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CHAPTER 7 

NEPOTISM I N THE RAT 

The major p r o p o s a l of k i n s e l e c t i o n t h e o r y i s t h a t 

r e l a t e d i n d i v i d u a l s , b e c a u s e t h e y s h a r e genes i n common, 

would be e x p e c t e d t o r e s p o n d d i f f e r e n t i a l l y t o k i n and 

n o n - k i n t o maximise t h e i r i n c l u s i v e f i t n e s s ( s e e Chp. 1 ) . 

The t h e o r y a l t h o u g h o r i g i n a l l y a p p l i e d t o e x p l a i n t h e 

e v o l u t i o n of a l t r u i s m ( e . g . , H a m i l t o n , 1964a,b) c a n a l s o 

be a p p l i e d t o c o - o p e r a t i v e b e h a v i o u r , where k i n c a n 

i n c r e a s e t h e i r i n c l u s i v e f i t n e s s by p r e f e r e n t i a l l y 

r e s p o n d i n g t o k i n over n o n - k i n (Harvey e t a l . , 1 9 8 0 ) . I n 

th e f o l l o w i n g c h a p t e r s t h e b e h a v i o u r of s i b l i n g r a t s i s 

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

s i b s and n o n - s i b s i n t h e i r h u d d l i n g , p l a y and ma t i n g 

b e h a v i o u r . 

C o - o p e r a t i v e b e h a v i o u r s h o u l d be e s p e c i a l l y p r o m i n e n t 

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

( A l e x a n d e r , 1 9 7 4 ) . By c o - o p e r a t i n g w i t h s i b l i n g s 

i n d i v i d u a l s have been shown t o i n c r e a s e t h e i r c h a n c e s of 

mat i n g and k e e p i n g t h e i r mate, f o r example, l i o n s , 

P a n t h e r a l e o , B y g o t t e t a l . , ( 1 9 7 9 ) ; T a s m a n i a n n a t i v e 

h e n s , T r i b o n y x m o r t i e r i i , Maynard-Smith and R i d p a t h , 

( 1 9 7 2 ) . P r e f e r e n t i a l r e s p o n d i n g t o s i b l i n g s has been 

found i n h u d d l i n g , f o r example, s p i n y m i c e , Acomys 

c a h i r n u s , P o r t e r e t a l . , ( 1 9 7 8 ) , and i n p l a y , f o r example, 

common marmosets, C a l l i t h r i x j a c c h u s ERXL 1777, V o l a n d 

( 1 9 7 7 ) ; baboons, P a p i o a n u b i s , Owens, 1975. 
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I n t h e r a t , s u p r i s i n g l y p e r h a p s c o n s i d e r i n g i t s 

e x t e n s i v e use by r e s e a r c h e r s , t h e r e have been few s t u d i e s 

c o n s i d e r i n g whether i n d i v i d u a l s a c t n e p o t i s t i c a l l y . E a r l y 

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

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

l e a r n i n g t a s k . T s a i (1950) t r a i n e d p a i r s o f r a t s t o p r e s s 

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

food and found r a t s were c a p a b l e of t h i s . I n a d i f f e r e n t 

t a s k , D a n i e l (1942,1943) used a s i t u a t i o n i n w h i c h t h e r e 

was food i n t h e m i d d l e of an e l e c t r i f i e d f l o o r , w i t h a 

p l a t f o r m out of r e a c h o f t h e food on w h i c h a r a t had t o 

s i t i n o r d e r t o t u r n o f f t h e s h o c k . The i d e a was t h a t 

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

food w i t h o u t r e c e i v i n g s h o c k . D a n i e l found t h a t r a t s 

a l t e r n a t e d between t h e p l a t f o r m and food t r a y , s o t h a t 

both were a d e q u a t e l y f e d and a v o i d e d a s much shock a s 

p o s s i b l e . Whether t h e s e t a s k s c a n be c o n s i d e r e d a s t r u e 

c o - o p e r a t i o n or a c o m p l i c a t e d l e a r n i n g t a s k r e q u i r i n g 

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

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

t h e s u b j e c t s i s not g i v e n . A s t u d y of " a l t r u i s m " i n t h e 

r a t by R i c e and G a i n e r (1962) d e m o n s t r a t e d t h a t r a t s would 

l o w e r a d i s t r e s s e d suspended r a t t o t h e f l o o r , but i n a 

c r i t i c i s m of t h i s s t u d y L a v e r y and F o l e y (1963) s u g g e s t e d 

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

b e h a v i o u r . 

O t h e r e x a m p l e s of a l t r u i s t i c o r c o - o p e r a t i v e 

b e h a v i o u r may p o s s i b l y come from o b s e r v a t i o n s of t h e r a t s ' 
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b e h a v i o u r . Mothers w i l l d e f e n d t h e i r young a g a i n s t 

p r e d a t o r s or o t h e r i n d i v i d u a l s o f t h e c o l o n y who come t o o 

c l o s e ( S v a r e , 1981) and t h i s may be an i n s t a n c e of 

a l t r u i s t i c b e h a v i o u r . Another p o s s i b l e b e h a v i o u r w h i c h 

may be termed a l t r u i s t i c i s t h e a t t a c k i n g o f u n f a m i l i a r 

m a l e s by t h e dominant m a l e s o f an e s t a b l i s h e d c o l o n y 

( B a r n e t t , 1975; C a l h o u n , 1962; L o r e and F l a n n e l l y , 

1 9 7 7 ) . Dominant m a l e s of t h e c o l o n y r i s k i n j u r y d u r i n g 

t h e a t t a c k , but t h e b e n e f i t s g a i n e d by k e e p i n g away a l i e n 

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

p r o t e c t i o n of young a l r e a d y s i r e d , may o u t w e i g h any 

p o s s i b l e c o s t s . 

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

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

d i f f e r e n t i a l l y t o s i b s and n o n - s i b s . C h a p t e r 3 

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

e i t h e r a s o c i a l l y o r g e n e t i c a l l y m e d i a t e d mechanism and 

t h e e f f e c t s o f a c q u i r i n g s i b l i n g r e c o g n i t i o n by t h e s e 

mechanisms on p a r t n e r p r e f e r e n c e i s a l s o a s s e s s e d . 
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CHAPTER 8 

HUDDLING PARTNER PREFERENCES 

IN THE RAT 

8.1 
INTRODUCTION 

One of t h e most p r o m i n e n t b e h a v i o u r s o f t h e r a t i s 

t h a t termed h u d d l i n g , w h i c h l a b o r a t o r y r a t s and w i l d r a t s 

engage i n t h r o u g h o u t t h e i r l i f e ( B a r n e t t , 1975; C a l h o u n , 

1962) . Hu d d l i n g c a n be d e f i n e d a s a b e h a v i o u r w h i c h l e a d s 

t o t h e f o r m a t i o n and m a i n t e n a n c e of clumps of r a t s , both 

young and a d u l t s . The p r e c o c i a l i t y o f r a t s t o engage i n 

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

" c o n t a c t " s p e c i e s ( B a r n e t t , 1 9 7 5 ) . 

8.2 
THE FUNCTION OF HUDDLING BEHAVIOUR 

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

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

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

t e m p e r a t u r e s ( A l b e r t s , 1 9 7 8 a ) . I n f a n t r a t s p roduce l e s s 

h e a t ( T a y l o r , 1960) and l o s e i t more q u i c k l y due t o l a c k 

of i n s u l a t i v e f u r and s u b c u t a n e o u s f a t and l a c k of c o n t r o l 

o v e r t h e i r v a s c u l a r f l o w ( H u l l , 1 9 7 2 ) . Low body 

t e m p e r a t u r e d e p r e s s e s t h e growth r a t e of young pups 

( B a r n e t t and Mount, 1971) and i t i s t h e r e f o r e i m p o r t a n t 

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

i n t e r n a l l y t o m a i n t a i n i t b e h a v i o u r a l l y by h u d d l i n g . T r u e 

t e m p e r a t u r e i n d e p e n d e n c e does n o t o c c u r u n t i l day 7 3 



PAGE 5 

(Adolph, 1 9 5 7 ) , a l t h o u g h by day 15 t h e pups a r e a b l e t o 

m a i n t a i n a r e l a t i v e l y c o n s t a n t body t e m p e r a t u r e o v e r a 

wide range of t e m p e r a t u r e s ( L y t l e and K e i l , 1 9 7 4 ) . 

E x p e r i m e n t s by A l b e r t s (1978a) have d e m o n s t r a t e d t h a t 

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

t e m p e r a t u r e of pups: i t a t t e n u a t e s h e a t l o s s , e v e n i n 

n e o n a t e s 5 days o l d and p r o v i d e s an e f f i c i e n t means of 

r e d u c i n g m e t a b o l i c r a t e ( a s measured by oxygen 

c o n s u m p t i o n ) . T h e s e b e n e f i t s a r e d e r i v e d from t h e f a c t 

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

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

However, even when a d u l t and f u l l y h o m o i o t h e r m i c , 

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

warmest o f t e m p e r a t u r e s t h a t t h e y may be p e r s u a d e d t o s t o p 

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

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

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

s t u d y on t h e " P s y c h i c Development of t h e R a t " ( 1 8 9 9 ) , 

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

a s k whether t h e s e h u d d l i n g movements a r e not t h e f i r s t 

e x p r e s s i o n of t h e s o c i a l i n s t i n c t " ( p . 8 5 ) . O t h e r 

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

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

t h e r m o r e g u l a t i o n ( e . g . , B a r n e t t , 1975; T e l l e , 1 9 6 6 ) . One 

s u c h f u n c t i o n may be t o p r o v i d e " c o n t a c t c o m f o r t " . Harlow 

i n a s e r i e s of s t u d i e s on t h e development of t h e a f f e c t i o n 

s y s t e m i n r h e s u s monkeys, Macaca m u l a t t a , 

( 1 9 5 8 , 1 9 5 9 , 1 9 6 2 ) , examined t h e i m p o r t a n c e o f c e r t a i n 



PAGE 6 

t a c t i l e c u e s f o r normal development and found t h a t t h e s e 

c u e s were p r e f e r r e d o v e r food (Harlow 1958) . From t h i s 

work he formed a c o n c e p t of " c o n t a c t c o m f o r t " a s an i n n a t e 

r e i n f o r c e r . A s i m i l a r f u n c t i o n may be s e r v e d by h u d d l i n g 

i n t h e r a t . The view t h a t h u d d l i n g s e r v e s more t h a n a 

t h e r m o r e g u l a t o r y f u n c t i o n i s echoed by A l b e r t s ( 1 9 7 8 b ) . 

I n v e s t i g a t i n g t h e s e n s o r y c o n t r o l of h u d d l i n g he c o n c l u d e s 

t h a t " t h e b r e a d t h of t h e s e n s o r y c o n t r o l s of h u d d l i n g no 

doubt e n s u r e s t h a t t h i s m u l t i d i m e n s i o n a l b e h a v i o u r w i l l be 

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

c o n t a c t f o r o n t o g e n e t i c e v e n t s o f immediate and f u t u r e 

s i g n i f i c a n c e t o t h e d e v e l o p i n g r a t " (p. 2 2 9 ) . Thus 

a l t h o u g h not s p e c i f i c a l l y known, i t i s assumed t h a t 

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

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

t h e r m o r e g u l a t i o n . 

8.3 
EXPERIMENT 8.1: 

HUDDLING PARTNER PREFERENCES 

IN THE RAT 

I n t h i s e x p e r i m e n t pups were t e s t e d f o r t h e i r 

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

a s h u d d l i n g p a r t n e r s . The e f f e c t s of a c q u i r i n g s i b l i n g 

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

m e d i a t e d mechanisms on h u d d l i n g p a r t n e r p r e f e r e n c e were 

a l s o a s s e s s e d . 
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Pups i n t h i s e x p e r i m e n t were examined a t 16 d a y s of 

age when some c o n t r o l of t h e r m o r e g u l a t i o n h a s been 

a c c o m p l i s h e d ( L y t l e and K e i l , 1974) but t h e f u l l a d u l t 

a b i l i t y has y e t t o be a c h i e v e d ( C o n k l i n and Heggeness, 

1 9 7 1 ) . Thus pups may d e r i v e some b e n e f i t s from h u d d l i n g 

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

t h r o u g h s o c i a l c o n t a c t . At t h i s age o l f a c t o r y s t i m u l i 

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

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

( B r u n j e s and A l b e r t s , 1 9 7 9 ) . P r e v i o u s e x p e r i m e n t s ( s e e 

Chp. 3) have d e m o n s t r a t e d t h a t pups a t t h i s age c a n 

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

o l f a c t o r y c u e s . Thus i t was h y p o t h e s i s e d tha'^ b e c a u s e o f 

th e b e n e f i t s w h i c h may be o b t a i n e d by h u d d l i n g , 

i n d i v i d u a l s would p r e f e r t o huddle w i t h t h e i r ' s i b l i n g s ' 

r a t h e r t h a n w i t h n o n - s i b l i n g s , t h e r e b y m a x i m i s i n g t h e i r 

i n c l u s i v e f i t n e s s . 

8.3.1 
S u b j e c t s 

F i f t e e n l i t t e r s of Sprague-Dawley r a t pups born t o 

f e m a l e s s u p p l i e d by B & K (Animal S u p p l i e r s ) L t d . , were 

u s e d . C a r e was t a k e n t o e n s u r e t h a t none of t h e p a r e n t s 

were r e l a t e d t o e a c h o t h e r (r = 0 . 0 ) . The f e m a l e s were time 

mated and a l l l i t t e r s b orn on t h e same day (termed day 0 ) . 

On day 2 a l l l i t t e r s were c u l l e d t o 7 pups and p l a c e d i n 

one o f 2 r e a r i n g c o n d i t i o n s . 

R e a r i n g C o n d i t i o n 1: 8 l i t t e r s were p l a c e d i n t h i s 
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c o n d i t i o n and a l l i n d i v i d u a l s r e m a i n e d i n t h e i r o r i g i n a l 

l i t t e r s f o r t h e d u r a t i o n of t h e e x p e r i m e n t . 

R e a r i n g C o n d i t i o n 2: 7 l i t t e r s were p l a c e d i n t h i s 

c o n d i t i o n . L i t t e r s were t h e n r e a r r a n g e d t o form 7 new 

l i t t e r s e a c h c o n t a i n i n g o n l y one member of e a c h o r i g i n a l 

l i t t e r . T h e s e l i t t e r s were t h e n l e f t f o r t h e d u r a t i o n o f 

t h e e x p e r i m e n t . 

T h e s e two r e a r i n g c o n d i t i o n s p roduced 3 e x p e r i m e n t a l 

c o n d i t i o n s . N a t u r a l s i b l i n g s from r e a r i n g c o n d i t i o n 1 

were pups both s o c i a l l y and g e n e t i c a l l y r e l a t e d ( S G ) . 

' S i b l i n g s ' o n l y s o c i a l l y r e l a t e d (SG) were o b t a i n e d from 

r e a r i n g c o n d i t i o n 2 as were s i b l i n g s o n l y g e n e t i c a l l y 

r e l a t e d ( S G ) . A c o n t r o l c o n d i t i o n was added of pups 

n e i t h e r s o c i a l l y nor g e n e t i c a l l y r e l a t e d (SG) o b t a i n e d 

from r e a r i n g c o n d i t i o n s 1 and 2. 

A l l pups were marked d a i l y w i t h a C a r i o c a b l a c k 

f e l t - t i p pen f o r i d e n t i f i c a t i o n from day 2 t o day 12, by 

w r i t i n g t h e a p p r o p r i a t e number on t h e r a t ' s back. From 

day 13 onwards a l l r a t s were marked w i t h a l c o h o l i c P i c r i c 

a c i d and t h e r e a f t e r when n e c e s s a r y . R a t pups were housed 

i n p l a s t i c Bowman's c a g e s ( 1 6 M x l 2 , l x 7 " ) w i t h food and w a t e r 

f r e e l y a v a i l a b l e . Pups were kep t on a 12 hour l i g h t / d a r k 

c y c l e , d a r k n e s s commencing a t 1200 h o u r s . 
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8.3.2 
P r o c e d u r e 

Pups were t e s t e d i n groups of 4, ' q u a r t e t s ' . E a c h 

q u a r t e t was composed o f 2 t e s t a n i m a l s ; r e l a t e d by one o f 

t h e t h r e e e x p e r i m e n t a l c o n d i t i o n s SG, SG, SG or t h e 

c o n t r o l c o n d i t i o n SG, and 2 c o n t r o l s , w h i c h were u n r e l a t e d 

(SG) both t o e a c h o t h e r and t o t h e 2 t e s t a n i m a l s . S i x 

q u a r t e t s were used i n e a c h c o n d i t i o n , e a c h i n d i v i d u a l 

b e i n g used o n l y o n c e . 

