f e r e n t . S i g n t e s t P>.05. T h e r e were no d i f f e r e n c e s 
b e t w e e n sex o r s p e c i e s g r o u p i n g s on t h e b a s i s o f t h i s 
l i m i t e d i n f o r m a t i o n , w h i c h i s s u mmarized i n T a b l e 8. 
R a k i n g . 

The one-handed r a k i n g a c t i o n was r e c o r d e d 257 t i m e s 
(Mean = 12.24 a c t s / s u b j e c t , SD = 22.09, r a n g e 0 t o 9 7 ) . N i n e 
a n i m a l s d i d n o t p e r f o r m t h i s a c t i o n . These were n o t 
p r e c i s e l y t h e same n i n e w h i c h d i d n o t g r i p , s i n c e one 
s u b j e c t r a k e d w i t h o u t g r i p p i n g and a n o t h e r g r i p p e d b u t d i d 
n o t r a k e . One s u b j e c t (Number 8) a c c o u n t e d tor more t h a n 37% 
o f a l l t h e i n s t a n c e s s e en. 
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TABLE 9. P e r c e n t a g e L e f t (%L) P r e f e r e n c e F o r R a k i n g . 
P r e f e r e n c e s (RP) E v a l u a t e d by z - s c o r e a s L e f t (L) , R i g h t (R) 
o r A m b i p r e f e r e n t (A) 

S u b j e c t S p e c i e s Sex N %L z - s c o r e RP 

1 L . r F 07 29 -1.13 A 
2 L . r M 10 50 0.00 A 
3 L . r M 10 20 -1.90 A 
4 L . r F 02 100 1.41 A 
5 C. a F N I L 
6 C. a M N I L 
7 L . r F N I L 
8 L . r M 97 47 -0.51 A 
9 L . r F 03 33 -0.58 A 
10 L. r . c M N I L 
11 S . i M N I L 
12 S . i F N I L 
13 C.g M N I L 
14 S.o F 09 33 -1.00 A 
15 C.g M 16 44 -0.50 A 
16 C.g F 28 54 0.38 A 
17 C.p M N I L 
18 C.p F N I L 
19 C.p M 13 38 -0.83 A 
20 L . r F 34 47 -0.34 A 
21 L. r . c M 28 43 -0.76 A 

L e f t - h a n d p r e f e r e n c e r a n g e d f r o m 20% t o 100% (Mean 
4 4 . 8 6 % ) . A l l a n i m a l s were c o n s i d e r e d a m b i p r e f e r e n t by z-
s c o r e (See T a b l e 9.) . As a g r o u p t h e y showed a t e n d e n c y t o 
s l i g h t l y p r e f e r t h e r i g h t h a n d f o r r a k i n g , w i t h o n l y 2 o f 12 
a n i m a l s p e r f o r m i n g more r a k i n g a c t i o n s w i t h t h e l e f t ( S i g n 
T e s t , P = 0 . 0 6 5 4 ) . No d i f f e r e n c e s were f o u n d between sex o r 
s p e c i e s g r o u p s i n r e s p e c t o f d i r e c t i o n o r s t r e n g t h o f 
p r e f e r e n c e s o r i n 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 t h e 
b e h a v i o u r . 

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

o f t h e s u b j e c t s f o r each b e h a v i o u r were c o n c o r d a n t w i t h , o r 
c o m p l e m e n t a r y t o t h e i r p r e f e r e n c e s on o t h e r b e h a v i o u r s , a 
s e r i e s o f c o r r e l a t i o n c o e f f i c i e n t s were computed. I t s h o u l d 
be o b v i o u s t h a t p r e f e r e n c e s f o r p i c k i n g , m o u t h i n g and 
d r o p p i n g w i l l be h i g h l y p o s i t i v e l y c o r r e l a t e d w i t h each 
o t h e r (as i n d e e d was t h e case) . E q u a l l y i t i s c l e a r t h a t 
g r i p p i n g and r a k i n g p r e f e r e n c e s w i l l c o r r e l a t e n e g a t i v e l y . 
Such l o g i c a l l y i n e s c a p e a b l e r e l a t i o n s h i p s have been r e g a r d e d 

35 



a s t r i v i a l and a r e not c o n s i d e r e d f u r t h e r . S i n c e t h e r e was 
no r e a s o n t o e x p e c t t h e same hand or d i r e c t i o n t o be 
p r e f e r r e d f o r a l l a c t i v i t i e s , and t he purpose was s i m p l y t o 
i n v e s t i g a t e what r e l a t i o n s h i p s , i f any, e x i s t , comparisons 
made between o t h e r b e h a v i o u r s were t w o - t a i l e d . 

z - S c o r e Comparisons. 
Among t h e whole p o p u l a t i o n of 21 a n i m a l s , z - s c o r e s f o r 

t u r n i n g p r e f e r e n c e were found t o be n e g a t i v e l y c o r r e l a t e d 
w i t h d i r e c t i o n of i n t e r m a n u a l t r a n s f e r ("swapping") 
( P e a r s o n ' s r=-0.514, P=0.05). Thus anmals r i g h t - p r e f e r e n t 
f o r d i r e c t i o n of t u r n i n g tended t o swap items from r i g h t t o 
l e f t hands, and v i c e v e r s a . T h i s was almost e q u a l l y t r u e f o r 
males as f e m a l e s , and a l s o between the two s p e c i e s 
g r o u p i n g s , a l l showing s i m i l a r v a l u e s of r when c o n s i d e r e d 
s e p a r a t e l y . Among males t h e r e was a s t r o n g r e l a t i o n s h i p 
between s e l f - g r o o m i n g and swapping p r e f e r e n c e s (r=0.720, 
P<0.02). T h i s was not true, of f e m a l e s , or of the p o p u l a t i o n 
as a whole. . Males a l s o showed a s i g n i f i c a n t n e g a t i v e 
r e l a t i o n s h i p between r a k i n g and swapping p r e f e r e n c e ( r = -
0.926, P<0.05). F o r t h e whole sample t h e r e was a weak 
t e n d e n c y f o r t h e hand p r e f e r r e d f o r f i n e m a n i p u l a t i o n t o be 
t h a t p r e f e r r e d f o r b r i n g i n g food i t e m s t o the mouth (r=.443 
0.1>P>0.05). Comparisons made between the two taxonomic 
g r o u p i n g s . r e v e a l e d no s p e c i f i c r e l a t i o n s h i p s t h a t were not 
t r u e of t h e whole group. 

S t r e n g t h of P r e f e r e n c e s . 
L e a v i n g a s i d e t h e t r i v i a l r e l a t i o n s h i p s between 

p i c k i n g , d r o p p i n g and mouthing e t c . t h e r e were o t h e r 
s i g n i f i c a n t r e l a t i o n s h i p s between s t r e n g t h of p r e f e r e n c e s 
f o r some o t h e r b e h a v i o u r s . I n t h e whole group, s t r e n g t h of 
t u r n i n g p r e f e r e n c e was p o s i t i v e l y c o r r e l a t e d w i t h s t r e n g t h 
of r a k i n g (r=0.614, P<0.05) and swapping (r=0.577, P<0.05) 
p r e f e r e n c e s , and n e g a t i v e l y w i t h g r i p p i n g p r e f e r e n c e 
(r=-0.692, P<0.05). S t r e n g t h of r a k i n g and swapping 
p r e f e r e n c e s were a l s o s t r o n g l y r e l a t e d . (r=0.815, P<0.01). 
F o r males c o n s i d e r e d s e p a r a t e l y , both the o b s e r v e d 
s i g n i f i c a n t r e l a t i o n s h i p s were p o s i t i v e . These were: t u r n 
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and r a k e ( r = 0 . 8 8 3 , P<0.02) and r a k e and swap ( r = 0 . 9 2 6 , 
P < 0 . 0 5 ) . F o r f e m a l e s t h e r e was a n e g a t i v e a s s o c i a t i o n 
b e t w e e n s t r e n g t h o f t u r n and g r i p p r e f e r e n c e ( r = - 0 . 9 1 , 
P<0.05) a n d p o s i t i v e c o r r e l a t i o n s b e t w e e n s e l f - g r o o m and 
m a n i p u l a t e ( r = 0 . 7 2 8 , P<0.05) and b e t w e e n t u r n and swap 
( r = 0 . 7 1 7 , P<0.05) . 

F r e q u e n c y o f O c c u r r e n c e . 
Rank o r d e r c o r r e l a t i o n c o e f f i c i e n t s (Spearman) were 

c o m p u t e d f o r 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 b e h a v i o u r s . I t 
i s r e c o g n i s e d t h a t t h e v a l u e s o b t a i n e d s h o u l d be t r e a t e d 
w i t h c a u t i o n due t o t h e l a r g e numbers o f t i e d r a n k s on some 
b e h a v i o u r s , p a r t i c u l a r l y t h e l e s s commonly o c c u r r i n g ones 
where numbers o f s u b j e c t s were t i e d on z e r o r e s p o n s e s . F o r 
t h i s r e a s o n t h e r e s u l t s w i l l n o t be d i s c u s s e d i n d e t a i l . 
However most o f t h e c o r r e l a t i o n s o b t a i n e d were m o d e r a t e l y t o 
s t r o n g l y p o s i t i v e , i n d i c a t i n g t h a t a n i m a l s showed 
d i s t i n c t i v e l e v e l s o f g e n e r a l a c t i v i t y , r a t h e r t h a n 
p e r f o r m i n g some a c t i v i t i e s t o t h e n e g l e c t o f o t h e r s . The 
o n l y p e r s i s t e n t l y n e g a t i v e r e l a t i o n s h i p s were between 
b i m a n u a l m a n i p u l a t i o n and b o t h g r i p p i n g and r a k i n g 
b e h a v i o u r s , s u g g e s t i n g p o s s i b l y t h a t a n i m a l s e n g a g i n g i n 
more b i m a n u a l • m a n i p u l a t i o n may a l l o g r o o m l e s s and v i c e -
v e r s a . T h e r e seems no r e a s o n t o e x p e c t t h i s , and s i n c e a l l 
t h r e e b e h a v i o u r s were i n f r e q u e n t , w i t h many z e r o t i e s , t h e 
r e l a t i o n s h i p s h o u l d be r e g a r d e d as s p u r i o u s . 