A l l r a t s were t e s t e d on day 16. They were t a k e n t o 

t h e t e s t i n g room a t l e a s t 1 hour b e f o r e t e s t i n g , t o a l l o w 

h a b i t u a t i o n t o the room. T e s t s were c a r r i e d o u t under r e d 

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

l i v e d , w i t h the e x c e p t i o n of t h e w i r e top w h i c h was 

r e p l a c e d by one o f c l e a r p e r s p e x . C l e a n s h a v i n g s were 

p l a c e d i n the cage f o r e a c h t e s t , a l l t e s t s were p e r f o r m e d 

between 1300 and 1600 h o u r s . 

The f o u r a n i m a l s were i n t r o d u c e d s i m u l t a _ n e o u s l y t o 

t h e t e s t c a g e , p l a c e d e q u i d i s t a n t l y a p a r t and l e f t f o r 15 

m i n u t e s . The pups b e h a v i o u r was r e c o r d e d on v i d e o u s i n g 

N a t i o n a l P a n a s o n i c time l a p s e V.T.R. (NV 8030) and 

N a t i o n a l P a n a s o n i c Camera, f o r l a t e r a n a l y s i s . A l l r a t s 

were marked w i t h R e e v e s b l a c k i n d i a n i n k t o e n a b l e 

i d e n t i f i c a t i o n on t h e v i d e o t a p e . 
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8.3.3 
A n a l y s i s 

A time s a m p l i n g method was used t o a n a l y s e t h e 

b e h a v i o u r . The v i d e o t a p e was r e p l a y e d and s t o p p e d e v e r y 

15 s e c o n d s t o r e c o r d f o r e a c h q u a r t e t w h i c h r a t s were i n 

c o n t a c t ( t o e n a b l e t h i s t h e 2 t e s t i n d i v i d u a l s were 

l a b e l l e d A and B and t h e 2 c o n t r o l i n d i v i d u a l s C and D f o r 

e a c h q u a r t e t ) . Two r a t s were r e c o r d e d a s b e i n g i n c o n t a c t 

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

w h i s k e r s , was t o u c h i n g . The number o f t i m e s i n c o n t a c t 

was used a s an i n d i c a t i o n o f h u d d l i n g b e h a v i o u r , t h e more 

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

h u d d l i n g p r e f e r e n c e f o r e a c h o t h e r . F o r e a c h q u a r t e t t h e 

number of t i m e s e a c h p a i r (AB,AC,AD,BC,BD,CD) was i n 

c o n t a c t f o r t h e d u r a t i o n of t h e e x p e r i m e n t was o b t a i n e d . 

An a n a l y s i s of v a r i a n c e ( s e e Wi n e r , 1962) was 

p e r f o r m e d on t h e number of t i m e s t h e t e s t p a i r was i n 

c o n t a c t i n the f o u r t e s t c o n d i t i o n s (SG, SG, SG, SG) . 

T h i s gave a 2 x 2 c o n t i n g e n c y t a b l e of s o c i a l r e l a t e d n e s s 

( S / S ) and g e n e t i c r e l a t e d n e s s (G/G) w h i c h was used t o 

a s s e s s t h e e f f e c t o f ' s o c i a l ' and ' g e n e t i c ' r e l a t e d n e s s on 

t h e amount of h u d d l i n g between ' s i b l i n g s ' . 

I t was h y p o t h e s i s e d t h a t t h e SG c o n d i t i o n would show 

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

t h a n SG or SG w h i c h would show e q u a l p r e f e r e n c e and 

showing t h e l o w e s t p r e f e r e n c e t h e SG o r c o n t r o l c o n d i t i o n . 

To examine t h i s a J o n c k h e e r e t r e n d t e s t was p e r f o r m e d ( s e e 
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L e a c h , 1979) on t h e number o f t i m e s t h e t e s t p a i r (AB) was 

i n c o n t a c t i n e a c h c o n d i t i o n . 

I n any q u a r t e t , i f no p r e f e r e n c e was shown t h e n one 

would e x p e c t a l l p a i r s (AB,AC,AD,BC,BD,CD) t o be i n 

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

showed a p r e f e r e n c e f o r e a c h o t h e r , AB would o c c u r more 

o f t e n t h a n t he o t h e r p a i r s . To examine t h i s a matched 

p a i r s t - t e s t was c a r r i e d o u t ( s e e Robson, 1 9 7 5 ) . The 

number of t i m e s t h e t e s t p a i r (AB) was i n c o n t a c t was 

compared w i t h t h e mean number of t i m e s e v e r y o t h e r p a i r i n 

t h a t q u a r t e t was i n c o n t a c t (termed E , t h e e x p e c t e d v a l u e , 

= t h e number of c o n t a c t s f o r AC+AD+BC+BD+CD / 5 ) . 

8.3.4 
R e s u l t s 

8.3.4.1 
A n a l y s i s o f V a r i a n c e 

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

(F=4.4579, d f = l , 2 0 , p = 0.0452), r a t s g e n e t i c a l l y r e l a t e d 

showing a g r e a t e r number o f c o n t a c t s t h a n t h o s e not 

g e n e t i c a l l y r e l a t e d (mean no. o f c o n t a c t s : G, 38.417; 

G, 3 1 . 4 1 7 ) . T h e r e was no s i g n i f i c a n t e f f e c t o f s o c i a l 

r e l a t e d n e s s on h u d d l i n g p a r t n e r p r e f e r e n c e s nor an 

i n t e r a c t i o n e f f e c t between s o c i a l and g e n e t i c r e l a t e d n e s s 

( s e e t a b l e 8 . 1 ) . The r e s u l t s from t h i s a n a l y s i s i n d i c a t e 

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

s i b l i n g s f o r e a c h o t h e r . 



PAGE 12 

TABLE 8.1 

The e f f e c t o f s o c i a l and g e n e t i c r e l a t e d n e s s on t h e 
h u d d l i n g p a r t n e r p r e f e r e n c e s of 16 day o l d r a t s . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DP SS MS F PROB 

SUBJ 23 1853.8333 

S 1 160.1667 160.1667 2. 4286 0.1315 
G 1 294.0000 294.0000 4. 4579 0.0452 
S x G 1 80.6667 80.6667 1. 2231 0.2817 

ERROR 20 1319.0000 65.9500 

WITHIN C E L L S 0 0.0 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
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8.3.4.2 
J o n c k h e e r e T r e n d T e s t 

To examine whether t h e r e was a t r e n d i n t h e 

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

J o n c k h e e r e t r e n d t e s t was p e r f o r m e d . F o r t h i s i t was 

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

be SG>SG>SG>SG, t h e o r d e r i n g of SG t h e n SG b e c a u s e of t h e 

s i g n i f i c a n t G e f f e c t found i n t h e ANOVA. The r e s u l t s 

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

(p=0.0286, 2 - t a i l e d , s e e f i g . 8 . 1 ) . The r e s u l t s o f t h e 

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

r e l a t e d n e s s combine t o produce a g r e a t e r p r e f e r e n c e t h a n 

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

pups o n l y g e n e t i c a l l y r e l a t e d show a g r e a t e r p r e f e r e n c e 

f o r e a c h o t h e r t h a n pups n o n - g e n e t i c a l l y r e l a t e d . I t 

s h o u l d a l s o be not e d t h a t t h e f a c t o r o f s o c i a l 

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

when a n a l y s e d by t h e ANOVA, pups o n l y s o c i a l l y r e l a t e d d i d 

show a g r e a t e r p r e f e r e n c e f o r e a c h o t h e r t h a n pups n e i t h e r 

s o c i a l l y nor g e n e t i c a l l y r e l a t e d ( S G ) . 

8.3.4.3 
M a t c h e d - p a i r s t - t e s t 

The r e s u l t s o f t h e t - t e s t s u p p o r t t h e f i n d i n g s o f t h e 

ANOVA ( s e e t a b l e 8.2 f o r summary). T e s t p a i r s i n both t h e 

SG c o n d i t i o n ( t = 2 . 6 4 9 5 , df=5, 0.05>p>0.01) and t h e SG 

c o n d i t i o n ( t = 3 . 3 4 7 3 , df=5, 0.05>p>0.01) show a 

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

( i . e . , t h e mean of a l l o t h e r p a i r s ) . N a t u r a l s i b l i n g s 
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FIGURE 8.1 
Mean number of c o n t a c t s f o r e a c h t e s t c o n d i t i o n w i t h 
J o n c k h e e r e t r e n d p r o b a b i l i t y . 

TABLE 8.2 

Summary o f t - t e s t r e s u l t s f o r c o m p a r i s o n of t h e number of 
c o n t a c t s between t h e t e s t p a i r (AB) and t h e e x p e c t e d v a l u e 
(E) f o r e a c h t e s t c o n d i t i o n . 

MEAN NO. 
OF CONTACTS 

CONDITION t DF PROB AB E 

SG 2.6495 5 0.05>P>0.01 42.8333 34.6333 

SG 1.8340 5 0.2>P>0.1 32.1667 27.4667 

SG 3.3473 5 0.05>P>0.01 34.0000 26.8000 

SG 0.2557 5 P>0.2 30.6667 31.5000 
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were i n c o n t a c t more t h a n o t h e r p a i r s (mean number o f 

c o n t a c t s : SG, 42.833; E , 3 4 . 6 3 3 ) , and s i b l i n g s o n l y 

g e n e t i c a l l y r e l a t e d w i t h no p o s t n a t a l e x p e r i e n c e o f t h e i r 

s i b l i n g s were i n c o n t a c t more t h a n o t h e r p a i r s (mean 

number of c o n t a c t s : t e s t p a i r , 34.000; E , 2 6 . 8 0 0 ) . 

T h e r e was no s i g n i f i c a n t d i f f e r e n c e i n t h e SG o r SG 

c o n d i t i o n s between t h e number of c o n t a c t s f o r t h e t e s t 

p a i r (AB) and t h e e x p e c t e d v a l u e (E) . 

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

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

T h e r e was e v i d e n c e t h a t t h e G f a c t o r i s s u f f i c i e n t f o r 

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

r e l a t e d a l t h o u g h showing some p r e f e r e n c e f o r t h e i r ' s i b s ' 

do n o t do so s i g n i f i c a n t l y . 

I n summary, t h e r e s u l t s of t h e s e e x p e r i m e n t s i n d i c a t e 

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

r a t h e r t h a n u n r e l a t e d i n d i v i d u a l s . The r e s u l t s i n d i c a t e 

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

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

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

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

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

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

r e l a t e d i n d i v i d u a l s do show a g r e a t e r p r e f e r e n c e t h a n 

c o n t r o l i n d i v i d u a l s i n d i c a t i n g s o c i a l r e l a t e d n e s s does 

e x e r t an e f f e c t on h u d d l i n g p a r t n e r p r e f e r e n c e s . 
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8.3.5 
D i s c u s s i o n 

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

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

e f f e c t s of s o c i a l and g e n e t i c r e l a t e d n e s s a r e l e s s 

c o n s i s t e n t . 

The r e s u l t s from t h e ANOVA and J o n c k h e e r e t r e n d t e s t 

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

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

r e l a t e d n e s s . T h i s may be due t o the f a c t t h a t a l t h o u g h 

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

c o u l d both r e c o g n i s e t h e i r s i b s ( s e e Chp. 3 ) , i n d i v i d u a l s 

g e n e t i c a l l y r e l a t e d have a b e t t e r i d e a of who t h e i r s i b s 

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

t h e r e f o r e b e t t e r a b l e t o show a p r e f e r e n c e . T h i s i s 

s u p p o r t e d by s t u d i e s e x a m i n i n g s i b l i n g r e c o g n i t i o n 

( C h p . 3 ) . T h e s e e x p e r i m e n t s i n d i c a t e d t h a t a t d a y s 10-14, 

pups o n l y g e n e t i c a l l y r e l a t e d have a b e t t e r i d e a of who 

t h e i r s i b s a r e t h a n pups o n l y s o c i a l l y r e l a t e d w h e r e a s on 

d a y s 18-22 t h e r e v e r s e i s t r u e and pups o n l y s o c i a l l y 

r e l a t e d have a b e t t e r i d e a of who t h e i r s i b s a r e t h a n 

i n d i v i d u a l s o n l y g e n e t i c a l l y r e l a t e d . Thus a t some time 

t h e r e must be a c h a n g e o v e r i n w h i c h f a c t o r e x e r t s t h e 

s t r o n g e s t e f f e c t and i t may be t h a t a t t h e time of t e s t i n g 

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

e f f e c t and t h e r e f o r e pups G r e l a t e d have a b e t t e r 

knowledge of who t h e i r s i b s a r e and show a g r e a t e r 

p r e f e r e n c e t h a n i n d i v i d u a l s o n l y s o c i a l l y r e l a t e d . 
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Another f a c t o r w h i c h may have r e d u c e d t h e o v e r a l l 

p r e f e r e n c e shown by t h e pups i s the time of t e s t i n g . Pups 

a t 16 d a y s of age have been d e m o n s t r a t e d t o show no 

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

e t a l . f 1979b) and t h u s t e s t i n g a t t h i s age may have 

r e d u c e d t h e p r e f e r e n c e s shown by t h e pups s u c h t h a t o n l y 

t h o s e w i t h t h e b e s t knowlege of who t h e i r s i b l i n g s a r e 

show any p r e f e r e n c e . 

I n c o n c l u s i o n , t h e r e s u l t s of t h i s e x p e r i m e n t 

i n d i c a t e t h a t r a t pups use t h e a b i l i t y t o r e c o g n i s e t h e i r 

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

r e l a t e d n e s s seems t o be i m p o r t a n t f o r t h e e x h i b i t i o n o f 

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

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

may have shown a s t r o n g e r e f f e c t of t h i s f a c t o r . 

8.4 
CONCLUSION 

S i b l i n g s do p r e f e r t o h uddle w i t h e a c h o t h e r , and a s 

s u c h t h e y must p o s s e s s some mechanism f o r r e c o g n i s i n g 

t h e i r s i b l i n g s . P r e v i o u s e x p e r i m e n t s (Chp. 3) have 

d e m o n s t r a t e d t h a t r a t pups a r e c a p a b l e of s i b l i n g 

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

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

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

1979) have d e m o n s t r a t e d t h a t n e s t odour p l a y s an i m p o r t a n t 

r o l e i n t h i s r e c o g n i t i o n ; t h u s i n t h i s c a s e pups 

p r e s u m a b l y r e c o g n i s e t h e i r s i b l i n g s by means of o l f a c t o r y 
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c u e s . 

I n c o n c l u s i o n , h u d d l i n g b e h a v i o u r one of t h e most 

p r o m i n e n t a c t i v i t i e s of t h e r a t d e m o n s t r a t e s t h a t r a t s do 

conform t o p r e d i c t i o n s of k i n s e l e c t i o n t h e o r y and 

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

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

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

d e v e l o p m e n t ) . 
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CHAPTER 9 

PLAY PARTNER PREFERENCES 

IN THE RAT 

9.1 
INTRODUCTION 

O b s e r v e r s w a t c h i n g a n i m a l or human b e h a v i o u r seem 

r e a d i l y a b l e t o s t a t e what i s and i s n o t p l a y 

( B e k o f f , 1 9 7 6 ; M i l l e r , 1 9 7 3 ) , and most c a n a g r e e on 

c e r t a i n q u a l i t i e s o f p l a y ( P o o l e and F i s h , 1975) but a l l 

f i n d i t v e r y d i f f i c u l t t o p i n down and d e f i n e . The main 

problem seems to be b e c a u s e of t h e wide d i v e r s i t y o f 

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

a l l a s p e c t s i s d i f f i c u l t ( S m i t h , 1 9 7 8 ) . Some a u t h o r s 

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

a r e s t u d y i n g ( e . g . , Humphreys, 1 9 8 2 ) , whereas o t h e r s 

a t t e m p t no d e f i n i t i o n and l e a v e i t up t o t h e r e a d e r ( e . g . , 

L o r e n z , 1 9 5 6 ) . W i l s o n (1975) s t a t e s : " L a r g e l y f r o m our 

p e r s o n a l e x p e r i e n c e , we know i n t u i t i v e l y t h a t p l a y i s a 

s e t of p l e a s u r a b l e a c t i v i t i e s , f r e q u e n t l y but not a l w a y s 

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

l i f e , w i t h o u t c o n s u m a t i n g s e r i o u s g o a l s . " (p. 164) and I 

s h a l l u s e t h i s a s a d e f i n i t i o n o f p l a y . For a more 

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

p l a y , s e e Fagen ( 1 9 8 1 ) . P l a y may be d i v i d e d i n t o two 

c a t e g o r i e s , s o c i a l p l a y i n w h i c h two or more c o n s p e c i f i c s 

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

i n t o l o c o m o t o r or o b j e c t p l a y , i n w h i c h a s i n g l e 

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



PAGE 20 

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

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

e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on t h e s e 

p r e f e r e n c e s . 