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

c o n s e c u t i v e t u r n s were f r e q u e n t l y o b s e r v e d . An a n a l y s i s o f 
t h e f r e q u e n c y and c o m p o s i t i o n o f b o u t s was u n d e r t a k e n . F o r 
t h e p u r p o s e o f t h e a n a l y s i s a b o u t o f t u r n i n g a c t i v i t y was 
t a k e n t o be a p e r i o d o f t i m e d u r i n g w h i c h s u c c e s s i v e t u r n s 
w ere o b s e r v e d , t e r m i n a t e d b y t h e o c c u r r e n c e o f any o t h e r 
r e c o r d a b l e a c t i v i t y , l o s s o f v i s u a l c o n t a c t w i t h t h e s u b j e c t 
o r a p e r i o d o f 30 seconds d u r i n g w h i c h no t u r n s were seen. A 
b o u t c o u l d t h u s c o n s i s t o f a s i n g l e t u r n o r a sequence o f 
s e v e r a l t u r n s . A t o t a l o f 884 t u r n i n g b o u t s were r e c o r d e d . 
The a v e r a g e d u r a t i o n o f b o u t s was 23.08 seconds ( s i n g l e - a c t 
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b o u t s e f f e c t i v e l y have z e r o d u r a t i o n . The mean number o f 
t u r n s / b o u t was 2.469 (SD = 0 . 8 8 ) , and s u b j e c t s p e r f o r m e d on 
a v e r a g e 42.1 b o u t s e a c h d u r i n g t h e t i m e u n d e r o b s e r v a t i o n . 
T h e r e were no sex o r s p e c i e s - g r o u p d i f f e r e n c e s i n t h e number 
o r d u r a t i o n o f b o u t s o r i n t h e number o f a c t a / b o u t . 

I n an e f f o r t t o g a i n i n f o r m a t i o n a b o u t l a t e r a l 
p r e f e r e n c e s , t h e s u b j e c t s were a s s e s s e d a c c o r d i n g t o t h e 
numbers o f t h e i r t u r n s w i t h i n b o u t s t h a t o c c u r r e d i n r u n s o f 
more t h a n 1 t u r n i n t h e same d i r e c t i o n . More r i g h t t u r n s 
o c c u r r e d s i n g l y t h a n i n r u n s ( t = 2 . 6 4 , P<0.02 2 - t a i l e d ) . 
Somewhat more l e f t t u r n s t h a n r i g h t t u r n s happened i n 
m u l t i p l e r u n s ( t = 1 . 7 2 , P=0.096 2 - t a i l e d NS) and i t was 
h y p o t h e s i s e d t h a t t h i s was p r i m a r i l y due t o t h e i n f l u e n c e o f 
t h e f e m a l e s who showed a s l i g h t p r e f e r e n c e f o r l e f t t u r n i n g 
(See T a b l e 2 . ) . I n f a c t f e m a l e s were f o u n d t o make more l e f t 
t u r n s i n r u n s t h a n r i g h t t u r n s ( t = 1 . 9 5 , P<0.05, 1 - t a i l e d ) . 
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DISCUSSION 

S u b j e c t s . 
The a n i m a l s o b s e r v e d i n t h i s s t u d y were f r o m a 

s e l e c t i o n o f c l o s e l y r e l a t e d t a x a o f t h e f a m i l y 
C a l l i t r i c h i d a e . S i n c e o n l y t e n members o f a s i n g l e s p e c i e s 
( L . r o s a i i a ) were a v a i l a b l e f o r s t u d y , a p o p u l a t i o n f e l t t o 
be r a t h e r s m a l l f o r t h e p u r p o s e , t h e i r numbers were 
s u p p l e m e n t e d w i t h e l e v e n o t h e r a n i m a l s f r o m f i v e s p e c i e s . 
S i m i l a r measures have been a d o p t e d b y o t h e r l a t e r a l i t y 
r e s e a r c h e r s s e e k i n g t o draw g e n e r a l c o n c l u s i o n s a b o u t a 
t a x o n o m i c g r o u p . The e x t r e m e example p e r h a p s was t h e work o f 
Ward e t al 1990 on 194 members o f t h e genus Lemur. The 
a n i m a l s s e l e c t e d f o r t h e p r e s e n t s t u d y r a n g e d a c r o s s g e n e r i c 
b o u n d a r i e s as w e l l , f i v e d i f f e r e n t g e n e r a b e i n g i n v o l v e d . I t 
was c l e a r l y i m p o r t a n t t o e s t a b l i s h w h e t h e r t h e s e 21 a n i m a l s 
can be r e g a r d e d as a homogeneous sample as f a r as t h e i r 
l a t e r a l p r e f e r e n c e s a r e c o n c e r n e d . The c o m p a r i s o n s made 
b e t w e e n t h e "L. r o s a i i a " and " o t h e r s p e c i e s " s u b g r o u p s g i v e 
r e a s o n f o r c o n f i d e n c e i n t h i s r e s p e c t . V e r y few i n d i c a t i o n s 
o f d i f f e r e n c e s i n l a t e r a l i z a t i o n , and c e r t a i n l y none o f 
s i g n i f i c a n c e , were o b s e r v e d b e t w e e n t h e two g r o u p s . I t i s 
p r o b a b l y j u s t i f i a b l e t o c l a i m t h a t t h e s t u d y p o p u l a t i o n was 
r e p r e s e n t a t i v e o f C a l l i t r i c h i d s p e c i e s i n g e n e r a l , o r a t 
l e a s t t h o s e f r o m w h i c h t h e sample was drawn. 
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Computer D a t a - R e c o r d i n g T e c h n i q u e . 
The use o f c o m p u t e r s f o r r e c o r d i n g o b s e r v a t i o n s i n b o t h 

l a b o r a t o r y a nd f i e l d s e t t i n g s has become more common w i t h 
t h e i n c r e a s i n g a v a i l a b i l i t y a nd r e d u c e d c o s t o f c o m p u t i n g 
p o wer. H a r d w a r e d e v e l o p m e n t s s u c h as l a p t o p and p o c k e t 
c o m p u t e r s a r e b e c o m i n g v a l u a b l e t o o l s t o r e s e a r c h e r s who 
c a r e t o e x p l o i t t h e i r p o t e n t i a l (See B a r t o n & W h i t e n , 1 9 8 8 ) . 
I n c r e a s i n g i n t e r e s t i n c o m p u t e r d a t a - r e c o r d i n g has been 
e x p l o i t e d b y s o f t w a r e d e s i g n e r s a nd t h e r e a r e now s e v e r a l 
c o m m e r c i a l p r o g r a m s a v a i l a b l e , t h e b e s t known p r o b a b l y b e i n g 
N o l d u s ' s "The O b s e r v e r " . 

I n t h e p r e s e n t s t u d y c o m m e r c i a l s o f t w a r e was n o t u s e d 
f o r t w o r e a s o n s ; f i r s t l y , c o n s i d e r a t i o n o f c o s t p r e c l u d e d 
t h e p u r c h a s e o f a s u i t a b l e p r o g r a m , and s e c o n d l y , p r e v i o u s 
e x p e r i e n c e w i t h "The O b s e r v e r " l e d me t o c o n c l u d e t h a t i t 
l a c k e d t h e f l e x i b i l i t y f o r t h e a p p l i c a t i o n I was 
c o n s i d e r i n g . S i n c e I was c a p a b l e o f d e v e l o p i n g s u i t a b l e 
s o f t w a r e f o r t h i s s p e c i f i c a p p l i c a t i o n m y s e l f , I d e c i d e d t o 
do s o . 

T h i s d e c i s i o n was v i n d i c a t e d b y t h e f l a w l e s s 
p e r f o r m a n c e o f t h e HANDY p r o g r a m t h r o u g h o u t t h e o b s e r v i n g 
p e r i o d . H a v i n g been c r e a t e d f o r a v e r y s p e c i f i c t a s k , t h e 
p r o g r a m , i n i t s c u r r e n t s t a t e o f d e v e l o p m e n t i s u n s u i t a b l e 
f o r any o t h e r a p p l i c a t i o n . However, i t c o u l d q u i t e e a s i l y be 
m o d i f i e d w i t h t h e a d d i t i o n o f a r o u t i n e t o a l l o w u s e r s t o 
s e t i t up f o r t h e i r own o b s e r v a t i o n s . I f I have need f o r a 
s i m i l a r p r o g r a m a g a i n , I may d e v e l o p HANDY i n t h i s manner 
and r e l e a s e t h e p r o g r a m as "Sha r e w a r e " t o p r o v i d e a f r e e 
a l t e r n a t i v e t o c o m m e r c i a l s o f t w a r e f o r some a p p l i c a t i o n s . 
P o p u l a t i o n - l e v e l L a t e r a l i t y i n C a l l i t r i c h i d s . 

The f i n d i n g s o f t h i s s t u d y do n o t p r o v i d e s u p p o r t f o r 
t h e e x i s t e n c e o f any p o p u l a t i o n - l e v e l l a t e r a l p r e f e r e n c e i n 
C a l l i t r i c h i d s c o m p a r a b l e w i t h t h o s e c l a i m e d , f o r example, t o 
e x i s t i n l e m u r s (Ward, 1990; Mas a t a k a , 1 9 8 9 ) . Nor do t h e s e 
r e s u l t s a c c o r d w i t h t h o s e o f Box (1977) f o r common 
marmos e t s , who f o u n d s i x o f e i g h t a n i m a l s t o be l e f t h a nd-
p r e f e r e n t f o r g r a s p i n g , t h o u g h w h e t h e r h e r f i n d i n g s amount 
t o a p o p u l a t i o n - l e v e l b i a s i s u n c l e a r g i v e n t h e s m a l l sample 
s i z e . 
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I n g e n e r a l , t h e f i n d i n g s f o r most b e h a v i o u r s most 
c l o s e l y r e s e m b l e t h o s e of t h e m a j o r i t y of s i m p l e r e a c h i n g 
s t u d i e s i n monkeys, s u b j e c t s showing a range of i n d i v i d u a l 
p r e f e r e n c e s , but w i t h r a t h e r few s i g n i f i c a n t l y l a t e r a l i z e d 
one way or t h e o t h e r . 

I t may be t r u e t h a t p o p u l a t i o n - l e v e l l a t e r a l i t y does 
not e x i s t among C a l l i t r i c h i d s , but b e f o r e t h i s can be 
c o n c l u d e d , f a c t o r s m i t i g a t i n g a g a i n s t the e x p r e s s i o n of 
l a t e r a l p r e f e r e n c e s must be t a k e n i n t o a c c o u n t . Much r e c e n t 
e v i d e n c e has u n d e r l i n e d t h e importance of p o s t u r e i n the 
e x p r e s s i o n of hand p r e f e r e n c e . S a n f o r d e t al (1984) and 
F o r s y t h e e t al (1988) have r e p o r t e d p o s t u r a l l y r e l a t e d 
v a r i a t i o n s i n h a n d - p r e f e r e n c e f o r p r o s i m i a n s , w h i l e Fagot e t 
al (1991) form a s i m i l a r c o n c l u s i o n about monkeys. I t was 
not p o s s i b l e i n t h i s s t u d y t o p l a c e any c o n s t r a i n t s upon 
p o s t u r e which might have a l l o w e d l a t e r a l p r e f e r e n c e s t o be 
more e a s i l y s e e n . Spontaneous b e h a v i o u r o n l y c o u l d be 
o b s e r v e d as t h i s was not an e x p e r i m e n t a l s i t u a t i o n . I n 
r e t r o s p e c t i t would have been d e s i r a b l e t o have noted the 
p o s t u r e s p o n t a n e o u s l y adopted by the a n i m a l s when engaged i n 
manual b e h a v i o u r , as i t would have been u s e f u l t o document 
p o s t u r a l l y r e l a t e d v a r i a t i o n s i f any e x i s t e d . I t s h o u l d be 
e x p e c t e d t h a t t h e s u b j e c t s would not adopt extreme p o s t u r e s 
t o g r a s p food when t h e y a r e not r e q u i r e d t o . These a n i m a l s 
f e d p r i m a r i l y from d i s h e s p l a c e d on the f l o o r , or v e r y 
q u i c k l y u p s e t onto t h e f l o o r i f t h e y were not. Thus t h e r e 
was no c o m p e l l i n g r e a s o n t o s t a n d b i p e d a l l y or hang from a 
b r a n c h i n o r d e r t o f e e d . Under t h e s e c i r c u m s t a n c e s i t seems 
t h a t l a t e r a l p r e f e r e n c e s w i l l not be shown t o t h e i r g r e a t e s t 
e x t e n t . I t i s i n t e r e s t i n g t o note the s i g n i f i c a n t f i n d i n g 
t h a t most a n i m a l s p a s s e d food items more f r e q u e n t l y from 
t h e i r r i g h t t o t h e i r l e f t hands. I t may be t h a t some 
i n d i v i d u a l s , w h i l e e q u a l l y a b l e t o s e i z e an i t e m w i t h e i t h e r 
hand under p o s t u r a l l y undemanding c o n d i t i o n s , p r e f e r t o 
t r a n s f e r t h e i t e m t o t h e l e f t hand, l e a v i n g the r i g h t hand 
empty t o s u p p o r t them i n a t r i p e d a l locomotory p o s t u r e . T h i s 
h y p o t h e s i s c o u l d have been t e s t e d i f note was t a k e n of the 
f o r e l i m b u s e d i n t r i p e d a l l o c omotion. An e a r l y v e r s i o n of 
the observation schedule incorporated t h i s item, but i t was 
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d i s c a r d e d t o r e d u c e k e y b o a r d o p e r a t i n g demands upon t h e 
o b s e r v e r , a l l o w i n g more measures o f g r o o m i n g b e h a v i o u r s t o 
be made. W i t h h i n d s i g h t t h i s now a p p e a r s u n f o r t u n a t e . 

W h i l e t h e r e i s no e v i d e n c e for p o p u l a t i o n - l e v e l 
l a t e r a l i t y f r o m t h e s e d a t a , n e i t h e r i s t h e r e c o n c l u s i v e 
e v i d e n c e f o r absence o f l a t e r a l i t y , w h i l e scope f o r 
r e f i n e m e n t o f t h e o b s e r v a t i o n s c h e d u l e e x i s t s . The q u e s t i o n 
o f t h e e x i s t e n c e o f a p o p u l a t i o n b i a s i n l a t e r a l p r e f e r e n c e s 
i n C a l l i t r i c h i d s r e m a i n s an open one. 
I n d i v i d u a l L a t e r a l P r e f e r e n c e s . 

The s t r o n g e s t l a t e r a l p r e f e r e n c e s were seen f o r t h e 
h a n d - t o - m o u t h b e h a v i o u r . P r e f e r e n c e s were s t r o n g l y 
c o r r e l a t e d , as w o u l d be e x p e c t e d w i t h p i c k i n g p r e f e r e n c e s 
and o c c u r r e d more f r e q u e n t l y . T h i s b e h a v i o u r p r o b a b l y 
p r o v i d e s t h e b e s t i n d i c a t i o n o f l a t e r a l p r e f e r e n c e f o r t h e 
s e t o f t a s k s i n v o l v e d i n u n i m a n u a l f e e d i n g . The s u b j e c t s ' 
p r e f e r e n c e s were d i s t r i b u t e d e q u a l l y , w i t h seven a n i m a l s 
e a c h i n t h e l e f t - h a n d e d , r i g h t - h a n d e d and a m b i d e x t r o u s 
c a t e g o r i e s . The d i s t r i b u t i o n i s s t r i k i n g l y s i m i l a r t o t h a t 
f o u n d i n W a rren's e a r l y (1953) s t u d y o f f o o d - r e a c h i n g i n 
r h e s u s monkeys. 

Few a n i m a l s showed s t r o n g l a t e r a l p r e f e r e n c e s f o r s e l f -
g r o o m i n g . U n d o u b t e d l y t h e scope f o r e x p r e s s i o n o f a 
p r e f e r e n c e i n t h i s b e h a v i o u r i s l i m i t e d . The hand u s e d w i l l 
be t h e one w h i c h can most c o n v e n i e n t l y be a p p l i e d t o t h e 
b o d y p a r t t o be groomed. Few t a r g e t a r e a s ( o n l y t h o s e l y i n g 
on t h e m i d l i n e o f t h e body) w i l l be e q u a l l y a c c e s i b l e t o 
e i t h e r h a n d . I t i s p r o b a b l e t h a t t h o s e a n i m a l s w h i c h d i d 
show p r e f e r e n c e s s i m p l y happened t o have s p e c i f i c 
i r r i t a t i o n s i n a p a r t i c u l a r p l a c e d u r i n g t h e o b s e r v a t i o n 
p e r i o d . I f a u t o g r o o m i n g i n any way s e r v e s a s e l f - c a l m i n g 
f u n c t i o n i n c o n d i t i o n s o f e m o t i o n a l a r o u s a l , o r o c c u r s as a 
s t e r e o t y p y i n a c a p t i v e a n i m a l , t h i s m i g h t p o s s i b l y evoke a 
l a t e r a l p r e f e r e n c e . However, n e i t h e r case a p p e a r e d t o a p p l y 
i n t h i s s t u d y . 

U n f o r t u n a t e l y , few a l l o g r o o m i n g s e s s i o n s were o b s e r v e d 
so v e r y l i t t l e can be s a i d a b o u t i n d i v i d u a l p r e f e r e n c e s f o r 
h a n d use i n t h i s a c t i v i t y . T h e r e i s l i t t l e o r no i n f o r m a t i o n 
a v a i l a b l e a b o u t h a n d p r e f e r e n c e s i n g r o o m i n g f r o m o t h e r 
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s t u d i e s e i t h e r . A s y s t e m a t i c i n v e s t i g a t i o n o f hand use i n 
ma n u a l g r o o m i n g i s l o n g o v e r d u e and w o u l d be a v e r y 
w o r t h w h i l e p r o j e c t i f t a c k l e d v i g o r o u s l y . 

I n t e r m a n u a l t r a n s f e r ("swapping") p r e f e r e n c e s were 
q u i t e weak, b u t 4s m e n t i o n e d above, o b j e c t s t e n d e d t o move 
i n t h e same d i r e c t i o n , f r o m r i g h t t o l e f t . O n l y 67 i n s t a n c e s 
o f t h i s b e h a v i o u r were o b s e r v e d . I t w o u l d have been 
d e s i r a b l e t o have h a d many more swaps r e c o r d e d t o see 
w h e t h e r a weak b u t d e f i n i t e l y d i r e c t i o n a l t r e n d p e r s i s t e d , 
o r w h e t h e r i n d i v i d u a l p r e f e r e n c e s became p o l a r i s e d , and i f 
so, i n w h i c h d i r e c t i o n . 

No s u b j e c t showed a s i g n i f i c a n t p r e f e r e n c e f o r one hand 
f o r t h e " f i n e c o n t r o l " s i d e i n b i m a n u a l m a n i p u l a t i o n . 
However, most s u b j e c t s t e n d e d t o p r e f e r t h e r i g h t hand, as 
w o u l d be p r e d i c t e d b y t h e M a c N e i l a g e e t a l (1987) model. The 
number o f i n s t a n c e s seen was s m a l l , so t h i s m i g h t have 
amounted t o a s i g n i f i c a n t p o p u l a t i o n c h a r a c t e r i s t i c g i v e n 
more d a t a . C a l l i t r i c h i d s do n o t have p a r t i c u l a r l y d e x t r o u s 
h a n d s , t h e d i g i t s b e i n g e q u i p p e d w i t h l o n g , c u r v e d c l a w s 
( S e t h & S e t h , 1986) and i t may be t h a t f i n e m a n i p u l a t i o n i s 
a s k i l l t h e y g e n e r a l l y manage w i t h o u t . The most common 
a c t i v i t y c l a s s e d as b i m a n u a l i n t h e s e o b s e r v a t i o n s was 
b r u s h i n g d e t r i t u s f r o m a f o o d i t e m b e f o r e e a t i n g i t . T h i s 
p r o b a b l y r e q u i r e s l i t t l e i n t h e way o f f i n e l y c o n t r o l l e d 
m o t o r s k i l l . 