9.2 
THE PLAY OF RATS 

The p l a y of l a b o r a t o r y r a t s i s a l m o s t e n t i r e l y s o c i a l 

i n n a t u r e (Humphreys, 1 9 8 2 ) , i t commences around day 18 

( B a r n e t t , 1975; Panksepp, 1981; S m a l l 1899) and l a s t s 

u n t i l the r a t s a r e 50-60 days o l d . P l a y b e h a v i o u r peaks 

a t about day 30 (Humphreys, 1982; Panksepp, 1981) w h i c h 

c o i n c i d e s w i t h t h e time of t h e r a t s emergence from t h e 

burrow ( C a l h o u n , 1 9 6 2 ) . The number o f p l a y b o u t s per day 

d e c r e a s e s between days 21-56, whereas t h e p l a y bout l e n g t h 

i n c r e a s e s t o a peak around day 25 r e m a i n s s t a b l e u n t i l 

a p p r o x i m a t e l y day 45, and t h e n d e c r e a s e s (Humphreys, 

1982) . Most p l a y o c c u r s i n t h e d a r k and c o n s e q u e n t l y more 

p l a y b o u t s o c c u r i n t h e d a r k (Humphreys, 1 9 8 2 ) . As f o r 

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

( 1 9 7 5 ) , i d e n t i f y 14, Meaney and S t e w a r t ( 1 9 8 1 ) , i d e n t i f y 8 

and Humphreys (1982) i d e n t i f i e s 5. T h e s e c a t a g o r i e s can 

a l l be p l a c e d i n t o t h r e e b a s i c a r e a s , t h o s e of w r e s t l i n g 

( p l a y - f i g h t i n g ) , c h a s i n g and paws-on. 

O b s e r v a t i o n of p l a y b e h a v i o u r i n w i l d r a t s , a l t h o u g h 

i n d i c a t i n g t h a t t h e y p l a y has not d e m o n s t r a t e d t h e same 

v a r i a t i o n or f r e q u e n c y of p l a y b e h a v i o u r a s o b s e r v e d i n 

l a b o r a t o r y a n i m a l s ( T e l l e , 1 9 6 6 ) , and t h i s i n c r e a s e i n 
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p l a y i n l a b o r a t o r y r a t s i s p r o b a b l y due t o t h e r e s u l t s o f 

c a p t i v i t y . 

9.3 
THE FUNCTION OF PLAY 

Many a u t h o r s a g r e e t h a t p l a y s e r v e s an i m p o r t a n t 

f u n c t i o n i n t h e s o c i a l i s a t i o n of mammals (VTilson, 1975) , 

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

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

t o r i d t h e i n d i v i d u a l of e x c e s s e n e r g y ( S p e n c e r , 1 8 7 8 ) , 

w h i l s t Groos (1898) argued f o r p l a y t o be i m p o r t a n t i n t h e 

p r a c t i c i n g o f s k i l l s . O t h e r a u t h o r s have proposed 

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

b r i e f l y below ( f o r f u l l e r d i s c u s s i o n see Fagen, 1981; 

S m i t h , 1 9 8 2 ) . 

P r a c t i c e : The s i m i l a r i t i e s of p l a y and a d u l t b e h a v i o u r 

have l e a d c e r t a i n a u t h o r s ( e . g . , Symons, 1978) t o p r o p o s e 

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

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

P h y s i c a l T r a i n i n g : The a c t i v e n a t u r e oE most p l a y 

e n h a n c e s t h e p h y s i c a l c a p a c i t y of t h e body. Byers (1980) 

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

t r a i n i n g : bones t h i c k e n and a r e remoulded i n r e s p o n s e t o 

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

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

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

c a p a c i t y and e f f i c i e n c y i n c r e a s e s and m e t a b o l i c p athways 
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a r e a l t e r e d so t h a t t h e i n d i v i d u a l s show i n c r e a s e d 

e n d u r a n c e ; smoothness and i n c r e a s e d e f f i c i e n c y of a c t i o n 

t h a t r e p e a t e d e x e r c i s e a l l o w s . 

S o c i a l C a p a b i l i t y ; T h i s encompasses a number of 

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

c a p a b i l i t y of the i n d i v i d u a l . P o s s i b l e f u n c t i o n s w h i c h 

may be s e r v e d a r e : t o e n a b l e l e a r n i n g of f i g h t i n g or 

p r e d a t o r y / p r e d a t o r a v o i d a n c e s k i l l s ( S m i t h , 1982, s e e a l s o 

p r a c t i c e ) ; t o d e v e l o p complex s o c i a l b e h a v i o u r s and 

communicatory s k i l l s ( P o i r e r and S m i t h , 1 9 7 4 ) ; t h e 

e s t a b l i s h m e n t of s o c i a l rank (Meaney and S t e w a r t , 1 9 8 1 ) . 

C o g n i t i v e / E n v i r o n m e n t a l T r a i n i n g : T h i s encompasses a 

c l a s s of b e h a v i o u r s . I n d i v i d u a l s may l e a r n about t h e 

e n v i r o n m e n t d u r i n g p l a y (more l i k e l y d u r i n g s o c i a l p l a y ) , 

or may form i n n o v a t i v e s k i l l s , t h a t i s , t h e c o m p o s i t i o n 

o f n o v e l b e h a v i o u r p a t t e r n s w h i c h may be a d a p t i v e t o the 

i n d i v i d u a l . F i n a l l y i n d i v i d u a l s d u r i n g p l a y may become 

more f l e x i b l e and a d a p t i v e t o d i f f e r e n t e n v i r o n m e n t a l 

demands. 

K i n R e c o g n i t i o n : An i d e a advanced by B e k o f f ( 1 9 7 8 , 1 9 8 1 ) . 

Through p l a y i n g i n d i v i d u a l s i n i t i a t e and m a i n t a i n bonds of 

k i n s h i p . 

A l t h o u g h t h e r e have been many s t u d i e s of s o c i a l p l a y 

c o v e r i n g many d i f f e r e n t s p e c i e s ( e . g . , B e k o f f , 1976; 

F a g e n , 1976; F i c k e n , 1977; W i e s l e r and M c C a l l , 1976) t h e 
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b e n e f i t s w h i c h a c c r u e t o i n d i v i d u a l s who p a r t i c i p a t e i n 

s u c h a c t i v i t i e s have remained e l u s i v e ( B e k o f f , 1 9 7 8 ) . 

A t t e m p t s t o guage t h e i m p o r t a n c e of p l a y have m a i n l y 

i n v o l v e d d e p r i v a t i o n s t u d i e s , f o r example, Harlow and 

Harlow (1962) . A l t h o u g h s u c h i s o l a t i o n s t u d i e s go some 

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

been d e p r i v e d of more th a n j u s t p l a y e x p e r i e n c e and c a r e 

must be t a k e n i n t h e i n t e r p r e t a t i o n of t h e s e r e s u l t s . 

Some s t u d i e s have a t t e m p t e d t o d e p r i v e i n d i v i d u a l s of o n l y 

p l a y (Chepko, 1971; M u l l e r - S c h w a r z e , 1 9 6 8 ) , but doing 

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

1 9 7 8 ) , f o r example, c o n s t a n t human i n t e r v e n t i o n and a g a i n 

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

d e p r i v a t i o n . 

The b e n e f i t s of p l a y , a l t h o u g h w i d e l y acknowledged, 

have y e t to be s p e c i f i c a l l y e l u c i d a t e d . A f u r t h e r problem 

w i t h t he b e n e f i t s of p l a y i s t h a t t h e y do not seem t o be 

i m m e d i a t e l y r e a l i s e d but r a t h e r p l a y p r e p a r e s t h e 

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

p l a y i n g may not be g a i n e d u n t i l t h i s t i m e , a f t e r t he p l a y 

p e r i o d has ended. 

The c o s t s of p l a y , however, a r e somewhat more 

a p p a r e n t and i m m e d i a t e . F i r s t , t h e e n e r g y used d u r i n g 

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

i n d i v i d u a l w h i c h must be made up. Too much e n e r g y l o s s 

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

s t i m u l i , f o r example, p r e d a t o r s . D u r i n g p l a y t h e r e i s a 
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p o s s i b i l i t y of p h y s i c a l i n j u r y , e s p e c i a l l y d u r i n g p l a y 

f i g h t i n g . I n d i v i d u a l s may become s e p a r a t e d from t h e 

mother or group d u r i n g p l a y and t h e r e f o r e may be more a t 

r i s k t o p r e d a t i o n and may l o s e m a t e r n a l c a r e . F i n a l l y , 

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

t h i s may draw t h e a t t e n t i o n o f p r e d a t o r s t o t h e p l a y i n g 

i n d i v i d u a l s . Thus t h e r e a r e c o s t s a s s o c i a t e d w i t h p l a y , 

w h i c h f o r t h e most p a r t w i l l be s h a r e d e q u a l l y amongst t h e 

p a r t i c i p a n t s . 

I n summary, p l a y b e h a v i o u r i n v o l v e s c o s t s t h a t a r e 

i m m e d i a t e l y r e a l i s a b l e and g a i n s / b e n e f i t s w h i c h a r e 

d e l a y e d and t h e i n d i v i d u a l may not r e a p t h e s e u n t i l a f t e r 

t h e p l a y p e r i o d . I t does seem however t h a t p l a y i s a 

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

t h e b e n e f i t s o u t w e i g h i n g t h e c o s t s , and p a r t i c i p a n t s 

r e c e i v i n g e q u a l b e n e f i t s and e q u a l c o s t s . Thus a s s u c h 

i n d i v i d u a l s who p a r t i c i p a t e i n t h i s a c t i v i t y w i t h k i n c a n 

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

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

9.4 

EXPERIMENT 9.1; 

PLAY PARTNER PREFERENCES IN THE RAT 

T h i s e x p e r i m e n t i n v e s t i g a t e s t h e p r e f e r e n c e s of 

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

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

p r e f e r e n c e s (Humphreys and E i n o n , 1 9 8 1 ) , r a t pups were 

found t o p r e f e r a f r e e cagemate o v e r a c o n f i n e d one, and 
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t o p r e f e r a n o r m a l l y b e h a v i n g agemate o v e r an a b n o r m a l l y 

b e h a v i n g i n d i v i d u a l . I n t h i s e x p e r i m e n t r a t s were g i v e n a 

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

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

s i b l i n g s . The e f f e c t o f s o c i a l r e l a t e d n e s s and g e n e t i c 

r e l a t e d n e s s on t h i s p r e f e r e n c e was a l s o examined. I t was 

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

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

The t r e a t m e n t of s u b j e c t s , p r o c e d u r e and a n a l y s i s was 

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

p r e f e r e n c e s (Chp. 8) and s h a l l o n l y be d i s c u s s e d b r i e f l y 

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

be found i n c h a p t e r 8, s e c t i o n 8.3. 

9.4.1 
S u b j e c t s 

The s u b j e c t s were 29 l i t t e r s o f Sprague-Dawley r a t s 

b o r n t o f e m a l e s s u p p l i e d by B &K (Animal S u p p l i e r s ) L t d . 

F i f t e e n o f t h e s e l i t t e r s had been p r e v i o u s l y u s e d t o 

i n v e s t i g a t e h u d d l i n g p a r t n e r p r e f e r e n c e s (Chp. 8 ) . A l l 

pups were born w i t h i n 48 h o u r s o f e a c h o t h e r , t h e day of 

b i r t h termed day 0. On day 2 a l l l i t t e r s were c u l l e d t o 7 

and p l a c e d i n one o f two r e a r i n g c o n d i t i o n s . 

R e a r i n g C o n d i t i o n 1; 15 l i t t e r s were p l a c e d i n t h i s 

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

t h e d u r a t i o n o f t h e e x p e r i m e n t . 
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R e a r i n g C o n d i t i o n 2: 14 l i t t e r s were use d i n t h i s 

c o n d i t i o n and were d i v i d e d i n t o 2 groups of 7. E a c h group 

was t r e a t e d i d e n t i c a l l y t o t h a t of r e a r i n g c o n d i t i o n 2 i n 

c h a p t e r 8 t o form new l i t t e r s e a c h c o n t a i n i n g 7 u n r e l a t e d 

i n d i v i d u a l s . 

T h e s e r e a r i n g c o n d i t i o n s p r oduced 3 e x p e r i m e n t a l 

c o n d i t i o n s : SG, n a t u r a l s i b l i n g s from r e a r i n g c o n d i t i o n 

1; SG, o n l y s o c i a l l y r e l a t e d ' s i b l i n g s ' from r e a r i n g 

c o n d i t i o n 2; SG, o n l y g e n e t i c a l l y r e l a t e d s i b l i n g s from 

r e a r i n g c o n d i t i o n 2. Pups n e i t h e r s o c i a l l y nor 

g e n e t i c a l l y r e l a t e d (SG) were u s e d a s c o n t r o l s . 

Pups were weaned on day 24, a l l o t h e r d e t a i l s 

c o n c e r n i n g t h e t r e a t m e n t o f t h e pups were i d e n t i c a l t o 

t h o s e f o r pups i n c h a p t e r 8. 

9.4.2 
P r o c e d u r e 

Pups were t e s t e d between 29 and 32 d a y s o f age. On 

t h e day p r i o r t o t e s t i n g pups were i s o l a t e d from 

c o n s p e c i f i c s and p l a c e d i n i n d i v i d u a l c a g e s ^ " x S ^ S " 

(North K e n t P l a s t i c s ) w i t h food and w a t e r f r e e l y 

a v a i l a b l e . T h i s p r o c e d u r e was adopted t o i n c r e a s e t h e 

amount of p l a y b e h a v i o u r e x h i b i t e d d u r i n g t h e e x p e r i m e n t a l 

s e s s i o n . T w e n t y - f o u r h o u r s a f t e r i s o l a t i o n t h e pups were 

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

h u d d l i n g t e s t . 
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Pups were t e s t e d i n groups of 4, q u a r t e t s , each group 

composed of 2 t e s t animals, r e l a t e d by one of the four 

p o s s i b l e t e s t c o n d i t i o n s SG, SG, SG, SG, and 2 c o n t r o l s , 

SG. Twelve q u a r t e t s were used f o r each c o n d i t i o n . The 

t e s t session l a s t e d 25 minutes and was recorded on 

vid e o t a p e . 

9.4.3 
A n a l y s i s 

Time sampling was used t o analyse the behaviour, the 

tape was stopped every 10 seconds t o record which p a i r s of 

r a t s were i n c o n t a c t . For t h i s the t e s t p a i r was l a b e l l e d 

A and B and the c o n t r o l pups C and D. The t o t a l number of 

times each p a i r (AB,AC,AD,BC,BD,CD) was i n co n t a c t was 

ob t a i n e d . The r e s u l t s were analysed by using an ANOVA, a 

Jonckheere t r e n d t e s t and matched p a i r s t - t e s t , f u l l e r 

d e t a i l s of which may be found i n the previous c h a p t e r . 