W hole-body t u r n i n g was t h e most f r e q u e n t a c t i v i t y 
r e c o r d e d . Dodson e t a l (1992) , e m p l o y i n g p r e c i s e l y t h e same 
s t a t i s t i c a l c r i t e r i o n as was u s e d i n t h i s s t u d y , f o u n d a 
v e r y s i g n i f i c a n t l e f t - t u r n i n g b i a s i n mouse l e m u r s and 
g a l a g o s . R e s u l t s i n t h i s s t u d y were n o t a t a l l s i m i l a r . O n l y 
9 a n i m a l s showed s i g n i f i c a n t p r e f e r e n c e s , 5 l e f t and 4 
r i g h t . The o b s e r v a t i o n s were made u n d e r r a t h e r d i f f e r e n t 
c o n d i t i o n s t h o u g h . They were a b l e t o t e s t t u r n p r e f e r e n c e s 
u n d e r c o n t r o l l e d c o n d i t i o n s w h i c h were t h e same f o r each 
a n i m a l . I t i s n o t p o s s i b l e t o say w h e t h e r t h e same 
p r e f e r e n c e s w o u l d have been shown by t h e s u b j e c t s f r o m t h e 
p r e s e n t s t u d y w i t h o u t d u p l i c a t i n g t h e t e s t i n g s i t u a t i o n u s e d 
b y Dodson e t a l . Any i n h e r e n t t u r n i n g b i a s e s were no d o u b t 
weakened t o some e x t e n t b y t h e i n d i v i d u a l t o p o g r a p h y o f t h e 
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11 d i f f e r e n t e n c l o s u r e s , and b y c o n t i n u a l i n t e r a c t i o n s w i t h 
c a g e m a t e s . I t i s f a i r t o say t h a t t h e r e w o u l d be few 
o c c a s i o n s when s u b j e c t s w o u l d have a t r u l y f r e e c h o i c e a b o u t 
w h i c h way t o t u r n . Under t h e s e c i r c u m s t a n c e s i t i s n o t v e r y 
s u r p r i s i n g t h a t no p o p u l a t i o n - l e v e l , and few s t r o n g 
i n d i v i d u a l p r e f e r e n c e s were seen. 

D i s t r i b u t i o n o f I n d i v i d u a l P r e f e r e n c e s . 
G i v e n t h a t t h e a n i m a l s s t u d i e d showed a h i g h d e g r e e o f 

v a r i a b i l i t y i n b o t h s t r e n g t h and d i r e c t i o n o f p r e f e r e n c e s , 
a r e t h e s e h a p h a z a r d l y d i s t r i b u t e d , o r do i n d i v i d u a l s d i v i d e 
s k i l l s b e t w e e n hands and h e m i s p h e r e s i n a s y s t e m a t i c way? 
Dodson e t a l (1992) f o u n d no r e l a t i o n s h i p b etween r e a c h i n g 
a n d t u r n i n g p r e f e r e n c e s i n t h e i r s t u d y o f p r o s i m i a n s . The 
p r e s e n t s t u d y however has f o u n d i n d i v i d u a l t u r n i n g 
p r e f e r e n c e s t o be r e l a t e d a t l e a s t t o one manual b e h a v i o u r , 
s w a p p i n g . T u r n and swap p r e f e r e n c e s c o r r e l a t e d n e g a t i v e l y . 
Thus a n i m a l s who p r e f e r t o t u r n r i g h t , p r e f e r t o pass i t e m s 
f r o m r i g h t t o l e f t h and. I f t h e p r i m a r y p u r p o s e o f 
i n t e r m a n u a l t r a n s f e r i s t o f r e e a p r e f e r r e d f o r e l i m b f o r 
s u p p o r t i n l o c o m o t i o n , one m i g h t l i n k t h i s w i t h a g e n e r a l 
r i g h t f o r e l i m b p r e f e r e n c e f o r s u p p o r t , and v a r i a b l e t u r n i n g 
p r e f e r e n c e s t h a t t e n d s l i g h t l y t o w a r d s a l e f t b i a s . The 
s u g g e s t i o n may t h e n be made t h a t t h e r e i s a g e n e r a l 
p r e f e r e n c e f o r t h e use o f t h e " o u t s i d e " l i m b f o r s u p p o r t 
w h i l e t u r n i n g . Thus a n i m a l s can make " f o r e h a n d " o r 
" b a c k h a n d " t u r n s . L i k e many t e n n i s p l a y e r s t h e y p r e f e r t o 
p l a y t h e f o r e h a n d b u t c h o i c e i s o f t e n c o n s t r a i n e d by t h e 
s t a t e o f p l a y . I f t h i s s c e n a r i o b e a r s a t a l l on r e a l i t y one 
c o u l d p r e d i c t t h a t f r e e - r a n g i n g o r s p o n t a n e o u s c a p t i v e 
b e h a v i o u r w o u l d be c h a r a c t e r i s e d by w e a k l y - l e f t t u r n i n g 
b i a s e s , and i n f r e e - c h o i c e t e s t i n g s i t u a t i o n s s t r o n g e r - l e f t 
t u r n i n g b i a s e s w o u l d be seen. C l e a r l y t h i s h y p o t h e s i s c o u l d 
be t e s t e d b y o b s e r v a t i o n . The p r e s e n t s t u d y however i s t h e 
o n l y one t h e a u t h o r i s aware o f w h i c h has a s s e s s e d 
spontaneous w h o l e - b o d y t u r n i n g p r e f e r e n c e s i n nonhuman 
p r i m a t e s . More a r e r e q u i r e d . 

Sex d i f f e r e n c e s i n l a t e r a l i t y have not f i g u r e d 
p r o m i n e n t l y i n r e s e a r c h f i n d i n g s t o d a t e . Nor do t h e y h e r e . 
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though a few i n s t a n c e s may be w o r t h n o t i n g . For unimanual 
p i c k i n g , females were found t o be more l a t e r a l i z e d than 
males, b u t not s i g n i f i c a n t l y so. More i n t e r e s t i n g i s t h e 
f a c t t h a t 5 o f t h e s i x animals c l a s s e d as s i g n i f i c a n t l y 
r i g h t - h a n d p r e f e r e n t were female. A s s o c i a t i o n s between 
s t r e n g t h o f r i g h t - r e a c h b i a s w i t h female gender have been 
r e p o r t e d i n r i n g - t a i l e d lemurs ( M i l l i k e n e t a l , 1989) , 
s m a l l - e a r e d bushbabies ( M i l l i k e n e t a l 1990), gibbons 
( S t a f f o r d e t a l 1990), a l a r g e m u l t i s p e c i e s p o p u l a t i o n of 
Lemur (Ward e t a l , 1990) and a l s o i n humans (Annett, 1980; 
S e l t z e r e t a l , 1990) . A s t r o n g l y p o s i t i v e a s s o c i a t i o n was 
f o u n d i n males o n l y between swapping and s e l f - g r o o m i n g 
p r e f e r e n c e . For males t h e r e was a l s o a s i g n i f i c a n t n e g a t i v e 
c o r r e l a t i o n between swapping and r a k i n g p r e f e r e n c e . This 
suggests perhaps t h e r e ought t o be a n e g a t i v e a s s o c i a t i o n 
between s e l f - g r o o m i n g and r a k i n g p r e f e r e n c e (Only weakly 
s u p p o r t e d by t h e data) . I cannot imagine why males would 
p r e f e r one hand f o r s e l f - g r o o m i n g and another f o r 
a l l o g r o o m i n g (except reduced t r a n s m i s s i o n of p a r a s i t e s 
p e r h a p s ) . The d a t a on a l l o g r o o m i n g behaviours were r a t h e r 
sparse u n f o r t u n a t e l y so t o o much sho u l d not be made of t h i s 
r e l a t i o n s h i p . 

The importance o f t u r n i n g p r e f e r e n c e s as an i n d i c a t o r 
o f t h e s t r e n g t h o f an animal's g e n e r a l l a t e r a l o r g a n i z a t i o n 
i s u n d e r l i n e d by a number o f f i n d i n g s . S t r e n g t h o f t u r n i n g 
p r e f e r e n c e was p o s i t i v e l y c o r r e l a t e d w i t h b o t h r a k i n g and 
swapping p r e f e r e n c e s , and i n t e r e s t i n g l y , was n e g a t i v e l y 
c o r r e l a t e d w i t h g r i p p i n g p r e f e r e n c e . The i m p l i c a t i o n i s t h a t 
some i n d i v i d u a l s are l e s s a b l e , or i n c l i n e d , t o adapt t h e i r 
l a t e r a l c h o i c e s t o f i t t h e circumstances t h a n o t h e r s a r e . An 
a n i m a l does not have t o be g r i p p i n g t h e body of a cagemate 
i n o r d e r t o groom i t . I t may be t h a t animals w i t h s t r o n g 
l a t e r a l p r e f e r e n c e s are more i n s i s t e n t upon a d j u s t i n g t h e i r 
p o s i t i o n i n such a way t h a t t h e p r e f e r r e d grooming hand may 
be e a s i l y a p p l i e d w i t h o u t t h e need t o support themselves by 
h o l d i n g onto t h e cagemate. 

I n s t r e n g t h o f p r e f e r e n c e s , once again some gender 
s p e c i f i c r e l a t i o n s h i p s were noted. Females showed a n e g a t i v e 
a s s o c i a t i o n between s t r e n g t h o f t u r n and g r i p p r e f e r e n c e s . 
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and a p o s i t i v e c o r r e l a t i o n between sel f - g r o o m and 
m a n i p u l a t i n g p r e f e r e n c e s t h a t v?ere not t r u e of males nor o f 
th e p o p u l a t i o n as a whole. Since g r i p p i n g seems p r i m a r i l y t o 
be a p o s t u r a l s u p p o r t a c t i v i t y t h i s r e l a t i o n s h i p between 
t u r n and g r i p s t r e n g t h p r e f e r e n c e might have been p r e d i c t e d 
f o r t h e p o p u l a t i o n as a whole, as s t r o n g l y p r e f e r e n t t u r n e r s 
s h o u l d be expected t o move more o f t e n i n t o p o s i t i o n s where 
p o s t u r a l demands w h i l e grooming were m i n i m a l . The most 
common bimanual a c t i v i t y seen was b r u s h i n g d e t r i t u s from 
f o o d i t e m s . I t i s p o s s i b l e t h a t a s t r o n g l a t e r a l p r e f e r e n c e 
f o r t h i s a c t i v i t y might be g e n e r a l i z e d t o " b r u s h i n g " o f t h e 
animal's own body a l s o . I f t r u e , t h i s might be expected i n 
e i t h e r sex. The d a t a on bimanual m a n i p u l a t i o n were r a t h e r 
few however, so c a u t i o n p r e c l u d e s c l a i m i n g t h i s as a 
s p e c i f i c a l l y female a t t r i b u t e . 

The f i n d i n g t h a t females make more co n s e c u t i v e l e f t 
t u r n s t h a n r i g h t t u r n s w i t h i n bouts i s w o r t h n o t i n g . The 
f a c t t h a t t h e r i g h t - s i d e d p r e f e r e n c e s o f females are 
s t r o n g e r t h a n those o f males, as p r e v i o u s l y discussed may 
h e l p t o e x p l a i n t h i s . I f , as I have argued, t h e p r e f e r r e d 
hand f o r p o s t u r a l s u p p o r t i n f l u e n c e s t h e p r e f e r r e d d i r e c t i o n 
o f t u r n i n g , i t may be t h e case t h a t females are more l i k e l y 
t o o r i e n t themselves towards a p a r t i c u l a r d i r e c t i o n by 
s u c c e s s i v e l e f t t u r n s r a t h e r t h a n a s i n g l e r i g h t t u r n , i n 
o r d e r t o p l a c e more o f t h e t u r n i n g l o a d upon the p r e f e r r e d 
s u p p o r t i n g l i m b , r e g a r d l e s s o f whether t h e y are h o l d i n g an 
o b j e c t o r n o t . Females may e f f e c t i v e l y make more "forehand" 
t u r n s . 

Most a u t h o r i t i e s are agreed t h a t t h e r e should be some 
r e l a t i o n s h i p between ne u r o a n a t o m i c a l and b e h a v i o u r a l 
asymmetries. However t h e n a t u r e o f t h e hypothesised 
r e l a t i o n s h i p i s not c l e a r . MacNeilage e t al (1987) have 
argued t h a t c e r e b r a l asymmetries s h o u l d not be found i n 
species which do not show a r i g h t - h a n d p r e f e r e n c e f o r f i n e 
m a n i p u l a t i o n . I n p a r t i c u l a r t h e y p r e d i c t e d no asymmetry i n 
th e b r a i n s o f p r o s i m i a n s . Since t h e y wrote, manual 
l a t e r a l i z a t i o n i n p r o s i m i a n s has been more or l e s s proven t o 
e x i s t , n o t f o r r i g h t - h a n d f i n e m a n i p u l a t i o n , b u t f o r l e f t -
hand g r a s p i n g , f o r which t h e y do not expect t o f i n d an 
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a n a t o m i c a l c o r r e l a t e . To d i s c o v e r such a c o r r e l a t e i n 
p r o s i m i a n s would be e x t r e m e l y i n t e r e s t i n g , though d o u b t l e s s 
d i f f i c u l t t o demonstrate. U n f o r t u n a t e l y t h e r e i s no evidence 
a v a i l a b l e t o i n d i c a t e s t r u c t u r a l asymmetry i n pros i m i a n s or 
i n C a l l i t r i c h i d s , between which groups a comparison might 
have been made as t o t h e r e g i o n and e x t e n t o f t h e asymmetry 
i n l a t e r a l i z e d and n o n - l a t e r a l i z e d p r i m a t e s without f i n e 
m a n i p u l a t i o n s k i l l s . 
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Conclusions. 

I n v e s t i g a t i o n o f l a t e r a l p r e f e r e n c e s i n t h e spontaneous 
motor a c t i v i t y o f 21 C a l l i t r i c h i d p r i m a t e s found no evidence 
t o s u p p o r t t h e e x i s t e n c e o f p o p u l a t i o n - l e v e l l a t e r a l biases 
i n t h i s group. O b s e r v a t i o n s o f spontaneous behaviour i n 
c a p t i v e animals are t h o u g h t t o be u n l i k e l y t o e l i c i t t h e 
b e s t i n f o r m a t i o n about t h e u n d e r l y i n g p r e f e r e n c e s of 
i n d i v i d u a l s or p o p u l a t i o n s due t o t h e c o n s t r a i n t s upon 
l a t e r a l c hoices imposed by t h e environment and i n t e r a c t i o n s 
between i n d i v i d u a l s . Given t h e d i f f i c u l t y o f o b s e r v i n g 
C a l l i t r i c h i d s i n t h e w i l d , l a b o r a t o r y based t e s t i n g i s t h e 
method o f c h o i c e f o r i n v e s t i g a t i n g l a t e r a l p r e f e r e n c e s i n 
t h e s e a n i m a l s . For these reasons i t i s not safe t o r e f u t e 
t h e p o s s i b i l i t y t h a t p o p u l a t i o n - l e v e l p r e f e r e n c e s may e x i s t . 
F u r t h e r i n v e s t i g a t i o n w i l l be r e q u i r e d b e f o r e t h e q u e s t i o n 
can be s e t t l e d . 

I n d i v i d u a l p r e f e r e n c e s were n o t e d i n a number of manual 
b e h a v i o u r s as w e l l as whole-body t u r n i n g a c t i v i t y . 
R e l a t i o n s h i p s observed between s t r e n g t h and d i r e c t i o n of 
p r e f e r e n c e s f o r s e v e r a l d i r e c t i o n a l behaviours suggest v e r y 
c o m p e l l i n g l y t h a t "handedness" i s f a r from b e i n g a simple 
a t t r i b u t e and i t may w e l l be more a p p r o p r i a t e t o t a l k about 
manual s p e c i a l i z a t i o n f o r s p e c i f i c t a s k s as Fagot & V a u c l a i r 
(1988a) have argued. 

The " P o s t u r a l O r i g i n s " model o f p r i m a t e l a t e r a l i t y , 
proposed by MacNeilage e t a l (1987) i s c e r t a i n l y not 
c o n t r a d i c t e d by any f i n d i n g s from t h i s study. I n f a c t 
p o s t u r a l s p e c i a l i z a t i o n has been in v o k e d as a p o s s i b l e 
d e t e r m i n i n g f a c t o r i n t h e d i r e c t i o n o f t u r n i n g and 
i n t e r m a n u a l o b j e c t - t r a n s f e r p r e f e r e n c e s , s u g g e s t i n g a course 
f o r f u r t h e r r e s e a r c h . 

The use o f a m u l t i s p e c i e s p o p u l a t i o n of s u b j e c t s as 
r e p r e s e n t a t i v e o f t h e C a l l i t r i c h i d f a m i l y as a whole was 
c o n s i d e r e d v a l i d as 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 
l a t e r a l p r e f e r e n c e s between two t a x o n o m i c a l l y d i v i d e d 
subgroups. The s t u d y may w e l l have b e n e f i t e d i f i n f o r m a t i o n 
about p o s t u r e w h i l e p e r f o r m i n g manual a c t i v i t i e s had been 
o b t a i n e d . A l s o i n f o r m a t i o n about stance i n l o c o m o t i o n and 
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whole-body t u r n i n g may have help e d t o c l a r i f y some o f the 
r e l a t i o n s h i p s which can o n l y be s p e c u l a t e d about a t p r e s e n t , 
on t h e b a s i s o f these r e s u l t s . Data g a t h e r e d on l a t e r a l i t y 
i n a l l o g r o o m i n g b e h a v i o u r were d i s a p p o i n t i n g l y few. Grooming 
o c c u r r e d i n f r e q u e n t l y , and when i t d i d occur was o f t e n 
d i f f i c u l t t o observe. 

The use o f a l a p t o p p e r s o n a l computer f o r r e c o r d i n g 
data was found t o be a v e r y s a t i s f a c t o r y t e c h n i q u e . 
A p p l i c a t i o n - s p e c i f i c s o f t w a r e was c r e a t e d f o r the study. 
T h i s approach was advantageous i n terms of b o t h cost and 
performance. 
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APPENDIX 1 

Development of Data-recording program "HANDY". 

Design o f User I n t e r f a c e . 
R e a l-time b e h a v i o u r a l d a t a - r e c o r d i n g i s an a p p l i c a t i o n 

which imposes s e v e r a l i m p o r t a n t c o n s t r a i n t s upon upon user 
i n t e r f a c e d e s i g n . The v a r i o u s f u n c t i o n s o f t h e program 
sh o u l d , i d e a l l y , be c o m p l e t e l y t r a n s p a r e n t t o th e user. I t 
i s d e s i r a b l e t h a t t h e sequence o f steps r e q u i r e d t o r e c o r d 
d a t a be l o g i c a l and s e l f - e x p l a n a t o r y , w i t h on-screen prompts 
where necessary, o b v i a t i n g t h e need f o r an i n s t r u c t i o n 
manual. I n o r d e r t o minimise e r r o r s and maximise the r a t e a t 
which data can be recorded, t h e s t y l e o f i n t e r a c t i o n w i t h 
t h e program r e q u i r e d by t h e user s h o u l d be as simple as 
p o s s i b l e . The program s h o u l d be f o r g i v i n g . Where t h e user 
makes e r r o r s w h i l e o b s e r v i n g t h e y s h o u l d be c o r r e c t a b l e , and 
the user s h o u l d not be able t o l o s e data by c r a s h i n g t h e 
program i n a d v e r t e n t l y . 