9.4.4 
R esults 

9.4.4.1 
A n a l y s i s of Variance 

No s i g n i f i c a n t e f f e c t s of s o c i a l r e l a t e d n e s s , g e n e t i c 

r e l a t e d n e s s nor any i n t e r a c t i o n e f f e c t was found, see 

t a b l e 9.1. The r e s u l t s of the ANOVA i n d i c a t e t h e r e was no 

s i g n i f i c a n t d i f f e r e n c e i n the amount of c o n t a c t between 

the t e s t p a i r s i n the four t e s t c o n d i t i o n s . 
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TABLE 9.1 

The e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on the play 
p a r t n e r preferences o f j u v e n i l e r a t s . 

Summary of A n a l y s i s of Variance 

SOURCE DF SS MS F PROB 

SUBJ 47 5114 .6667 

S 1 208 . 3333 208. 3333 1, .9105 0 .1706 
G 1 96 .3333 96. 3333 0. .8834 0 . 6452 
S x G 1 12 .0000 12. 0000 0. .1100 0 .7407 

ERROR 44 4798 .0000 109. 0455 

WITHIN CELLS 0 0.0 

S = S o c i a l r e l a t e d n e s s . 
G = Genetic r e l a t e d n e s s . 
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9.4.4.2 
Jonckheere Trend T e s t 

I t was hypo t h e s i s e d t h a t the order f o r the g r e a t e s t 

number of c o n t a c t s would be SG>S(5>SG>SG. The o r d e r i n g of 

SG then SG based upon r e s u l t s from examination of s i b l i n g 

r e c o g n i t i o n , chapter 3, which i n d i c a t e d t h a t by day 18-22 

s o c i a l r e l a t e d n e s s e x e r t e d a g r e a t e r e f f e c t on p r e f e r e n c e s 

than g e n e t i c r e l a t e d n e s s . Although o b s e r v a t i o n of the 

graph (see f i g . 9.1) i n d i c a t e s t h a t the number of 

c o n t a c t s does show a trend i n the p r e d i c t e d d i r e c t i o n t h i s 

does not reach s i g n i f i c a n c e (p=0.1118). 

The r e s u l t s i n d i c a t e t h e i r was no trend i n the amount 

of c o n t a c t between the t e s t p a i r i n the four t e s t 

c o n d i t i o n s , although there may be some s l i g h t i n c r e a s e i n 

the number of c o n t a c t s f o r i n d i v i d u a l s s o c i a l l y r e l a t e d 

over i n d i v i d u a l s n o n - s o c i a l l y r e l a t e d . I t thus seems t h a t 

the t e s t p a i r s were i n c o n t a c t e q u a l l y o f t e n i n a l l four 

c o n d i t i o n s . 

9.4.4.3 
Matched-pairs t - t e s t 

I n d i v i d u a l s s o c i a l l y and g e n e t i c a l l y r e l a t e d showed a 

s i g n i f i c a n t l y g r e a t e r number of c o n t a c t s than expected 

(t=2.7498, d f = l l , 0.02>p>0.01, mean number of c o n t a c t s : 

SG, 70.3333; E, 63.8667). There was no s i g n i f i c a n t 

d i f f e r e n c e i n the number of c o n t a c t s between the t e s t p a i r 

(AB) and the expected v a l u e (E) i n the SG, SG or SG 

c o n d i t i o n s (see t a b l e 9.2). 
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FIGURE 9,1 
Mean number of c o n t a c t s f o r each t e s t c o n d i t i o n w i t h 
Jonckheere t r e n d p r o b a b i l i t y ^ 

TABLE 9.2 

Summary of t - t e s t r e s u l t s f o r comparison o f the number of 
co n t a c t s between the t e s t p a i r (AB) and the expected value 
(E) f o r each c o n d i t i o n . 

MEAN NO. 
OF CONTACTS 

CONDITION t DF PROB. AB E 
SG 2. 7498 11 0.02>P>0.01 70.3333 63 .8667 

SG 1. 4557 11 0.2>P>0.1 66.5000 63 .1000 

SG 1. 9712 11 0.1>P>0.05 65.1667 57 .1000 

SG 0. 3660 11 0.8>P>0.7 63.8333 63 .0750 
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I n summary, the r e s u l t s of t h i s experiment do suggest 

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

than with u n r e l a t e d i n d i v i d u a l s , and t h a t s i b s need to be 

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

to o c c u r . 

9.4.5 
D i s c u s s i o n 

T h i s experiment i n d i c a t e s t h a t i n d i v i d u a l s p r e f e r to 

p l a y with t h e i r n a t u r a l s i b l i n g s r a t h e r than with 

u n f a m i l i a r agemates. The e f f e c t s of only s o c i a l or only 

g e n e t i c r e l a t e d n e s s on p l a y partner p r e f e r e n c e are l e s s 

c l e a r . 

P r e v i o u s s t u d i e s i n v e s t i g a t i n g s i b l i n g r e c o g n i t i o n 

(Chp. 3) show t h a t r a t s s o c i a l l y or g e n e t i c a l l y r e l a t e d 

p o s s e s s the a b i l i t y to r e c o g n i s e t h e i r s i b l i n g s a t 22 days 

of age, but by day 40 only r a t s s o c i a l l y r e l a t e d e x h i b i t 

s i g n s of t h i s a b i l i t y . I t was concluded from these 

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

a g e n e t i c a l l y mediated mechanism r e q u i r e some s o c i a l 

e x p e r i e n c e of t h e i r s i b s to m a i n t a i n t h e i r 

p r e f e r e n c e / r e c o g n i t i o n . T h i s may e x p l a i n the l a c k of 

p r e f e r e n c e e x h i b i t e d by SG r a t s f o r s i b l i n g play p a r t n e r s , 

as they were unable to r e c o g n i s e them. T h i s i s p a r t i a l l y 

supported by the Jonckheere trend t e s t , where although the 

t r e n d was not s i g n i f i c a n t i t d i d suggest a s t r o n g e r 

p r e f e r e n c e shown by s o c i a l l y r e l a t e d i n d i v i d u a l s over 

n o n - s o c i a l l y r e l a t e d i n d i v i d u a l s . 
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Poor r e c o g n i t i o n of s i b l i n g s by SG r e l a t e d 

i n d i v i d u a l s may a l s o e x p l a i n why no p r e f e r e n c e was 

e x h i b i t e d by these r a t s as compared to n a t u r a l s i b l i n g s 

(SG). When the s t r e n g t h of p r e f e r e n c e f o r s i b l i n g s was 

compared between SG and SG pups a t days 18-22, the r e s u l t s 

showed the SG pups showed a stro n g e r p r e f e r e n c e , although 

t h i s d id not reach s i g n i f i c a n c e (0.1>p>0.05, s e c t i o n 

3.6.5). I t may be t h a t s o c i a l and g e n e t i c e x p e r i e n c e 

combines to allow a stronger r e p r e s e n t a t i o n of s i b l i n g s to 

be held than j u s t s o c i a l e x p e r i e n c e . The p o s s i b i l i t y a l s o 

e x i s t s t h a t both s o c i a l and g e n e t i c f a c t o r s may combine i n 

some way unknown, for example, to produce g r e a t e r 

b e h a v i o u r a l s i m i l a r i t y , which again may allow b e t t e r 

r e c o g n i t i o n of s i b l i n g s . 

I t may be t h a t the ta s k i t s e l f produces 

i n d i s c r i m i n a t e p l a y behaviour and only those i n d i v i d u a l s 

most s t r o n g l y a t t r a c t e d to t h e i r s i b l i n g s (SG) show t h i s 

p r e f e r e n c e . I n d i v i d u a l s were deprived of p l a y f o r 24 

hours p r i o r to the t e s t to i n c r e a s e t h e i r p l a y when t e s t e d 

and t h i s may have l e d to an i n d i s c r i m i n a t e tendency to 

p l a y . 

A f i n a l c o n s i d e r a t i o n i s whether the measure used, 

the number of c o n t a c t s , r e f l e c t s t r u e p l a y p a r t n e r 

p r e f e r e n c e s . I n the huddling t a s k , c o n t a c t s c o r e s were 

p e r t i n e n t to the behaviour s t u d i e d , but the same cannot be 

s a i d f o r p l a y . Poole and F i s h (1975) i d e n t i f y 14 elements 

of r a t s o c i a l p l a y , implying t h a t p l a y i s o b v i o u s l y more 
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complicated than measures of c o n t a c t behaviour can 

suggest. The t a s k i t s e l f used a procedure which i n c r e a s e d 

the amount of p l a y e x h i b i t e d by the i n d i v i d u a l s and 

o b s e r v a t i o n of the t a s k i n d i c a t e d between 70-80% of the 

time some of the animals were engaged i n s o c i a l p l a y . 

Thus i t i s l i k e l y t h a t when i n c o n t a c t the animals were 

p l a y i n g and thus the c o n t a c t measure does r e f l e c t to some 

ex t e n t r e p r e s e n t p l a y a c t i v i t y . The i n i t i a t i o n of p l a y i s 

u s u a l l y heralded by a "paws-on" (Humphreys, 1982; Poole 

and F i s h , 1975) type of behaviour and o b s e r v a t i o n of r a t 

p l a y i n d i c a t e s they do not s e a r c h f o r a par t n e r but 

"paws-on" the n e a r e s t pup (personal o b s e r v a t i o n ) . Again 

c o n t a c t behaviour would be an a p p r o p r i a t e measure f o r p l a y 

p r e f e r e n c e s , as the pup i n c o n t a c t i s the one most l i k e l y 

to be played w i t h . I n c o n c l u s i o n , to a l a r g e e x t e n t the 

measure of c o n t a c t behaviour probably does r e f l e c t the 

p l a y behaviour of r a t s and can be used to g i v e an 

i n d i c a t i o n of p l a y partner p r e f e r e n c e s . 

I n summary, the p l a y behaviour of 29-32 day o l d r a t s 

does suggest t h a t these r a t s p r e f e r to p l a y w i t h t h e i r 

s i b l i n g s , and t h a t both s o c i a l and g e n e t i c r e l a t e d n e s s i s 

n e c e s s a r y f o r t h i s p r e f e r e n c e to be shown. 

9.5 
CONCLUSION 

As i n d i v i d u a l s p r e f e r to p l a y with t h e i r s i b l i n g s , 

t hese i n d i v i d u a l s may g a i n g r e a t e r i n c r e a s e s i n t h e i r 

i n c l u s i v e f i t n e s s than i n d i v i d u a l s not p l a y i n g 
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p r e f e r e n t i a l l y with t h e i r s i b l i n g s . One important 

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

the development of k i n r e c o g n i t i o n (Bekoff, 1978,1981). 

P l a y i n g with s i b l i n g s may i n c r e a s e k i n r e c o g n i t i o n by 

2 means. Simple exposure to s i b l i n g s may a l l o w f u r t h e r 

l e a r n i n g of the k i n i d e n t i f i e r , which l e a d s to b e t t e r k i n 

r e c o g n i t i o n i n the f u t u r e . Second i t may l e a d t o 

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

k i n . S o c i a l p l a y has been p o s t u l a t e d to develop complex 

s o c i a l behaviour (Baldwin and Baldwin, 1974) and 

communicatory s k i l l s and s o c i a l i n t e g r a t i o n ( P o i r e r and 

Smith, 1974), and as such i f these s o c i a l behaviours 

develop during p l a y , then i n d i v i d u a l s p l a y i n g together may 

develop s i m i l a r behaviours and may become more l i k e l y to 

respond together i n the f u t u r e . Thus i f k i n respond 

together during p l a y they may develop s i m i l a r behaviour 

p a t t e r n s which w i l l l e a d to b e t t e r k i n r e c o g n i t i o n . 

I n c o n c l u s i o n , i t does seem t h a t s i b l i n g r a t s p r e f e r 

to p l a y with each other r a t h e r than u n r e l a t e d i n d i v i d u a l s 

thereby a c t i n g i n accordance with k i n s e l e c t i o n theory and 

maximising t h e i r i n c l u s i v e f i t n e s s as w e l l as p o s s i b l y 

enhancing t h e i r a b i l i t y to r e c o g n i s e k i n . 
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CHAPTER 10 

INBREEDING AVOIDANCE IN THE RAT 

10.1 
INTRODUCTION 

An i n d i v i d u a l ' s f i t n e s s i s u l t i m a t e l y measured i n 

terms of i t s r e p r o d u c t i v e s u c c e s s , t h a t i s , how w e l l i t i s 

ab l e ^ m a i n t a i n i t s genes m the next g e n e r a t i o n . The 

pr e v i o u s 2 c h a p t e r s have i n v e s t i g a t e d f a c t o r s which have 

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

i n d i v i d u a l ' s normal development. I n t h i s chapter I 

i n v e s t i g a t e the mating pa r t n e r p r e f e r e n c e s of r a t s and 

i n v e s t i g a t e one f a c t o r which may d i r e c t l y a f f e c t an 

i n d i v i d u a l ' s f i t n e s s , i n b r e e d i n g , and examine what s t e p s 

i f any r a t s take to avoid t h i s . 

10.2 
INBREEDING 

Inbreeding i s de f i n e d as mating between two 

i n d i v i d u a l s who are r e l a t e d to each other by having one or 

more a n c e s t o r s i n common. The degree of inbreeding i s 

dependent on the c l o s e n e s s of the g e n e t i c r e l a t i o n s h i p 

between the mated i n d i v i d u a l s . The c l o s e r the i n d i v i d u a l s 

are r e l a t e d , t h a t i s , the more genes they have i n common, 

the g r e a t e r the degree of i n b r e e d i n g . G e n e r a l l y , c l o s e l y 

r e l a t e d i n d i v i d u a l s t h a t inbreed s u f f e r from inbr e e d i n g 

d e p r e s s i o n ; a decrease i n some or a l l components of 

b i o l o g i c a l f i t n e s s (Barash, 1977). Some of the most 

commonly a s s o c i a t e d s i g n s of inbreeding a re i n c r e a s e d 
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j u v e n i l e m o r t a l i t y (Wright S., 1977), i n c r e a s e d 

s u s c e p t i b i l i t y to d i s e a s e s ( R a l l s e t a l . , 1979) and 

decreased r e p r o d u c t i v e c a p a c i t y ( F a l c o n e r , 1960). 

10.2.1 
The G e n e t i c Consequences Of Inbreeding 

The l o s s i n f i t n e s s a s s o c i a t e d with inbreeding may be 

due to one or a combination of three g e n e t i c consequences. 

As the i n d i v i d u a l becomes more inbred i t comes to be 

homozygous for more genes ( C a v a l l i - S f o r z a and Bodmer, 

1971). T h i s reduces the genotypic p o t e n t i a l of the 

i n d i v i d u a l and consequently the a b i l i t y of the i n d i v i d u a l 

to respond s u c c e s s f u l l y to d i f f e r e n t environmental 

consequences i s l e s s e n e d due to the l o s s of 

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

r e s i s t a n c e to d i s e a s e s . 

As i n d i v i d u a l s become more inbred they become 

i n c r e a s i n g l y more homozygous and r e c e s s i v e a l l e l e s which 

have been masked by dominant a l l e l e s i n the heterozygous 

form come to the f o r e and can now e x e r t an e f f e c t i n the 

homozygous i n d i v i d u a l . Many of these r e c e s s i v e genes have 

d e l e t e r i o u s consequences and when they are able to e x e r t 

an e f f e c t they a c t to reduce the f i t n e s s of the i n d i v i d u a l 

(Bodmer and C a v a l l i - S f o r z a , 1976). 

F i n a l l y i n d i v i d u a l s c o n t a i n a l a r g e number of 

polygenes, these are groups of genes each of which on i t s 

own e x e r t s l i t t l e or no e f f e c t , but i n sum a c t together to 
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i n f l u e n c e the development of the i n d i v i d u a l . I n 

heterozygous i n d i v i d u a l s the genes making up the the 

polygenes are i n balance and add to the f i t n e s s of the 

i n d i v i d u a l , however inbreeding l e a d i n g to homozygosity 

tends to upset the balance of the p o l y g e n i c system of the 

i n d i v i d u a l l e a d i n g to poor developmental s t a b i l i t y and a 

r e d u c t i o n i n f i t n e s s (Mather, 1955). 