I n t h i s i n s t a n c e demands were l e s s s t r i n g e n t than u s u a l 
s i n c e t h e programmer and user were t h e same person. However 
f o r maximum u t i l i t y and t o f u r n i s h a sound b a s i s f o r f u t u r e 
program development, t h e above p r i n c i p l e s were f o l l o w e d as 
f a r as p r a c t i c a b l e . 

The HANDY program i s menu-driven, o f f e r i n g t h e user 
f i v e s t r a i g h t f o r w a r d o p t i o n s : 

(1) E n t e r Subject D e t a i l s 
(2) S t a r t Observing Run 
(3) View and C o r r e c t E r r o r s 
(4) Send Data F i l e t o Hard Disk 
(0) Return t o DOS 

The o r d e r i n which menu o p t i o n s are pr e s e n t e d suggests t h e 
sequence o f a c t i o n s r e q u i r e d t o c o l l e c t and s t o r e a f i l e o f 
d a t a . S e l e c t i o n i s made by a s i n g l e keypress. Keys pressed 
o t h e r t h a n those o f f e r e d are i g n o r e d by th e program. 
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Menu Options 
(1) E n t e r Subject D e t a i l s 

The user i s prompted t o e n t e r t h e date, s u b j e c t number, 
sp e c i e s , age and sex o f t h e animal t o be observed. 
C o n f i r m a t i o n i s re q u e s t e d t h a t t h e d e t a i l s e n t e r e d are 
c o r r e c t and t h e y may be r e - e n t e r e d i f t h e y are n o t . N u l l 
e n t r i e s are a c c e p t a b l e i f one or more pieces o f i n f o r m a t i o n 
are n o t a v a i l a b l e . I n t h e p r e s e n t o b s e r v a t i o n s , f o r example, 
p r e c i s e ages o f t h e animals were not a v a i l a b l e a t t h e time 
o f o b s e r v a t i o n , so t h i s e n t r y was u s u a l l y l e f t b l a n k . The 
s u b j e c t d e t a i l s form p a r t o f t h e header t o the data f i l e 
c r e a t e d f o r each o b s e r v i n g s e s s i o n . Blank l i n e s may, i f 
d e s i r e d be f i l l e d s u b s e q u e n t l y u s i n g a t e x t e d i t o r o r by 
manually amending a h a r d copy. 
(2) S t a r t Observing Run 

S e l e c t i o n o f t h i s o p t i o n invokes t h e o b s e r v a t i o n 
d i s p l a y which p r o v i d e s feedback and i n f o r m a t i o n d u r i n g t h e 
o b s e r v i n g s e s s i o n . S u b j e c t d e t a i l s are d i s p l a y e d and the 
user i s prompted t o press t h e space key t o b e g i n t he session 
when ready. The user t h e n p l a c e s h i s hands over t h e keys, 
and when p o s i t i v e i d e n t i f i c a t i o n o f t h e s u b j e c t i s made he 
may commence o b s e r v i n g . When t h e space key i s pressed t h e 
s e s s i o n s t a r t t i m e i s i n d i c a t e d on t h e screen. A reminder 
a l s o appears t h a t t h e s e s s i o n may be t e r m i n a t e d by p r e s s i n g 
"6". The observer c o n t i n u e s w i t h t h e session, p r e s s i n g 
marked keys every t i m e t h e v a r i o u s behaviours o f i n t e r e s t 
are seen. Every t i m e a key i s pressed t he behaviour i t 
r e p r e s e n t s i s i n d i c a t e d on screen a l o n g w i t h t h e s e s s i o n -
e l a p s e d t i m e . E r r o r - t r a p p i n g may occur i n two ways. Where 
the user presses a key t h a t has no f u n c t i o n f o r t h e program 
t h i s i s i n d i c a t e d on screen. I t would have been p e r f e c t l y 
p o s s i b l e f o r t h e program t o have s i m p l y i g n o r e d such i n p u t s , 
b u t i t was f e l t t h a t t h i s might have l e d t o repeated wrong 
i n p u t s a t t i m e s o f i n t e n s e a c t i v i t y , and a r e s u l t a n t l o s s o f 
d a t a . An a u d i b l e w a r n i n g was co n s i d e r e d , but i t was thought 
t h a t t h i s might have s t a r t l e d t h e animals and thus 
i n f l u e n c e d t h e i r a c t i v i t y . The on-screen i n d i c a t i o n o f an 
i n v a l i d keypress was t h e r e f o r e something o f a compromise. 
Where t h e user presses a v a l i d key, but r e a l i s e s t h a t i t was 

51 



not t h e one which was i n t e n d e d , he can press "0" t o t a g the 
e r r o r f o r l a t e r c o r r e c t i o n . Once ag a i n t h e program c o n f i r m s 
t h a t t h i s a c t i o n has been t a k e n . When t h e session i s 
complete, t h e user t e r m i n a t e s i t by p r e s s i n g "6" as prompted 
on screen. I t would have been p o s s i b l e f o r t h e program t o 
have c o n t r o l o f s e s s i o n t e r m i n a t i o n a f t e r a p r e s e t i n t e r v a l . 
However t h i s r e s p o n s i b i l i t y was l e f t t o t h e user, who may 
wish, f o r v a r i o u s reasons, t o abandon, s h o r t e n or extend t h e 
s e s s i o n . Once t h e s e s s i o n has been t e r m i n a t e d t h e program 
d i s p l a y s i n f o r m a t i o n about t h e d u r a t i o n , number of a c t i o n s 
and number o f e r r o r s recorded. The user i s the n i n v i t e d t o 
r e t u r n t o t h e menu. 
(3) View and Co r r e c t E r r o r s . 

I f an o b s e r v i n g s e s s i o n c o n t a i n s d e t e c t a b l e e r r o r s , 
t h i s has been i n d i c a t e d a t t h e end of t h e ses s i o n . I f no 
e r r o r s were n o t e d t h e user can i g n o r e t h i s stage and proceed 
d i r e c t l y t o t h e next menu i t e m . This r o u t i n e makes use o f 
s t r a i g h t f o r w a r d on-screen prompts t o a l l o w t h e user t o view 
t h e d a t a and c o r r e c t known e r r o r s . U ser-detected e r r o r s , 
tagged by t h e program occured r a t h e r i n f r e q u e n t l y . Most 
sessions c o n t a i n e d none a t a l l . When th e y d i d occur, t h e y 
were u s u a l l y n o t more tha n one or two t o a session so the 
user c o u l d rescue t h e s i t u a t i o n from memory i n most cases. 
Program-detected e r r o r s ( i . e . i n v a l i d keypresses) were a l s o 
i n f r e q u e n t and g e n e r a l l y i s o l a t e d due t o the e f f e c t i v e n e s s 
o f t h e on-screen feedback. I n most cases i t was p o s s i b l e t o 
be q u i t e c e r t a i n what t h e e n t r y ought t o have been by 
r e f e r e n c e t o t h e c o n t e x t i n which t h e e r r o r o c c u r r e d and 
a l s o by l o o k i n g a t which a c t i o n s were r e p r e s e n t e d by keys 
a d j a c e n t t o t h e m i s t a k e n l y pressed one. Where reasonable 
doubt e x i s t e d as t o which a c t i o n s h o u l d have been recorded, 
these e r r o r s were l e f t u n c o r r e c t e d and were thus meaningless 
i n t h e a n a l y s i s , r a t h e r t h a n m i s l e a d i n g . When e r r o r 
c o r r e c t i o n i s complete, t h e user i s prompted t o r e t u r n t o 
th e menu. 
(4) Send Data F i l e t o Hard Disk. 

When an o b s e r v i n g s e s s i o n has been completed and 
rende r e d e r r o r - f r e e as f a r as p o s s i b l e , t h e user s e l e c t s 
t h i s o p t i o n t o secure t h e i n f o r m a t i o n on t h e computer's 
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i n t e r n a l h a r d d i s k . When t h e o p t i o n i s invoked, s u b j e c t 
d e t a i l s and summary i n f o r m a t i o n about t h e session are 
d i s p l a y e d on t h e screen. The user i s i n v i t e d t o assig n a 
f i l e n a m e t o t h e s e s s i o n . A s t a n d a r d f i l e n a m e p r o t o c o l was 
d e v i s e d which encoded t h e s u b j e c t number, species and date. 
T h i s p r o t o c o l i s d i s p l a y e d as a prompt t o t h e user. The 
program might have been a l l o w e d t o a s s i g n t h e fi l e n a m e by 
i t s e l f , u s i n g t h e s t a n d a r d p r o t o c o l , from s u b j e c t 
i n f o r m a t i o n a l r e a d y e n t e r e d . However, si n c e some f l e x i b i l i t y 
had been a l l o w e d t o t h e user i n t h e e n t e r i n g o f s u b j e c t 
d e t a i l s , t h i s might have r e s u l t e d i n t h e program a t t e m p t i n g 
t o c r e a t e D O S - i l l e g a l o r non-unique f i l e n a m e s . T h e r e f o r e 
t h i s r e s p o n s i b i l i t y was l e f t t o t h e user. When t h e fi l e n a m e 
i s e n t e r e d and t h e data f i l e c r e a t e d , t h i s i s co n f i r m e d t o 
t h e user who i s prompted t o press a key t o r e t u r n t o t h e 
menu. 
(0) Return t o DOS. 

This menu o p t i o n causes e x e c u t i o n o f t h e program t o 
st o p and r e t u r n s t h e user t o t h e DOS environment. Before 
t h i s can happen t h e user i s r e q u i r e d t o c o n f i r m t h a t t h i s i s 
d e s i r e d . 

Keyboard Layout. 
The l a y o u t o f keys f o r data r e c o r d i n g was designed t o 

min i m i s e t h e amount o f t i m e spent l o o k i n g down a t the 
keyboard. The se t s o f f u n c t i o n s d u p l i c a t e d e i t h e r s i d e t o 
i n d i c a t e l a t e r a l i t y o f an a c t i o n were l a i d out as m i r r o r 
images o f each o t h e r , as f a r as t h e topography o f the 
keyboard would a l l o w . Thus t h e same f i n g e r on e i t h e r hand 
may be used f o r a g i v e n a c t i o n . Side-independent f u n c t i o n s 
were p r e s e n t e d i n t h e middle o f t h e keyboard. The "END" 
f u n c t i o n was p o s i t i o n e d w e l l away from o t h e r s t o reduce t he 
l i k e l i h o o d o f b e i n g pressed i n a d v e r t e n t l y . The keys were 
marked w i t h s m a l l p r i n t e d l a b e l s a f f i x e d w i t h c l e a r adhesive 
t a p e . T h i s arrangement was found t o be v e r y s a t i s f a c t o r y i n 
use and q u i t e easy t o memorise w i t h a l i t t l e p r a c t i c e . 
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Choice o f Programming Language. 
For a l l p r a c t i c a l purposes, choice o f language was 

r e s t r i c t e d t o BASIC o r Pascal, s i n c e these were the two w i t h 
w hich t h e a u t h o r was most f a m i l i a r . Both are h i g h l e v e l 
computer languages, r e l a t i v e l y easy t o l e a r n and w e l l 
s u p p o r t e d i n academic i n s t i t u t i o n s . Pascal was chosen ( i n 
t h i s case B o r l a n d Turbo Pascal, a p o p u l a r and p o w e r f u l 
i m p l e m e n t a t i o n f o r Personal Computers) f o r s e v e r a l reasons. 
Pascal employs a c o m p i l e r which c o n v e r t s t h e programmer's 
source code i n t o compact machine code which occupies l i t t l e 
memory and executes e x t r e m e l y q u i c k l y . Speed of e x e c u t i o n i s 
of c r i t i c a l importance when a c c u r a t e t i m i n g o f events i s 
r e q u i r e d . T iming accuracy i n t h i s i n s t a n c e was l i m i t e d by 
th e i n h e r e n t i n n a c u r a c y o f th e system c l o c k , r a t h e r than t h e 
slowness o f t h e program, t o about +/- 0..1 seconds. Pascal 
has been w e l l developed as a v e h i c l e f o r t e a c h i n g 
programming s k i l l s . I t i s designed t o encourage 
p a r s i m o n i o u s , top-down programming. As a r e s u l t , Pascal 
source code tends t o be s h o r t e r and more comprehensible than 
comparable BASIC, which f a c i l i t a t e s t h e process o f 
r e f i n e m e n t and debugging. 

The Program. 
The HANDY.EXE f i l e i s a p p r o x i m a t e l y 18 K i l o b y t e s l o n g 

and t y p i c a l l y generates data f i l e s o f between 1 and 3 
K i l o b y t e s from each t w e n t y minute o b s e r v i n g session. Thus 
th e program imposes o n l y modest demands upon memory and d i s k 
s t o r a g e . HANDY uses t h e system CRT devi c e t o c o n t r o l screen 
o u t p u t and o b t a i n s t i m i n g i n f o r m a t i o n by accessing t h e DOS 
system c l o c k . Since t h e program i s q u i t e s h o r t , f o r ease o f 
programming and comprehension o f t h e l i s t i n g , a l l program 
parameters are g l o b a l . 
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Program L i s t i n g 

PROGRAM handy ( i n p u t , o u t p u t ) ; 
USES C r t , Dos; 
LABEL 1, 2; 
TYPE ti m e s = a r r a y [1..1000] o f r e a l ; 

keys = a r r a y [1..1000] o f char; 
VAR c h i c h a r ; 

s t a r t t i m e , nowtime, el a p s e d : r e a l ; 
n, l i n e , changeno, count, e r r o r s , events : i n t e g e r ; 
s u b j e c t , s p e c i e s , age, sex, a c t i v i t y , f i l e n a m e : s t r i n g ; 
y, m, d, dow, 
hr , min, sec, hund : word; 
c l o c k : t i m e s ; 
a c t i o n : keys; 
f : t e x t ; 

* } 
PROCEDURE d e t a i l s ; 
BEGIN 

c l r s c r ; 
gotoXY ( 1 8 , 3 ) ; w r i t e 
('*** E n t e r S u b j e c t D e t a i l s * * * ' ) ; 
gotoXY ( 2 2 , 6 ) ; w r i t e 
('Subject Number : ' ) ; r e a d l n ( s u b j e c t ) ; 
gotoXY ( 2 2 , 9 ) ; w r i t e 
('Species : ' ) ; r e a d l n ( s p e c i e s ) ; 
gotoXY (22,12); w r i t e 
('Age (Yrs,Mths) : ' ) ; r e a d l n (age); 
gotoXY (22,15); w r i t e 
('Sex (M/F) : ' ) ; r e a d l n ( s e x ) ; 
gotoXY (18,21); w r i t e 
('*** A l l c o r r e c t ? (Y/N) * * * ' ) ; 
w h i l e ch <> 'y' do 
b e g i n 

ch := readkey; 
i f ch = 'n' t h e n 

d e t a i l s ; 
end; 

END; { D e t a i l s } 
PROCEDURE g e t a c t ; 
b e g i n 

case a c t i o n [ n ] o f 
•P' : a c t i v i t y : = 'R-Pick 
' 1 ' • a c t i v i t y : = 'R-Drop 
1 1 

r a c t i v i t y ; = 'R-Turn 
'o' a c t i v i t y = 'R-Rake 
'k' a c t i v i t y = 'R-Probe 
'm' a c t i v i t y - 'R-Manip 
' i ' a c t i v i t y = 'R-SelfG 
' j ' a c t i v i t y 'R-Grip 
•q- a c t i v i t y = 'L-Pick 
'a' a c t i v i t y = 'L-Drop 
'z ' a c t i v i t y = 'L-Turn 
'w' a c t i v i t y = 'L-Rake 
's' a c t i v i t y = 'L-Probe 
'x' : a c t i v i t y 'L-Manip 
'e' : a c t i v i t y = 'L-SelfG 
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'd' : a c t i v i t y := 'L-Grip ' 
: a c t i v i t y := 'Mouth ' 

'b' : a c t i v i t y := 'Swap ' 
:= 'Release' 'g' : a c t i v i t y 
:= 'Swap ' 
:= 'Release' 

' f ' : a c t i v i t y := 'Unseen ' 
•h' : a c t i v i t y := 'Seen ' 
'0' : a c t i v i t y := 'ERROR! ' 
e l s e 

a c t i v i t y := 'INVALID'; 
end; 

•,d, '/•,m, '/',y) ; 
', s u b j e c t ) ; 
' , species) ; 
•, age) ; 
',s e x ) ; 

Session' ) ; 

end; { g e t a c t } 
j * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
PROCEDURE observe; 
BEGIN 

c l r s c r ; 
f o r count := 1 t o 1000 do 
b e g i n 

c l o c k [ c o u n t ] := 0; 
a c t i o n [ c o u n t ] := '#'; 

end; 
count := 1; 
g e t d a t e (y,m,d,dow); 
gotoXY ( 2 5 , 3 ) ; w r i t e 
(.*** OBSERVATION * * * ' ) ; 
gotoXY ( 1 , 6 ) ; w r i t e l n 
('Date : 
w r i t e l n ('Subject Number 
w r i t e l n ('Species 
w r i t e l n ('Age 
w r i t e l n ('Sex 
gotoXY (4 0 , 6 ) ; w r i t e 
('Press Space Key t o S t a r t 

r e p e a t 
ch := readkey; 

u n t i l 
ch = ' '; 

g e t t i m e (hr,min,sec,hund); 
s t a r t t i m e := (hr*3600) + (min*60) + sec + (hund/100); 
gotoXY(35,6); w r i t e 
('Press "6" t o Abor t Session "0" t o Mark E r r o r ' ) ; 
gotoXY(40,9); w r i t e 
('Session S t a r t e d a t ',hr,':',min, 
gotoXY(19,12); w r i t e 
('*** Last A c t i o n Recorded * * * ' ) ; 
g otoXY(19,14); w r i t e 
('Time L e f t Centre R i g h t ' ) ; 
w h i l e ch <> '6' do 
Begin 

ch := readkey; 
g e t t i m e (hr,min,sec,hund); 
nowtime := (hr*3600) + (min*60) + sec + 

(hund/100); 
e l a p s e d := nowtime - s t a r t t i m e ; 
i f ch <> '6' th e n 
b e g i n 

c l o c k [ c o u n t ] := elapsed; 
a c t i o n [count] := ch; 

end; 
gotoXY(16,16); w r i t e ( e l a p s e d : 7 : 2 ) ; 

sec, ' . ',hund); 
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case ch o f 
•p' : w r i t e (' Pi c k 
' 1 ' : w r i t e (' Drop 
1 1 : w r i t e (' Turn 
'o' : w r i t e (' Rake 
'k' : w r i t e (' Probe 
'm' : w r i t e (' Manip 
' i ' : w r i t e (' S e l f G 
' j ' : w r i t e (' G r i p 
'q' : w r i t e (' P i c k 
'a' w r i t e (' Drop 
' z ' w r i t e (' Turn 
•w' w r i t e (' Rake 
' s ' w r i t e (' Probe 
'x' w r i t e (' Manip 
'e ' w r i t e (' S e l f G 
'd' . w r i t e (' G r i p 
1 1 w r i t e (' Mouth 
'b' : w r i t e (' Swap 
'g' : w r i t e (' Release 
' f ' : w p i t e (' Subject Not V i s i b l e 
'h' : w r i t e (' Subject V i s i b l e 
• 0 ' : w r i t e (' E r r o r Noted i n Last E n t r y 
'6' : w r i t e (' SESSION ENDED 
e l s e 

w r i t e (' I n v a l i d c h a r a c t e r "',ch,'" 
end; 

' ) ; 
count := count + 1; 

end; 
count := count -2; 
g e t t i m e (hr,min,sec,hund); 
nowtime := (hr*3600) + (min*60) + sec + (hund/100); 
e l a p s e d := nowtime - s t a r t t i m e ; 
events := 0; e r r o r s := 0; 
f o r n := 1 t o count do 
b e g i n 

case a c t i o n [ n ] o f 
•p','l',',','o','k','m','q','a','z','w','s','x',' 
' , ' b ' , ' e ' , ' i ' , ' j ' , ' d ' , ' g ' , ' f ' , ' h ' : events := 

events + 1; 
'0' : e r r o r s := e r r o r s + 1; 
end; 

end; 
gotoXY(10,19); w r i t e 

( I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I ) . 