10.2.2 
The Phenotypic Consequences Of Inbreeding 

One does not d i r e c t l y observe the g e n e t i c 

consequences of in b r e e d i n g , but observes the e x p r e s s i o n of 

these e f f e c t s i n the i n d i v i d u a l ' s behaviour, t h a t i s , i t s 

phenotype. The e f f e c t s of inbreeding have been observed 

i n a number of d i f f e r e n t s p e c i e s . Inbreeding has been 

shown to r e t a r d development i n mice, Mus sp., (Wainwright, 

1980); decrease the p r o b a b i l i t y of s u r v i v i n g to m a t u r i t y 

and reproducing i n the Japanese q u a i l , C o t u r n i x c o t u r n i x 

j a p o n i c a , (Sittman e t a l . , 1966); reduce the r e p r o d u c t i v e 

c a p a b i l i t y of d r o s o p h i l a , D r o s o p h i l a obscura, 

( H o l l i n g s w o r t h and Maynard-Smith, 1955; Maynard-Smith; 

1956), reduce the h a t c h a b i l i t y and number of s u r v i v i n g f r y 

i n the rainbow t r o u t , Salmo g a i r d n e r i , ( K i n c a i d , 1976); 

r e s u l t i n poor r e p r o d u c t i v e performance i n p r a i r i e deer 

mice, Peromyscus maniculatus b a i r d i i , ( H i l l , 1974); 

i n c r e a s e n e s t l i n g m o r t a l i t y i n the g r e a t t i t , Parus major, 

(Greenwood e t a l . , 1978). S i m i l a r d e f e c i t s r e s u l t i n g from 

inbreeding have been r e p o r t e d i n a wide range of ungulates 

(see R a l l s e t a l . , 1979) and domestic animals (e.g., see 
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F a l c o n e r , 1960; Wright S., 1977). 

10.2.3 
Inbreeding Avoidance 

As there are c l e a r disadvantages of inbreeding i t may 

be expected t h a t s o c i a l groups w i l l d i s p l a y b e h a v i o u r a l 

mechanisms which p r e c l u d e inbreeding. Mechanisms 

which may have evolved to avoid inbreeding can be d i v i d e d 

i n t o 2 broad c a t a g o r i e s . 

F i r s t , 'out of s i t e , out of mind'. I n t h i s catagory 

the p o s s i b i l i t y of inbreeding i s reduced by the removal of 

i n d i v i d u a l s of one sex from the s i t e of r e l a t e d 

i n d i v i d u a l s of the opposite sex. Male chimps, Pan 

t r o g l o d y t e s , remain i n t h e i r n a t a l community w h i l s t the 

females t r a n s f e r to other communities during adolescence 

(Pusey, 1980). I n the o l i v e baboon, Papio anubis, 

however, i t i s the males who t r a n s f e r between groups and 

the females who remain (Packer, 1975, 1979). I n the 

mountain g o r i l l a , G o r i l l a g o r i l l a , both sexes tend to 

l e a v e the n a t a l group, the males to wander alone and t r y 

to a t t r a c t other females, and the females to another 

a l r e a d y e s t a b l i s h e d group (Harcourt e t a l . , .1976). Female 

A f r i c a n w i l d dogs, Lycaon p i c t u s TEMMYNCK, emigrate from 

one group to another (Frame and Frame, 1976) and i n l i o n s , 

Panthera l e o , subadult males are d r i v e n away from the 

p r i d e by the dominant males (Bertram, 1973). I n t h i s way 

r e l a t i v e s of opp o s i t e sex may be se p a r a t e d and in b r e e d i n g 

avoided. 



PAGE 39 

I n the second mechanism, ' i n s i g h t , but out of mind', 

i n d i v i d u a l s do not l e a v e the n a t a l group but are i n h i b i t e d 

from s e x u a l behaviour by the presence of other r e l a t e d 

i n d i v i d u a l s . I n the Acorn woodpecker, Melanerpes 

fo r m i c i v o n u s , o f f s p r i n g a re i n h i b i t e d from reproducing by 

the presence of the parent of the opposite sex (Koenig and 

P i t e l k a , 1979). A s i m i l a r e x p l a n a t i o n has been o f f e r e d to 

e x p l a i n the i n c e s t taboo i n humans ( B i x l e r , 1982; Wolf, 

1966,1970) and s t u d i e s of an I s r a e l i kibbutz i n which 

c h i l d r e n were brought up communally, found i n d i v i d u a l s 

never married anyone with whom they a s s o c i a t e d i n 

childhood, even i f they were not c l o s e r e l a t i o n s (Shepher, 

1971). 

P r a i r i e dogs, Cynomys l u d o v i c i a n u s , use both 

mechanisms to avoid inbreeding (Hoogland, 1982): young 

males l e a v e the n a t a l group and young females a re l e s s 

l i k e l y to come i n t o o e s t r — u s i f the f a t h e r i s p r e s e n t . 

10.2.4 
P o s s i b l e Advantageous Consequences Of Inbreeding 

Although inbreeding g e n e r a l l y a c t s to reduce f i t n e s s , 

i n c e r t a i n c i r c u m s t a n c e s i n d i v i d u a l s may gain i n f i t n e s s 

through i n b r e e d i n g . Bengtsson (1978) argues t h a t i f the 

c o s t s i n c u r r e d by the i n d i v i d u a l i n l e a v i n g i t s n a t a l 

group to f i n d another a re g r e a t e r than those i n c u r r e d by 

inbreed i n g then the i n d i v i d u a l may be expected to engage 

i n i n b r e e d i n g . Seger (1976) p r o v i d e s evidence t h a t 

i n b r e e d i n g may b e n e f i t i n d i v i d u a l s by reducing c o m p e t i t i o n 
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i n the i n t r a - u t e r i n e environment. L i k e w i s e i n b r e e d i n g may 

favour s o c i a l e v o l u t i o n by a l l y i n g "group members by 

k i n s h i p and making a l t r u i s m p r o f i t a b l e through the 

promotion of autozygous genes (hence ones own genes) among 

the r e c i p i e n t s of a l t r u i s m " (Wilson, 1975, p. 8 0 ) . 

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

of c o n f l i c t : by inbreeding they may reduce the c o s t s 

i n c u r r e d by l e a v i n g the group to f i n d other mates, reduce 

c o m p e t i t i o n amongst k i n and gain advantages i n t h e i r 

s o c i a l e v o l u t i o n , but i n doing so they w i l l tend to lower 

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

performance and l o s s of g e n e t i c a d a p t a b i l i t y such t h a t 

gene s u r v i v a l may be t h r e a t e n e d . To overcome t h i s 

i n d i v i d u a l s may be expected to s t r i k e a balance between 

inbreeding and outbreeding (Bateson 1978b). I n 

experiments on the Japanese q u a i l , C o t u r n i x c o t u r n i x 

j a p o n i c a , Bateson (1978a,1980,1982) has found t h a t the 

b i r d s do s t r i k e such an optimal b a l a n c e , p r e f e r r i n g to 

mate with t h e i r f i r s t c o u s i n s over s i b l i n g s , t h i r d c o u s i n s 

and u n r e l a t e d i n d i v i d u a l s . 

10.3 
INBREEDING IN THE RAT 

The e f f e c t s of inbreeding i n the r a t are somewhat 

c o n t r a d i c t o r y . Most of the s t r a i n s used by experimenters 

today have been d e r i v e d from s t o c k o r i g i n a l l y inbred to 

promote q u a l i t i e s of d o c i l i t y and l a r g e l i t t e r s i z e , f o r 

example, Sprague-Dawley r a t s were o r i g i n a l l y i n bred f o r 20 
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g e n e r a t i o n s p r i o r to outbreeding (McClintock, 1974). 

These s t r a i n s do not seem to have s u f f e r e d the 

consequences of i n c r e a s e d m o r t a l i t y , decreased l i t t e r 

s i z e , poor r e p r o d u c t i v e performance, u s u a l l y a s s o c i a t e d 

w i t h i n b r e e d i n g . 

Some i n v e s t i g a t o r s however have found t h a t inbreeding 

reduces f e r t i l i t y and v i t a l i t y i n the r a t (Ritzema-Bos, 

1894) and may a l s o cause the appearance of p h y s i c a l 

a b n o r m a l i t i e s (Crampe, 1883). King (1918a-c,1919) found 

l i t t l e evidence f o r inbreeding d e p r e s s i o n i n r a t s , however 

the homozygosity u s u a l l y r e s u l t i n g from inbreeding may to 

a c e r t a i n e x t e n t have been avoided by s e l e c t i n g r a t s f o r 

mating vigour, indeed l a t e r a n a l y s i s of the r a t s used 

i n d i c t a t e d t h a t h e t e r o z y g o s i t y remained a t some l o c i (see 

Wright S., 1977). 

10.3.1 
Inbreeding Avoidance I n The Rat 

L i t t l e i s known about the mechanisms, i f any, used by 

the r a t to avoid i n b r e e d i n g . S t u d i e s of r a t s i n n a t u r a l 

or s e m i - n a t u r a l enviroments ( B a r n e t t , 1975; Calhoun, 

1962; T e l l e , 1966) throw l i t t l e l i g h t on the s u b j e c t 

g i v i n g no i n d i c a t i o n of one or other sex l e a v i n g the group 

or any p r e v e n t i o n of mating with r e l a t e d i n d i v i d u a l s . 

One experiment which may i n d i c a t e a means of 

inbreeding avoidance was performed by Kagan and Beach 

(1953). I n t h i s experiment male r a t s were r e a r e d i n 
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i s o l a t i o n from i n f a n c y to adulthood. E x p e r i m e n t a l groups 

were given weekly exposure to e i t h e r a s e x u a l l y r e c e p t i v e 

female or a male of the same age, c o n t r o l groups remaining 

i s o l a t e d . At 99 days of age i n d i v i d u a l s were exposed to a 

r e c e p t i v e female and, although t h e r e was no d i f f e r e n c e i n 

the occurence of c o p u l a t i o n , those i n d i v i d u a l s g i v e n 

exposure to e i t h e r a male or female r a t e j a c u l a t e d l e s s 

f r e q u e n t l y . Kagan and Beach argued t h a t p l a y h a b i t s 

formed during prepuberal exposure i n t e r f e r e d with the 

competing tendency to c o p u l a t e . Although t h i s study 

i n d i c a t e s t h a t events i n the prepuberal p e r i o d can 

i n t e r f e r e with the c o p u l a t o r y response these e f f e c t s may 

not be due to p l a y as Kagan and Beach suggest. I f p l a y 

d i d compete with c o p u l a t o r y behaviour one would expect an 

e f f e c t to be e x e r t e d on c o p u l a t o r y behaviour and not j u s t 

on e j a c u l a t i o n frequency. A l s o males r e c e i v i n g exposure 

were compared to i s o l a t e d i n d i v i d u a l s . There have been a 

number of s t u d i e s i n d i c a t i n g t h a t i s o l a t i o n produces 

b e h a v i o u r a l d e f i c i e n c e s i n r a t s (e.g., see Einon and 

Morgan, 1977; E i n o n , Morgan and K i b b l e r , 1978; Morgan, 

1973) and the e f f e c t s may be due to an i n c r e a s e d 

e j a c u l a t i o n frequency i n i s o l a t e d r a t s r a t h e r than a 

d e c r e a s e i n the e j a c u l a t i o n frequency of those r a t s 

exposed to c o n s p e c i f i c s . A study by Chambers e t a l . 

(1982) i n d i c a t e s t h a t s e x u a l behaviour i n a d u l t r a t s i s 

d i s r u p t e d by a p e r i o d of i s o l a t i o n . Thus although Kagan 

and Beach (1953) demonstrate t h a t p r e p u b e r a l e x p e r i e n c e 

does a f f e c t c e r t a i n a s p e c t s of mating behaviour, whether 

t h i s i s due to competing p l a y behaviour or the e f f e c t s of 
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i s o l a t i o n r e a r i n g i s u n c l e a r . 

10.4 

EXPERIMENT 10.1 

INBREEDING AVOIDANCE IN THE RAT: THE EFFECT OF DIFFERENT 

PREPUBERAL RELATIONSHIPS ON THE TIME OF LITTER 

BIRTH AND THE NUMBER OF PUPS BORN 

T h i s experiment i n v e s t i g a t e s the mating behaviour of 

s i b l i n g r a t s and c o n s i d e r s the consequences of 2 d i f f e r e n t 

p r e p u b e r a l r e l a t i o n s h i p s on the outcome of t h i s behaviour. 

The types of r e l a t i o n s h i p a f f o r d e d s i b l i n g s were, f i r s t , 

' s o c i a l ' r e l a t e d n e s s , where i n d i v i d u a l s remained together 

during puberty, and second, ' g e n e t i c ' relo-tedness, where 

i n d i v i d u a l s were f u l l s i b l i n g s , r=0.5. The e f f e c t s of 

s o c i a l and/or g e n e t i c r e l a t e d n e s s on the time of mating, 

as i n d i c a t e d by time of l i t t e r b i r t h , and on the number of 

pups born were i n v e s t i g a t e d . Both these measures have 

been shown to be a f f e c t e d by inb r e e d i n g , r e l a t e d 

i n d i v i d u a l s being i n h i b i t e d from mating, f o r example, 

Hoogland (1982) and producing fewer o f f s p r i n g when mating 

does take p l a c e , f o r example, K i n c a i d (1976). I t was 

hyp o t h e s i s e d t h a t i f s o c i a l and/or g e n e t i c r e l a t e d n e s s was 

important for inbreeding avoidance i n the r a t , then 

s i b l i n g s so r e l a t e d would show a dela y i n rep r o d u c t i o n 

and/or fewer pups being born. 
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10.4.1 
S u b j e c t s 

E l e v e n l i t t e r s of Sprague-Dawley a l b i n o r a t s born to 

u n r e l a t e d p a r e n t s were used i n t h i s experiment. The day 

the pups were born was termed day 0 and on day 2 a l l 

l i t t e r s were c u l l e d to 8, 4 males and 4 females and p l a c e d 

i n t o one of two r e a r i n g c o n d i t i o n s . 

Rearing C o n d i t i o n 1; Three l i t t e r s were p l a c e d i n t h i s 

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

f o r the d u r a t i o n of the experiment. 

Rearing C o n d i t i o n 2; E i g h t l i t t e r s of r a t s were p l a c e d i n 

t h i s c o n d i t i o n . Each l i t t e r was numbered 1-8 and pups i n 

each l i t t e r marked a c c o r d i n g l y (marking took the form of 

w r i t i n g the a p p r o p r i a t e number on the back of the r a t ) . 

The l i t t e r s were then rearranged to form 8 new l i t t e r s 

each c o n t a i n i n g one member from the 8 o r i g i n a l l i t t e r s . 

R ats were then l e f t i n these l i t t e r s f o r the d u r a t i o n of 

the experiment. 

Rats were marked d a i l y with a bl a c k C a r i o c a f e l t t i p 

pen u n t i l day 12 and then marked with a l c o h o l i c P i c r i c 

a c i d when n e c e s s a r y . Food and water were f r e e l y a v a i l a b l e 

and the r a t s were kept on a 12 hour l i g h t / d a r k c y c l e , 

d arkness commencing a t 1200 hours. Rats were kept i n 

p l a s t i c Bowman's cages (16"xl2"x7 1 1) and were weaned a t 25 

days of age. 
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10.4.2 
Procedure 

On day 40 a l l r a t s were housed i n d i v i d u a l l y f o r 24 

hours i n N.K.P. cages (12"x5"x5") with food and water 

f r e e l y a v a i l a b l e . A f t e r 24 hours of i s o l a t i o n r a t s were 

r e p l a c e d i n Bowman's cages i n groups of 4, 2 males and 2 

females, according to one of 4 t e s t c o n d i t i o n s . 

C o n d i t i o n 1: SG. Rats i n t h i s c o n d i t i o n were p l a c e d w i t h 

i n d i v i d u a l s with whom they had been r e a r e d u n t i l day 40, 

s o c i a l l y r e l a t e d , and who were t h e i r s i b l i n g s , g e n e t i c a l l y 

r e l a t e d . 

C o n d i t i o n 2; SG. Rats i n t h i s c o n d i t i o n were p l a c e d with 

r a t s with whom they had been reared u n t i l day 40 but who 

were g e n e t i c a l l y u n r e l a t e d . 

C o n d i t i o n 3: SG. Rats i n t h i s c o n d i t i o n were p l a c e d with 

r a t s who were t h e i r s i b l i n g s but from whom they had been 

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

u n r e l a t e d . 