gotoXY(10,20); w r i t e 
(' Session Ended a f t e r ',elapsed:7:2,' Seconds'); 

gotoXY(10,22); 
w r i t e (' A c t i o n s = ',events,', E r r o r s = ' , e r r o r s , ' , 
I n v a l i d keypresses = ' , c o u n t - e v e n t s - e r r o r s , ' ' ) ; 

gotoXY(10,23); w r i t e 
('******************************************************* ') • 

gotoXY(20,24); w r i t e ('Press "SPACE" t o Return t o 
MENU'); 

repe a t 
ch := readkey 

u n t i l ch = ' '; 
end; 
1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 
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PROCEDURE c o r r e c t ; 
BEGIN 

c l r s c r ; 
gotoXY(20,3); w r i t e l n 
(.* * * VIEW and CORRECT ERRORS * * * • ) ; 
w r i t e l n 

(• 
• ) ; 

w r i t e l n ; 
w r i t e l n ('* Sub j e c t I n f o 
w r i t e l n ; 
w r i t e l n ('Subject Number 
w r i t e l n ( 'Species 
w r i t e l n ('Age (yrs/mths) 
w r i t e l n ('Sex 
gotoXY(55,6) 

) ; 

gotoXY(55,8) 
gotoXY(55,9) 
gotoXY(55,10) ; 
gotoXY(55,11); 
( ' I n v a l i d Keys 
w r i t e l n 

' , s u b j e c t ) ; 
' , s p e c i e s ) ; 
',age); 
' , s e x ) ; 

w r i t e ('* Session I n f o * ' ) ; 
w r i t e (elapsed:7:2,' Seconds D u r a t i o n ' ) ; 
w r i t e ('Actions : ' , e v e n t s ) ; 
w r i t e ('Errors : ' , e r r o r s ) ; 
w r i t e l n 

: ', c o u n t - e v e n t s - e r r o r s ) ; 

(' 

Key' 

n := 1; l i n e 
gotoXY(1,13); 

:= 1; changeno := 1; 
w r i t e ('Event Time 

gotoXY(1,14); 
w h i l e n <= count do 

be g i n 
g e t a c t ; 

A c t i o n 

w r i t e l n (n:4,' 
' , a c t i v i t y : 7 , ' 
n j = n+1; l i n e : = 
i f (n>count) and 
repe a t 

w r i t e l n 

' , c l o c k [ n ] : 7 : 
' , a c t i o n [ n ] ) ; 
' l i n e +1; 
( l i n e < l l ) t hen 

2, 

+ 1; 

(n>count) then 

; w r i t e 

l i n e := l i n e 
u n t i l l i n e = 11; 
i f ( l i n e = 11) or 
be g i n 

l i n e := 1; 
gotoXY (45,13) 

('* Changes? (Y/N) 
ch := readkey; 
i f ch = 'y' t h e n 
b e g i n 

gotoXY(45,15); w r i t e 
('ENTER "0" when f i n i s h e d ' ) 
repeat 
gotoXY (72,17); w r i t e (' 
gotoXY (72,19); w r i t e (' 
gotoXY (45,17); w r i t e 
('ENTER EVENT No TO CHANGE 
r e a d l n (changeno); 
gotoXY (45,19); w r i t e 
('ENTER CORRECT ACTION 
r e a d l n ( c h ) ; 

) ; 
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i f changeno <> 0 th e n 
a c t i o n [ c h a n g e n o ] := ch; 
u n t i l changeno = 0; 

end; 
gotoXY(1,14); 

end; 
end; 

END; 
I ********************************************************** J 
PROCEDURE d i s k o p s ; 
BEGIN 

c l r s c r ; 
gotoXY(35,3); w r i t e (•*** DISK OPERATIONS * * * ' ) ; 
g o toXY(1,6); w r i t e ('* Session I n f o * ' ) ; 
w r i t e l n ; w r i t e l n ('Date 
w r i t e l n ('Subject No 
w r i t e l n ('Species 
w r i t e l n ('Age (yrs,mths) 
w r i t e l n ('Sex 
w r i t e l n (' 

,d, '/',m, '/',y) ; 
, s u b j e c t ) ; 
,species) ; 
, age) ; 
, sex) ; 

w r i t e l n (elapsed:7:2,' Seconds D u r a t i o n ' ) ; 
w r i t e l n ( c o u n t , ' Data P o i n t s Recorded'); 
w r i t e l n ( 
w r i t e l n ( 
w r i t e l n ( 
w r i t e l n ( 
w r i t e l n ( 
w r i t e l n ( 

• ) ; 
*** Filename P r o t o c o l * * * ' ) ; 

"h" SubNo Genus Species D a t e ' ) ; 
e.g. " h l l s o 3 1 " ' ) ; 

' ) ; 
'ENTER FILENAME'); r e a d l n ( f i l e n a m e ) ; 

a s s i g n ( f , f i l e n a m e ) ; 
r e w r i t e ( f ) ; 
w r i t e l n 
( f , HANDY DATA FILE *** (Filename : ' , f i l e n a m e , ' ) ' ) ; 
w r i t e l n ( f ) ; 
w r i t e l n ( f , ' D a t e 
w r i t e l n ( f , ' S u b j e c t No 
w r i t e l n ( f , ' S p e c i e s 
w r i t e l n (f,'Age (yrs,mths) 
w r i t e l n (f,'Sex 
w r i t e l n ( f , ' 

,d, '/',m, ' / ' , y ) ; 
, s u b j e c t ) ; 
, species) ; 
, age) ; 
, sex) ; 

') ; 
w r i t e l n (f,'Time Elapsed A c t i o n ' ) ; 
w r i t e l n ( f ) ; 
f o r n := 1 t o count do 
b e g i n 

g e t a c t ; 
w r i t e l n ( f , c l o c k [n] : 7 : 2, ' 

end; 
w r i t e l n ( f , ' 

' , a c t i v i t y ) ; 

w r i t e l n ( f , e l a p s e d : 7 : 2 , ' Seconds D u r a t i o n ' ) ; 
w r i t e l n ( f , c o u n t , ' Data P o i n t s Recorded'); 
w r i t e l n ( f , ' ' ) ; 
c l o s e ( f ) ; 
gotoXY(1,21); 
w r i t e l n 
( 'OK! F i l e W r i t t e n , 
ch := 'q'; 
rep e a t 

ch := readkey; 
u n t i l ch = ' '; 

Press SPACE t o Return t o MENU'); 
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end; 
{ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * J 
BEGIN {HANDY - MAIN PROGRAM BLOCK.} 

c l r s c r ; 
gotoXY (19,12); 
w r i t e (•*** "HANDY" d a t a - l o g g i n g program * * * • ) ; gotoXY (30,15); 
gotoXY (25,20); 
gotoXY (80,25); 
r e p e a t 

ch:=readkey; 
u n t i l ch=' '; 
c l r s c r ; 

gotoXY ( 2 9 , 3 ) ; w r i t e 
( 2 2 , 6 ) ; w r i t e 
( 2 2 , 9 ) ; w r i t e 
(22,12); w r i t e 
(22,15) ; w r i t e 

w r i t e ('Jon Watts 1993'); 
w r i t e ('(Press SPACE key t o begin) ) ; 

gotoXY 
gotoXY 
gotoXY 
gotoXY 
(' (4) 
gotoXY 
gotoXY 
w h i l e ch <> 

b e g i n 

('* * * MENU * * * • ) ; 
('(1) E n t e r Subject D e t a i l s ' ) ; 
('(2) S t a r t Observing Run'); 
('(3) View and C o r r e c t E r r o r s ' ) ; 

Send Data F i l e t o Hard D i s k ' ) ; 
(22,18); w r i t e ('(0) Return t o DOS'); 
(80,25) ; 

•0' do 

ch := readkey; 
case ch o f 

d e t a i l s ; 
observe; 
c o r r e c t ; 
d i s k o p s ; 

1; 

' 1' 
'2' 
'3' 
'4' : 
end; 
goto 

end; 
gotoXY (20,25); 
w r i t e ('Are you sure you want t o Quit ? (Y/N)'); 
gotoXY (80,25); 
ch := readkey; 
i f ch <> 'y' t h e n 
goto 1; 
c l r s c r ; 
gotoXY (28,13) 
gotoXY (80,25) 
d e l a y (3000); 
c l r s c r ; 

w r i t e ('Have a n i c e d a y ! ! ' ) ; 

END. { HANDY - MAIN PROGRAM BLOCK} 

60 



s t r u c t u r e o f Data F i l e s , 

The HANDY program produces ASCII f i l e s i n t h e f o l l o w i n g 
f o r m a t : 

HANDY DATA FILE (Filename : h a l 2 s e l 9 ) 

Date 
S u b j e c t No 
Species 
Age (yrs,mths) 
Sex 

19/5/1993 
12 
S.Oedipus 
3,4 
f 

Time Elapsed A c t i o n 

4.18 R-SelfG 
6.87 L-SelfG 
9.12 R-SelfG 
9.51 R-SelfG 

10.05 R-SelfG 
10.66 L-SelfG 
14 .89 R-Pick 
18.68 Mouth 
20.55 R-Pick 
21.75 Mouth 
24 .50 L-Pick 
29.33 Swap 
31.26 Mouth 
33.29 L-Pick 
33.89 Swap 
34 .39 Mouth 
41.47 R-Grip 
49.55 L-Rake 
50.75 L-Rake 
51.25 R-Rake 
51.91 L-Rake 
52.51 Release 
53.56 L-Turn 
54.16 L-Turn 
55.20 R-Pick 
56.14 Swap 
56.69 L-Turn 
57 .18 Mouth 
57.79 Mouth 
58.17 R-Drop 
58 . 66 L-Pick 
65.20 L - t u r n 
68.88 L-Manip 
70.03 Mouth 
71.57 Mouth 
73.66 Mouth 
74 .21 Swap 
75.20 Mouth 

78.44 Seconds D u r a t i o n 
38 Data P o i n t s Recorded 
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