C o n d i t i o n 4; SG. T h i s group was used as a c o n t r o l and 

co n t a i n e d r a t s n e i t h e r s o c i a l l y nor g e n e t i c a l l y r e l a t e d . 

F i v e groups of 4 r a t s were used i n each c o n d i t i o n . 

The r a t s were l e f t i n thes e groups and checked d a i l y 

f o r b i r t h of l i t t e r s . A f t e r the f i r s t l i t t e r was born 
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cages were checked twice d a i l y . When a l i t t e r was born 

the mother and l i t t e r were removed from the cage and 

rehoused s e p a r a t e l y . The date the l i t t e r was born was 

recorded, and the number of pups born a l s o noted. The 

experiment continued u n t i l a l l females had g i v e n b i r t h . 

10.4.3 
A n a l y s i s 

Two s c o r e s were obtained for each female. F i r s t the 

age of the female a t the time of l i t t e r b i r t h , and second, 

the number of pups born a l i v e i n each l i t t e r . Both s c o r e s 

were kept s e p a r a t e and a n a l y s e d using an a n a l y s i s of 

v a r i a n c e (ANOVA) for f a c t o r s of s o c i a l and g e n e t i c 

r e l a t e d n e s s (see Winer, 1962). 

10.4.4 
R e s u l t s 

10.4.4.1 
The age of the female a t p a r t u r i t i o n 

The ANOVA (see t a b l e 10.1 f o r summary) i n d i c a t e d a 

s i g n i f i c a n t e f f e c t of s o c i a l r e l a t e d n e s s (F= 6.9781, df 

1,36, p=0.0117), i n d i v i d u a l s who were s o c i a l l y r e l a t e d 

producing t h e i r l i t t e r a t a l a t e r age (mean 88.8 days of 

age) than those i n d i v i d u a l s not s o c i a l l y r e l a t e d (mean 

83.7 days of a g e ) . There was no e f f e c t of g e n e t i c 

r e l a t e d n e s s (F=0.1112, df 1,36, p=0.7398) nor an 

i n t e r a c t i o n e f f e c t (F=0.3480, df 1,36, p=0.5657). 
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TABLE 10.1 

E f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on the age of 
female a t p a r t u r i t i o n . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 1650.9750 

S 1 265.2250 265.2250 6. 9781 0.0117 
G 1 4.2250 4.2250 0. 1112 0.7398 
S x G 1 13.2250 13.2250 0. 3480 0.5672 

ERROR 36 1368.3000 38.0083 

WITHIN CELLS 0 0.0 

S = S o c i a l r e l a t e d n e s s . 
G - G e n e t i c r e l a t e d n e s s 
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10.4.4.2 
The number of pups born 

The ANOVA (see t a b l e 10.2 f o r summary) i n d i c a t e d 

t h e r e to be no s i g n i f i c a n t e f f e c t of s o c i a l r e l a t e d n e s s 

(F=0.8694, df 1,36, p=0.6400), g e n e t i c r e l a t e d n e s s 

(F=0.1852, df 1,36, p=0.6730) or an i n t e r a c t i o n e f f e c t 

(F=0.4167, df=l,36, p=0.5295). The number of pups born 

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

s o c i a l r e l a t e d n e s s . 

I n summary, the r e s u l t s of t h i s experiment i n d i c a t e 

t h a t r a t s who have been i n c o n t a c t with each other from 

days 2 - 4 0 tend to produce l i t t e r s a t a l a t e r age than 

those separated during t h i s time p e r i o d . There seems to 

be no e f f e c t of g e n e t i c r e l a t e d n e s s , nor once 

f e r t i l i z a t i o n has taken p l a c e does there seem to be an 

e f f e c t of s o c i a l or g e n e t i c r e l a t e d n e s s . 

10.4.5 
D i s c u s s i o n 

T h i s study demonstrates t h a t s o c i a l exposure of 

i n d i v i d u a l s p r e p u b e r a l l y l e a d s to a d e l a y i n the l i t t e r 

p r o d u c t i o n by these i n d i v i d u a l s compared to those 

i n d i v i d u a l s not s o c i a l l y exposed p r e p u b e r a l l y . There 

appears to be no a f f e c t of g e n e t i c r e l a t e d n e s s on l i t t e r 

p r o d u c t i o n and t h i s may be due to the f a c t t h a t a t t h i s 

age i n d i v i d u a l s only g e n e t i c a l l y r e l a t e d no longer p r e f e r 

t h e i r s i b l i n g s (see Chp. 3, s e c t i o n 3 . 7 ) . There was no 

e f f e c t of r e l a t e d n e s s on number of pups born. 
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TABLE 10.2 

The e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on the number 
of pups born i n each l i t t e r . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 728.4000 

S 1 16.9000 16,9000 0. 8694 0.6400 
G 1 3.6000 3.6000 0. 1852 0.6730 
S x G 1 8.1000 8.1000 0. 4167 0.5295 

ERROR 36 699.8000 19.4389 

WITHIN CELLS 0 0.0 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s 
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The main e f f e c t of t h i s experiment was t h a t 

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

T h i s has a l s o been observed by H i l l (1974) i n the p r a i r i e 

deer mouse, Peromyscus man i c u l a t u s b a i r d i i , where 

i n d i v i d u a l s p a i r e d p r e p u b e r a l l y showed delayed 

r e p r o d u c t i o n when a d u l t compared to i n d i v i d u a l s not 

p r e v i o u s l y exposed to each o t h e r . Both t h i s study and 

H i l l (1974) argue for a b e h a v i o u r a l mechanism to be 

i n v o l v e d i n t h i s d e l a y , and ther e may be a number of 

p o s s i b l e mechanisms to e x p l a i n t h i s . 

I n d i v i d u a l s r e a r e d together may be l e s s s e x u a l l y 

a t t r a c t e d to each other (a hypot h e s i s f i r s t advanced by 

Westermarck (1921) to e x p l a i n the i n c e s t taboo i n man). 

Westermarck (1921) argues for t h i s reduced a t t r a c t i v e n s s 

to be i n s t i n c t i v e , however l a t e r workers argue for 

e x p e r i e n t i a l d e t e r m i n a t i o n and Bateson (1980) proposes 4 

mechanisms which could l e a d to a r e d u c t i o n i n 

a t t r a c t i v e n e s s : a) Punishment. I n d i v i d u a l s c o n s t a n t l y 

exposed to one another compete f o r v a r i o u s r e s o u r e s and 

because they sometimes loos e the other i n d i v i d u a l s become 

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

b) F r u s t r a t i o n . I n d i v i d u a l s e a r l y s e x u a l advances a r e 

thwarted and t h i s l e a d s to f r u s t r a t i o n and these 

i n d i v i d u a l s are avoided i n l a t e r l i f e . A s i m i l a r i d e a was 

proposed by Freud (1913) to e x p l a i n the human i n c e s t 

taboo, s i m i l a r i t y by Fox (1962) . c) Sexual Boredom. 

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

a d o l e s c e n c e and become h a b i t u a t e d to them and when a d u l t 
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are more s t r o n g l y a t t r a c t e d to novel c o n s p e c i f i c s . d) 

A e s t h e t i c h y p o t h e s i s . I n d i v i d u a l s become f a m i l i a r with 

f e l l o w a d o l e s c e n t s and when a d u l t i t i s i n d i v i d u a l s who 

are s l i g h t l y d i f f e r e n t from these t h a t are p r e f e r r e d . A l l 

the above mechanisms r e s u l t i n the s o c i a l l y r e l a t e d 

i n d i v i d u a l s becoming l e s s a t t r a c t i v e . 

Mating behaviour may have been i n t e r f e r e d with by 

other a c t i v i t i e s . I t has p r e v i o u s l y been argued t h a t p l a y 

behaviour h a b i t s e s t a b l i s h e d p r i o r to puberty i n t e r f e r e 

w i t h a d u l t c o p u l a t o r y behaviour i n r a t s (Kagan and Beach 

1953). I t may be t h a t i n d i v i d u a l s who are together f o r 

the p l a y p e r i o d come to a r r i v e a t p a r t i c u l a r kinds of 

behaviour which are p r e f e r r e d , b e h a v i o u r a l matching. Thus 

when r e - i n t r o d u c e d on day 41, the s o c i a l l y r e l a t e d r a t s , 

as they have behaviours i n common can c a r r y on p l a y i n g . 

The u n r e l a t e d r a t s who may not have as many behaviours i n 

common, have to develop other behaviours, mating being one 

of t h e s e , and these i n d i v i d u a l s mate e a r l i e r . 

A f i n a l p o s s i b i l i t y which may e x p l a i n the d e f i c i t i s 

p h y s i o l o g i c a l i n h i b i t i o n , t h a t i s , the animals may e q u a l l y 

w e l l c o p u l a t e but i n s o c i a l l y r e l a t e d animals 

p h y s i o l o g i c a l mechanisms prevent production of young. 

Sexual maturation may be delayed by the presence of 

f a m i l i a r members of the oppo s i t e sex ( c f . , Hoogland, 1982; 

Koenig and P i t e l k a , 1979) . Thejre may be a p r e v e n t i o n of 

f e r t i l i z a t i o n or i m p l a n t a t i o n , or a r e s o r p t i o n of embryos. 
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Thus th e r e are a number of p o s s i b l e mechanisms which 

could d e l a y s i b l i n g mating i n the r a t and a l l o w i n b r e e d i n g 

to be avoided, and I s h a l l c o n s i d e r how t h i s d e l a y i n 

r e p r o d u c t i o n may s e r v e the r a t i n inbreeding avoidance 

l a t e r . F i r s t I s h a l l c o n s i d e r the mating s i t u a t i o n more 

c l o s e l y and a n a l y s e the behaviours o c c u r i n g during t h i s to 

see i f the behaviours e x h i b i t e d are a f f e c t e d by the 

r e l a t e d n e s s of the i n d i v i d u a l s . 

10.5 
THE ROLE OF THE MALE AND FEMALE IN MATING 

T r a d i t i o n a l views of the mating s i t u a t i o n argue t h a t 

the female should be more d i s c r i m i n a t i n g i n her s e x u a l 

behaviour than the male (Barash, 1977). T h i s view a r i s e s 

from a comparison of the investments made by the male and 

female i n mating. Females i n v e s t more s t a r t i n g o f f from 

gamete pro d u c t i o n . I n mammalian s p e c i e s where anisogamy 

i s p r e s e n t , the female gamete i s much l a r g e r than the male 

gamete. Once pregnant, i t i s the females who c a r r y the 

developing embryo and are unable to remate, whereas the 

male can continue mating. From t h i s dichotomy i t has been 

proposed t h a t the female should be more s e l e c t i v e than the 

male ( T r i v e r s , 1972), and t h i s l e a d s to two d i f f e r e n t 

s t r a t e g i e s being proposed f o r the mating behaviour of 

males and females. The male, because he can produce an 

u n l i m i t e d supply of gametes and has the p o t e n t i a l to mate 

with many d i f f e r e n t females, should be expected to do j u s t 

t h a t and mate i n d i s c r i m i n a t e l y w i th as many females as 

p o s s i b l e . Females on the other hand, because of their 
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g r e a t e r investment and l i m i t e d o p p o r t u n i t y to mate, should 

be expected to choose and mate with the b e s t p o s s i b l e 

male. 

Although the female i n v e s t s more and should t h e r e f o r e 

be more s e l e c t i v e , the view t h a t the male i n c u r s t r i v i a l 

c o s t s has been qu e s t i o n e d . Dewsbury (1982) p o i n t s out 

t h a t although one for one the male gamete (sperm) i s 

c o n s i d e r a b l y ' l e s s expensive' than the female gamete 

(egg), male gametes are not produced s i n g l y but i n v a s t 

q u a n t i t i e s (the e j a c u l a t e ) and i t i s t h i s which should be 

compared to the egg. The view t h a t repeated e j a c u l a t i o n s 

have an i n s i g n i f i c a n t e f f e c t on male r e p r o d u c t i v e s u c c e s s 

i s a l s o q u e s t i o n e d . For i n s e m i n a t i o n to occur, the sperm 

count must be high and repeated e j a c u l a t i o n d e c r e a s e s the 

sperm count (e.g., see H a l l i d a y , 1976) and thus d e c r e a s e s 

the l i k e l i h o o d of i n s e m i n a t i o n . Thus although the 

female's investment i n mating i s g r e a t e r than t h a t of the 

male the male's investment i s not t r i v i a l and the male 

does i n c u r c o s t s by engaging i n mating. Inbreeding 

reduces f i t n e s s and as such should be avoided by both 

s e x e s , w i t h the p o s s i b i l t y of the female showing more 

s i g n s of t h i s than the male as her investment i s g r e a t e r . 

T h i s view of the female being more s e l e c t i v e has 

c o l o u r e d the view taken by i n v e s t i g a t o r s s tudying mating 

behaviour i n the r a t . With the male's motives c o n s i d e r e d 

to be to c o p u l a t e and e j a c u l a t e as f a s t as p o s s i b l e to 

a c h i e v e sperm t r a n s m i s s i o n (Dewsbury, 1982) i n v e s t i g a t o r s 
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have viewed the male as being the c o n t r o l l i n g i n f l u e n c e on 

the mating s i t u a t i o n (McClintock, 1974) and a c c o r d i n g l y 

most s t u d i e s of r a t mating behaviour have c o n c e n t r a t e d on 

male determined measures and behaviour. The m a j o r i t y of 

s t u d i e s of r a t mating behaviour have been performed i n the 

l a b o r a t o r y and can be c h a l l e n g e d on two grounds. F i r s t 

and o b v i o u s l y , the behaviour has taken p l a c e i n an 

a r t i f i c i a l p h y s i c a l s e t t i n g with unusual s o c i a l 

c o n d i t i o n s , for example, Dewsbury (1967), s t u d i e d r a t 

mating i n p a i r s , a s i t u a t i o n r a r e l y o c c u r i n g n a t u r a l l y . 

Second, the female i s o f t e n d e s c r i b e d as p a s s i v e when 

th e r e i s evidence t h a t the female p l a y s an a c t i v e r o l e 

(McClintock, 1974). 

The i n d u c t i o n of the p r o g e s t a t i o n a l s t a t e n e c e s s a r y 

to allow i m p l a n t a t i o n of the ova and the maintenance of 

pregnancy r e q u i r e s m u l t i p l e i n t r o m i s s i o n s ( A d l e r , 1969), 

these i n t r o m i s s i o n s being n e c e s s a r y to ensure sperm 

t r a n s p o r t from the vagina to through the c e r v i x i n t o the 

u t e r u s (Chester and Zucker, 1970). However the female 

r e q u i r e s these i n t r o m i s s i o n s to be a p p r o p r i a t e l y spaced or 

the p r o g e s t a t i o n a l s t a t e may not be induced (McClintock, 

1974) and i n t r o m i s s i o n s too soon a f t e r an e j a c u l a t i o n may 

i n h i b i t sperm t r a n s p o r t (Adler and Zoloth, 1970). The 

female adopts an a c t i v e r o l e by the use of s o l i c i t i n g 

behaviour which can induce the male to mate. Using such 

behaviour the female can c o n t r o l the amount and spacing of 

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

the p r o g e s t a t i o n a l s t a t e r e q u i r e d f o r s u c c e s s f u l 
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f e r t i l i z a t i o n (McClintock, 1974). The females a l s o remain 

q u i e s c e n t a f t e r an e j a c u l a t i o n and prevent the i n h i b i t i o n 

of sperm t r a n s p o r t through premature i n t r o m i s s i o n 

(McClintock e t a l . f 1982). I t does t h e r e f o r e seem t h a t 

the female as w e l l as the male e x e r t s an e f f e c t over the 

mating s i t u a t i o n and one may expect both sexes to a c t to 

avoid i n b r e e d i n g . 

10.6 
THE MATING BEHAVIOUR OF RATS 

W h i l s t there have been many s t u d i e s of the mating 

behaviour of r a t s i n the l a b o r a t o r y there have been few 

s t u d i e s of the mating behaviour of r a t s i n the w i l d . 

T e l l e (1966) r e p o r t s t h a t females do not mate with a 

s i n g l e mate but when r e c e p t i v e are followed by a number of 

males which may mate with her. 

I n c o n t r a s t to the s c a r c i t y of the n a t u r a l i s t i c 

o b s e r v a t i o n s , the mating behaviour of r a t s has been w e l l 

documented i n the l a b o r a t o r y . For a more thorough and 

comprehensive study of r a t mating behaviour r e a d e r s a r e 

r e f e r r e d to B a r n e t t (1975), Beach (1956), Dewsbury (1967), 

Diakow (1975), Grant and Mcintosh (1963), McClintock 

(1974), Munn (1950), Sachs and B a r f i e l d (1976) and 

r e f e r e n c e s t h e r e i n . 

T y p i c a l l y the mating behaviour of r a t s commences with 

a p e r i o d of i n v e s t i g a t o r y behaviour, i n which both sexes 

s n i f f each o t h e r , c o n c e n t r a t i n g on the a n o g e n i t a l r e g i o n . 
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The male then c h a s e s the female, who may respond w i t h a 

d a r t hop, the male then mounts the female g r i p p i n g her 

s i d e s and the female adopts the l o r d o s i s p o s i t i o n . The 

male then may then produce a s e r i e s of r a p i d p e l v i c 

t h r u s t s , an i n t r o m i s s i o n , terminated by r a p i d dismounting. 

A f t e r a number of i n t r o m i s s i o n s , o f t e n s e p a r a t e d by 

s n i f f i n g or l i c k i n g of the a n o g e n i t a l r e g i o n by the male, 

and sometimes the female, the male e j a c u l a t e s . A f t e r 

e j a c u l a t i o n the male undergoes a p e r i o d of qu i e s e n c e where 

he i s unable to mate, the a b s o l u t e r e f r a c t o r y p e r i o d . 

A f t e r a time the male i s ab l e to commence mating and the 

sequence i s repeated, however the r e i s no i n v e s t i g a t o r y 

behaviour. 

10.7 

EXPERIMENT 10.2: 

INBREEDING AVOIDANCE IN THE RAT: THE EFFECT OF DIFFERENT 

PREPUBERAL RELATIONSHIPS ON THE BEHAVIOUR OF THE 

MALE AND FEMALE DURING MATING 

I n t h i s experiment i t was decided to i n v e s t i g a t e more 

c l o s e l y the mating behaviour of ' s i b l i n g ' r a t s to see i f 

they showed s i g n s of inbr e e d i n g avoidance. The e f f e c t of 

s o c i a l and/or g e n e t i c r e l a t e d n e s s on the ' s i b l i n g s ' 

behaviour was examined. S o c i a l r e l a t e d n e s s r e f e r s to pups 

which had been i n c o n t a c t p r i o r to the time of t e s t i n g and 

g e n e t i c r e l a t e d n e s s r e f e r s to whether the pups were 

s i b l i n g s ( r = 0 . 5 ) . Four t e s t c o n d i t i o n s were used, 

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

(SG) , i n d i v i d u a l s only s o c i a l l y r e l a t e d (SG), i n d i v i d u a l s 
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only g e n e t i c a l l y r e l a t e d (SG), and a c o n t r o l c o n d i t i o n i n 

which i n d i v i d u a l s were n e i t h e r s o c i a l l y or g e n e t i c a l l y 

r e l a t e d (SG). 

The behaviour of the i n d i v i d u a l s was d i v i d e d i n t o 

t h r e e c a t a g o r i e s , i n v e s t i g a t o r y behaviour, male determined 

behaviour and female determined behaviour. I t was 

hyp o t h e s i s e d t h a t as the female i n v e s t s more than the male 

one may expect more s i g n s of inbreeding avoidance to be 

n o t i c e d i n female determined behaviour, however as the 

male a l s o i n v e s t s i n mating there may a l s o be some e f f e c t s 

i n male determined behaviour. 

Rats were observed i n t r i o s , two females and a s i n g l e 

male. The male and one female (the r e l a t e d female, R) 

were r e l a t e d by one of the four t e s t c o n d i t i o n s . The 

other female (the u n r e l a t e d female, R) was u n r e l a t e d both 

s o c i a l l y and g e n e t i c a l l y to the other r a t s . T r i o s were 

used because although not mimicing the n a t u r a l s i t u a t i o n 

i t may al l o w s i g n s of inbreeding avoidance to be observed. 

I t a l l o w s the male to d i r e c t h i s behaviour to one or other 

female, and comparison of the behaviour of each female may 

i n d i c a t e a d i f f e r e n c e i n t h e i r behaviour to the male. 

The e f f e c t s of inbreeding avoidance may be observed 

i n two ways. F i r s t , t h e r e may be o v e r a l l d i f f e r e n c e s i n 

the behaviour of each t r i o dependent on the r e l a t e d n e s s of 

the p a i r w i t h i n each t r i o . Second, t h e r e may be a 

d i f f e r e n c e w i t h i n t r i o s between the behaviour of the male 
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to the R and R female or i n the behaviour of the R and R 

females to the male. The e f f e c t s of repeated e j a c u l a t i o n s 

on behaviour was a l s o examined, f o r t h i s each t r i o was 

observed for four e j a c u l a t i o n s to see i f t h i s e x e r t e d any 

e f f e c t on behaviour. 

10.7.1 
S u b j e c t s 

Twenty l i t t e r s of Sprague-Dawley r a t s were used i n 

t h i s experiment. A l l l i t t e r s were born i n the Department 

of Psychology, U n i v e r s i t y of Durham, to p a r e n t s o r i g i n a l l y 

s u p p l i e d by B&K (Animal S u p p l i e r s ) L t d . A l l p a r e n t s were 

u n r e l a t e d to each o t h e r . The day each l i t t e r was born was 

termed day 0, each l i t t e r was c u l l e d to 8 members on day 

2, 4 males and 4 females, and p l a c e d i n t o one of 2 r e a r i n g 

c o n d i t i o n s . 

Rearing C o n d i t i o n 1; 12 l i t t e r s were p l a c e d i n t h i s 

c o n d i t i o n , each l i t t e r was l e f t as born and the pups 

remained i n these l i t t e r s f or the d u r a t i o n of the 

experiment. 

Rearing C o n d i t i o n 2; 8 l i t t e r s were p l a c e d i n t h i s 

c o n d i t i o n . L i t t e r s were then rearranged to form 8 new 

l i t t e r s such t h a t each new l i t t e r c ontained one member 

from each of the o r i g i n a l l i t t e r s . These l i t t e r s were 

then l e f t f o r the d u r a t i o n of the experiment. 

A l l pups i n the experiment were marked w i t h a b l a c k 
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C a r i o c a f e l t t i p pen f o r i d e n t i f i c a t i o n from day 2-12 and 

t h e r e a f t e r when n e c e s s a r y with a l c o h o l i c P i c r i c a c i d , 

u n t i l approximately 30 days when a l l r a t s were ear punched 

for i n d i v i d u a l i d e n t i f i c a t i o n . A l l l i t t e r s were housed i n 

p l a s t i c Bowman's cages {16"xl2"xl"), w i t h food and water 

f r e e l y a v a i l a b l e . The r a t s were kept on a 12 hour 

l i g h t / d a r k c y c l e w i t h darkness commencing a t 1200 hours. 

Pups were l e f t with t h e i r mother u n t i l day 25 and then the 

mother was removed and the pups weaned. 

To ensure t h a t the females were e q u a l l y r e c e p t i v e , i t 

was decided to o v a r i e c t o m i z e the females and use hormone 

replacement treatment. Females were o v a r i e c t o m i z e d under 

et h e r a n e s t h e s i a between days 45-55 (see Waynforth, 1980, 

for s u r g i c a l t e c h n i q u e ) . A l l females were l e f t for t h r e e 

days a f t e r the o p e r a t i o n before commencing hormone 

replacement treatment. Females were giv e n O.lcc 

o e s t r a d i o l (10 micrograms o e s t r a d i o l benzoate per O.lcc) 

i n j e c t e d subcuta_neously d a i l y f o r t h r e e days and 

t h e r e a f t e r g i v e n 0.2cc every other day u n t i l the time of 

t e s t i n g . 

A f t e r ovariectomy, the males and females i n each 

l i t t e r were s e p a r a t e d from each other to prevent mating. 

L i t t e r s were rehoused i n 0.5" w i r e mesh st o c k cages 

(Bowman's, 3 3 " x l 6 " x 8 " ) , the stock cages were d i v i d e d i n t o 

2 by a h a l f i n c h w i r e mesh d i v i d i n g w a l l and the males and 

females p l a c e d on e i t h e r s i d e , t h i s allowed the males and 

females to e x p e r i e n c e t h e i r l i t t e r m a t e s but prevented 
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mating. 

10.7.2 
Procedure 

Rats were t e s t e d i n groups of thr e e c o n s i s t i n g of one 

male and two females. I n these t r i o s the male was r e l a t e d 

to one of the females (R) by one of the 4 p o s s i b l e t e s t 

c o n d i t i o n s , the other female (R) was u n r e l a t e d to both 

other r a t s . 

C o n d i t i o n 1; SG. I n t h i s c o n d i t i o n the male and female 

were both s o c i a l l y r e l a t e d (had been r e a r e d together) and 

g e n e t i c a l l y r e l a t e d ( s i b l i n g s ) . 'These r a t s were obtained 

from r e a r i n g c o n d i t i o n 1. 

C o n d i t i o n 2; sS. I n t h i s c o n d i t i o n the male and female 

were only s o c i a l l y r e l a t e d . These r a t s were obtained from 

r e a r i n g c o n d i t i o n 2. 

C o n d i t i o n 3; SG. I n t h i s c o n d i t i o n the male and female 

had been s e p a r a t e d s i n c e day 2 and were thus s o c i a l l y 

u n r e l a t e d but were g e n e t i c a l l y r e l a t e d . These r a t s were 

obtained from r e a r i n g c o n d i t i o n 2. 

C o n d i t i o n 4: SG. I n t h i s c o n d i t i o n the male and female 

were n e i t h e r s o c i a l l y nor g e n e t i c a l l y r e l a t e d and t h i s was 

used as the c o n t r o l c o n d i t i o n . 

Ten t r i o s were used f o r each c o n d i t i o n , and no r a t 
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was used more than once. T e s t i n g took p l a c e i n a c i r c u l a r 

open f i e l d , 90 cm i n diameter, 30 cm high w i t h blackened 

w a l l s . C l e a n shavings were p l a c e d on the f l o o r . P r i o r to 

t e s t i n g a l l animals were h a b i t u a t e d to the arena by 

p l a c i n g them i n d i v i d u a l l y i n the arena f o r 30 minutes. 

A l l t e s t s took p l a c e i n the dark p a r t of the l i g h t i n g 

c y c l e under dim red l i g h t commencing approximately two 

hours a f t e r darkness (1400 h r s . ) and no t e s t was s t a r t e d 5 

hours a f t e r the onset of darkness (1700 h r s . ) . No r a t s 

had any p r i o r c o p u l a t o r y experience and were t e s t e d 

between 80-90 days of age. Each female up u n t i l the time 

of t e s t i n g had r e c e i v e d hormone replacement treatment f o r 

30-32 days, and o b s e r v a t i o n s a t t h i s l a b o r a t o r y i n d i c a t e d 

t h i s to be adequate to make the female r e c e p t i v e . 

For each t e s t the male was p l a c e d i n t o the open f i e l d 

f i r s t and l e f t f o r 5-10 minutes. Both females were then 

i n t r o d u c e d s i m u l t a n e o u s l y i n t o the arena, females were 

marked for i d e n t i f i c a t i o n with an o d o u r l e s s f e l t t i p pen. 

Each t e s t was recorded on video f o r l a t e r a n a l y s i s . A 

video timer was s t a r t e d with the i n t r o d u c t i o n of the 

females to allow the time course of the behaviour to be 

recorded. T e s t i n g continued u n t i l the male achieved four 

e j a c u l a t i o n s and was stopped a f t e r the f i r s t i n t r o m i s s i o n 

a f t e r the f o u r t h e j a c u l a t i o n . 
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10.7.3 
B e h a v i o u r a l A n a l y s i s 

For a n a l y s i s the mating s i t u a t i o n was d i v i d e d i n t o 

t h r e e p e r i o d s . 

The I n t r o d u c t o r y P e r i o d ( I . P . ) : The p e r i o d from the 

i n t r o d u c t i o n of the female i n t o the arena u n t i l the f i r s t 

m o unt/intromission by the male. 

The E j a c u l a t i o n L a t e n c y P e r i o d ( E . L . P . ) ; The p e r i o d from 

the f i r s t mount/intromission i n a mating s e r i e s to the 

e j a c u l a t i o n . 

The P o s t - E j a c u l a t o r y I n t e r v a l ( P . E . I . ) : The p e r i o d 

f o l l o w i n g e j a c u l a t i o n u n t i l the next mount/intromission. 

A mating s e r i e s comprised of an E.L.P. followed by 

the P . E . I . , as r a t s were mated for four s e r i e s t h e r e were 

4 E.L.P.'s and 4 P . E . I . ' s . The f o l l o w i n g behaviours were 

recorded. 

10.7.3.1 
The I n t r o d u c t o r y P e r i o d 

The number of times the male s n i f f e d each female: T h i s 

behaviour was d e f i n e d a f t e r Dewsbury (1967) as o c c u r i n g 

when the male approached the female and s n i f f e d p a r t of 

her body and remained o r i e n t a t e d w i t h h i s head to the 

female's body but not attempting to mount. T h i s behaviour 

c l a s s i f i e d as an i n v e s t i g a t o r y behaviour. 
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The number of times each female s n i f f e d the male: T h i s 

behaviour was d e f i n e d as f o r male s n i f f i n g except t h a t i t 

i s the female who approaches the male and s n i f f s p a r t of 

h i s body. T h i s was l i k e w i s e c l a s s i f i e d as an 

i n v e s t i g a t o r y behaviour. 

10.7.3.2 
The E j a c u l a t i o n Latency P e r i o d 

The time of the f i r s t mount/intromission i n each s e r i e s : 

A mount/intromission was d e f i n e d as the male approaching 

the female from behind, mounting her by p l a c i n g i t s f r o n t 

f e e t on her f l a n k s and the female adopting the l o r d o s i s 

p o s i t i o n , back arched downwards, head and a n a l r e g i o n 

r a i s e d and t a i l d e f l e c t e d to one s i d e . The male then 

produces a s e r i e s of r a p i d p e l v i c t h r u s t s which are 

terminated by a r a p i d s t e p backwards. 

The time of e j a c u l a t i o n i n each s e r i e s : An e j a c u l a t o r y 

response was very s i m i l a r to t h a t of mount/intromission 

except t h a t the p e l v i c t h r u s t i n g c o n t i n u e s f o r longer 

p e r i o d of time (2-3 times l o n g e r , p e r s o n a l o b s e r v a t i o n ) 

and i s terminated by the male ' f a l l i n g ' o f f r a t h e r than a 

r a p i d s t e p backwards. 

The time of e j a c u l a t i o n l a t e n c y : T h i s was the time taken 

from the f i r s t mount/intromission to the e j a c u l a t i o n i n 

each s e r i e s . The above th r e e measures have been 

t r a d i t i o n a l l y regarded as male determined measures of 

s e x u a l behaviour and have been c o n s i d e r e d as such here. 

The female of f i r s t m ount/intromission i n each s e r i e s : 

The female which the male f i r s t mounted/intromitted i n 
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each s e r i e s was recorded. 

The female of e j a c u l a t i o n i n each s e r i e s : The female of 

e j a c u l a t i o n i n each s e r i e s was recorded. 

Number of mount/intromissions to each female: The number 

of m o u n t s / i n t r o m i s s i o n s each female r e c e i v e d was recorded. 

T h i s behaviour was c o n s i d e r e d as mainly male determined 

behaviour. 

The number of times the male s n i f f e d each female: see 

I n t r o d u c t o r y P e r i o d . 

The number of times each female s n i f f e d the male: see 

I n t r o d u c t o r y P e r i o d . 

The number of s o l i c i t a t i o n s used by each female: A 

s o l i c i t a t i o n was d e f i n e d b e h a v i o u r a l l y as the female 

running towards the male, u s u a l l y to i t s head, then 

t u r n i n g ( i f n e c e s s a r y ) and stopping i n f r o n t of the male 

f a c i n g away and then p o s s i b l y hopping forward. The 

episode from running to d a r t hop was c o n s i d e r e d as one 

s o l i c i t a t i o n . T h i s behaviour was regarded as a female 

determined behaviour. 

The number of times each female was n e a r e r : The video was 

h a l t e d every ten seconds and which female was n e a r e s t the 

male recorded. I f the two females were i n c o n t a c t then i t 

was decided to c a l l the females e q u a l l y near. 

10.7.3.3 
The P o s t - e j a c u l a t o r y I n t e r v a l 

The number of times the male s n i f f e d the female: see 

I n t r o d u c t o r y P e r i o d . 

The number of times each female s n i f f e d the male: see 
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I n t r o d u c t o r y P e r i o d . 

The number of s o l i c i t a t i o n s used by each female: see 

E j a c u l a t i o n L a t e n c y P e r i o d . 

The number of times each female was n e a r e r : see 

E j a c u l a t i o n L a t e n c y P e r i o d . 

Time of p o s t - e j a c u l a t o r y i n t e r v a l : The time from 
o 

e j a c u l a t i o n to next m o u n t / i n t r o m i s s y i was recorded f or 

each s e r i e s . 

10.7.4 
A n a l y s i s 

For the purposes of a n a l y s i s each t r i o was c o n s i d e r e d 

as a s i n g l e u n i t . The r e s u l t s were a n a l y s e d by using an 

a n a l y s i s of v a r i a n c e (ANOVA). T h i s experiment 

i n v e s t i g a t e s the e f f e c t s of four f a c t o r s on the v a r i o u s 

behaviours i n v o l v e d i n mating. Two between-trio f a c t o r s : 

s o c i a l r e l a t e d n e s s , (S/S) , and g e n e t i c r e l a t e d n e s s , (G/G) , 

and 2 w i t h i n - t r i o f a c t o r s : female r e l a t e d n e s s , (R/R), and 

mating s e r i e s , ( 1 - 4 ) . 

The time of f i r s t m ount/intromission i n each s e r i e s 

and the time of e j a c u l a t i o n i n each s e r i e s were a n a l y s e d 

u s i n g a 2x2 ANOVA of between-trio f a c t o r s of s o c i a l 

r e l a t e d n e s s and g e n e t i c r e l a t e d n e s s (see Winer, 1962). 

The e f f e c t of s e r i e s , s o c i a l and g e n e t i c r e l a t e d n e s s 

on the time of e j a c u l a t i o n l a t e n c y and the time of the 

p o s t - e j a c u l a t o r y i n t e r v a l was examined by a 2x2x4 ANOVA 

(see Winer, 1962) wit h 2 between-trio f a c t o r s of s o c i a l 
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and g e n e t i c r e l a t e d n e s s and a w i t h i n - t r i o fotcf-or of 

s e r i e s . 

I n the I . P . the number of times the male s n i f f e d 

each female and the number of times each female s n i f f e d 

the male was an a l y s e d by a 2x2x2 ANOVA (see Winer, 1962) 

wit h between-trio f a c t o r s of s o c i a l and g e n e t i c 

r e l a t e d n e s s and a w i t h i n - t r i o f a c t o r of female 

r e l a t e d n e s s . 

The remaining behaviours, the number of times the 

male s n i f f e d each female, and the number of times each 

female s n i f f e d the male, the number of times each female 

s o l i c i t e d the male, the number of times each female was 

nearer i n both the E.L.P. and the P . E . I . , and the number 

of mount/intromissions i n the E.L.P. were a n a l y s e d by a 

2x2x2x4 ANOVA (see Winer, 1962) with between-trio f a c t o r s 

of s o c i a l and g e n e t i c r e l a t e d n e s s and w i t h i n - t r i o f a c t o r s 

of s e r i e s and female r e l a t e d n e s s . 

The female of f i r s t mount/intromission and the female 

of e j a c u l a t i o n were a n a l y s e d s e p a r a t e l y for each of the 

four t e s t c o n d i t i o n s . The number of times the male choose 

the r e l a t e d female (R) i n each s e r i e s and o v e r a l l was 

ana l y s e d by means of a binomial t e s t (see S i e g e l , 1956). 
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10.7.5 
R e s u l t s 

Only d e t a i l s of s i g n i f i c a n t r e s u l t s w i l l be d i s c u s s e d 

below, f u l l summary t a b l e s of the ANOVA's can be found i n 

the appendix, see appendix 10. 

10.7.5.1 
I n t r o d u c t o r y P e r i o d 

The number of times the male s n i f f e d the female: There 

was a s i g n i f i c a n t i n t e r a c t i o n between female r e l a t e d n e s s 

and g e n e t i c r e l a t e d n e s s (F=4.8649, df 1,36, p=0.0319). 

The male s n i f f e d the r e l a t e d female l e s s than the 

u n r e l a t e d female when she was g e n e t i c a l l y r e l a t e d , but 

s n i f f i n g the r e l a t e d female more when not g e n e t i c a l l y 

r e l a t e d (see f i g . 10. 1 ) . 

The number of times each female s n i f f e d the male: There 

was a s i g n i f i c a n t e f f e c t of female r e l a t e d n e s s (F=4.1436, 

df 1,36, p=0.0466), the r e l a t e d female s n i f f i n g the male 

l e s s (mean no. of s n i f f s 1.225) than the u n r e l a t e d female 

(mean no. of s n i f f s 1.800). 

10.7.5.2 
E j a c u l a t i o n L a t e n c y P e r i o d 

The female of f i r s t m ount/intromission: No s i g n i f i c a n t 

e f f e c t s . 

The female of e j a c u l a t i o n : No s i g n i f i c a n t e f f e c t s . 

Time of f i r s t m o unt/intromission i n each s e r i e s : No 

s i g n i f i c a n t e f f e c t s . 

Time of e j a c u l a t i o n i n each s e r i e s : No s i g n i f i c a n t 
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FIGURE 10.1 
Mean number of times the male s n i f f e d the r e l a t e d (R) and 
u n r e l a t e d (R) female i n t r i o s where the r e l a t e d female i s 
e i t h e r g e n e t i c a l l y (G) or n o n - g e n e t i c a l l y (G) r e l a t e d to 
the male during the I . P . 
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e f f e c t s . 

Length of E j a c u l a t i o n l a t e n c y p e r i o d ; There was a 

s i g n i f i c a n t e f f e c t of s e r i e s (F=51.2758, df 3,108, 

p<0.0001). The time to a c h i e v e e j a c u l a t i o n decreased with 

s u c c e s s i v e e j a c u l a t i o n s (see f i g . 10.2) . The e f f e c t 

seems mainly due to a l a r g e d e c r e a s e i n the time to 

e j a c u l a t e a f t e r the f i r s t e j a c u l a t i o n . 

Number of mount/intromissions to each female: There was a 

s i g n i f i c a n t e f f e c t of s e r i e s (F=39.5954, df 3,108, 

p<0.0001), t h e r e being fewer mount/intromissions with 

s u c c e s s i v e e j a c u l a t i o n s (see f i g . 10.3). T h i s decrease 

r e f l e c t s the d e c r e a s i n g time taken to e j a c u l a t e i n 

s u c c e s s i v e s e r i e s ( c f . f i g . 10.2). There was a l s o a 

s i g n i f i c a n t e f f e c t of female r e l a t e d n e s s (F=11.8527, df 

1,36, p=0.0018), r e l a t e d females r e c e i v i n g fewer 

mount/intromissions (mean, 6.575) than u n r e l a t e d females 

(mean, 8.581). 

There were a l s o s i g n i f i c a n t i n t e r a c t i o n s between 

s e r i e s , s o c i a l r e l a t e d n e s s and g e n e t i c r e l a t e d n e s s 

(F=2.9031, df 3,108, p=0.0374, see f i g . 10.4) and between 

female r e l a t e d n e s s , s e r i e s and g e n e t i c r e l a t e d n e s s 

(F=2.8534, df 3,108, p=0.0398, see f i g . 10 . 5 ) . 

O b s e r v a t i o n of the graphs of these i n t e r a c t i o n s ( f i g . 

10.4,10.5) i n d i c a t e s t h a t the r e s u l t s of s e r i e s 1 a r e very 

d i f f e r e n t from those of s e r i e s 2-4 i n numerical s i z e , and 

i t may be t h i s l a r g e d i f f e r e n c e which causes the 

i n t e r a c t i o n e f f e c t s . The ANOVA was thus repeated u s i n g 

log+1 transformed s c o r e s . The main e f f e c t s of f a m i l i a r i t y 
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FIGURE 10.2 
Mean length of e j a c u l a t i o n l a t e n c y p e r i o d i n each mating 
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Mean number of mount/intromissions i n each mating s e r i e s 
d u r i n g the E.L.P. 
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FIGURE 10,4 
Mean number of mount/intromissions given^by the male i n 
t r i o s c o n t a i n i n g an SG, SG, SG, and SG r e l a t e d p a i r i n 
each s e r i e s during the E.L.P. 
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FIGURE 10.5 
Mean number of mount/intromissions g i v e n by the male to 
the r e l a t e d (R) and u n r e l a t e d (R) females when e i t h e r 
g e n e t i c a l l y (G) or n o n - g e n e t i c a l l y (G) r e l a t e d to the male 
i n each s e r i e s during the E.L.P. 
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(F=7.3349, df l , 3 6 f p=0.0100) and s e r i e s (F=52.5922, df 

3,108, p<0.0001) remained. The 3-way i n t e r a c t i o n s were 

e l i m i n a t e d as expected, but t h e r e was an i n t e r a c t i o n 

between s e r i e s and s o c i a l r e l a t e d n e s s (F=3.5607, df 3,108, 

p=0.0165). 

Number of s o l i c i t a t i o n s by each female: There was a 

s i g n i f i c a n t i n t e r a c t i o n between s o c i a l and g e n e t i c 

r e l a t e d n e s s (F=13.9714, df 1,36, p=0.0009), mainly due to 

the low number of s o l i c i t a t i o n s g i ven by t r i o s c o n t a i n i n g 

a lSG p a i r (see f i g . 1 0.6). There was a s i g n i f i c a n t 

e f f e c t of s e r i e s (F=29.3380, df 3,108, p<0.0001), t h e r e 

being fewer s o l i c i t a t i o n s with s u c c e s s i v e e j a c u l a t i o n s 

(see f i g . 10.7) although t h i s seems to be mainly due to a 
t 

l a r g e d ecrease i n s o l i c i t a t i o n s a f t e r the f i r s t 

e j a c u l a t i o n . T h i s d ecrease may r e f l e c t the d e c r e a s e i n 

e j a c u l a t i o n l a t e n c y with s u c c e s s i v e e j a c u l a t i o n s ( c f . 

f i g s . 10.7,10.2). There i s a main e f f e c t of female 

r e l a t e d n e s s (F=17.2330, df 1,36, p=0.0004), the u n r e l a t e d 

female s o l i c i t i n g the male more than the r e l a t e d female 

(mean no. of s o l i c i t a t i o n s 4.925 and 2.531 r e s p e c t i v e l y ) . 

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

between female r e l a t e d n e s s and s o c i a l r e l a t e d n e s s 

(F=19.2696, df 1,36, p=0.0002), where i n s o c i a l l y r e l a t e d 

t r i o s the ' r e l a t e d 1 female s o l i c i t s much l e s s than the 

u n r e l a t e d female, whereas i n n o n - s o c i a l l y r e l a t e d t r i o s , 

t h e r e i s no such d i f f e r e n c e (see f i g . 1 0.8). 

There were a l s o s i g n i f i c a n t i n t e r a c t i o n s between 

female r e l a t e d n e s s and s e r i e s (F=6.3185, df 3,108, 
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Mean number of s o l i c i t a t i o n s g i ven by t r i o s c o n t a i n i n g 
females SG, SG, SG and SG r e l a t e d to the male during the 
E.L.P. 
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FIGURE 10.7 
Mean number of s o l i c i t a t i o n s g i v e n by females during the 
E.L.P. i n each s e r i e s . 
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Mean number pf s o l i c i t a t i o n s g i v e n by the r e l a t e d (R) and 
u n r e l a t e d (R) females i n t r i o s where where the r e l a t e d 
female was e i t h e r was s o c i a l l y (S) or n o n - s o c i a l l y (S) 
r e l a t e d to the male during the E.L.P. 
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p=0.0008), s o c i a l r e l a t e d n e s s , s e r i e s and g e n e t i c 

r e l a t e d n e s s (F=4.8597, df 3,108, p=0.0036) and s e r i e s , 

female r e l a t e d n e s s and s o c i a l r e l a t e d n e s s (F=6.9332, df 

3,108, p=0.0005). Observation o f these graphs, f i g u r e s 

10.9, 10.10, 10.11 r e s p e c t i v e l y , i n d i c a t e s a l a r g e 

numerical d i f f e r e n c e between the scores o b t a i n e d i n s e r i e s 

1 and those i n s e r i e s 2-4 which may account f o r the 

s i g n i f i c a n c e o b t a i n e d from these r e s u l t s . To overcome 

t h i s , the scores were transformed (log+1) and the ANOVA 

repeated. The i n t e r a c t i o n e f f e c t s o f s o c i a l and g e n e t i c 

r e l a t e d n e s s (F=26.3415, df 1,36, p<0.0001), and the main 

e f f e c t of s e r i e s (F=28.4028, df 3,108, p<0.0001) and 

female r e l a t e d n e s s (F=24.8622, df 1,36, p=0.0001) and the 

i n t e r a c t i o n between female r e l a t e d n e s s and s o c i a l 

r e l a t e d n e s s (F=18.2735, df 1,36, p=0.0003; were s t i l l 

p r e s e n t . The i n t e r a c t i o n s c o n t a i n i n g a s e r i e s f a c t o r have 

now disappeared upholding the view these r e s u l t s were due 

t o the l a r g e numerical discrepancy between the r e s u l t s i n 

s e r i e s 1 and s e r i e s 2-4. The new a n a l y s i s a l s o produced a 

s i g n i f i c a n t e f f e c t o f g e n e t i c r e l a t e d n e s s (F=*6.8776, df 

1,36, p=0.0122) , g e n e t i c a l l y r e l a t e d t r i o s g i v i n g fewer 

s o l i c i t a t i o n s than n o n - g e n e t i c a l l y r e l a t e d t r i o s . 

The number of times the male s n i f f e d each female: There 

was a s i g n i f i c a n t e f f e c t o f s e r i e s (F-64.9491, df 3,108, 

p<0.0001), t h e r e being a decrease i n s n i f f i n g w i t h 

successive e j a c u l a t i o n s (see f i g . 10.12). This decrease 

i s l a r g e s t between s e r i e s 1 and s e r i e s 2-4 and r e f l e c t s 

the decrease i n e j a c u l a t i o n l a t e n c y w i t h successive 

e j a c u l a t i o n s ( c f . f i g . 10.2, 10.12). 
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Mean number^of s o l i c i t a t i o n s g i v e n by the r e l a t e d (R) and 
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FIGURE 10.10 
Mean number of s o l i c i t a t i o n s g i v e n by t h e females i n t r i o s 
c o n t a i n i n g a SG, SG, §G, and SG r e l a t e d p a i r d u r i n g t h e 
E.L.P. i n each s e r i e s . 
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FIGURE 10.11 
Mean number of s o l i c i t a t i o n s by r e l a t e d (R) and u n r e l a t e d 
(R) females i n t r i o s where the r e l a t e d female was e i t h e r 
s o c i a l l y (S) or n o n - s o c i a l l y (S) r e l a t e d t o the male i n 
each s e r i e s d u r i n g the E.L.P. 
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The number of times each female s n i f f e d the male: There 

was a s i g n i f i c a n t e f f e c t o f s o c i a l r e l a t e d n e s s (F=6.6210, 

df 1,36, p=0.0137), s o c i a l l y r e l a t e d t r i o s s n i f f i n g l e s s 

than n o n - s o c i a l l y r e l a t e d t r i o s (mean no. of s n i f f s , 

4.156, 6 . 0 8 1 , r e s p e c t i v e l y . There was a s i g n i f i c a n t e f f e c t 

of s e r i e s (F=93.0305, df 3,108, p<0.0001), t h e r e being a 

decrease i n the amount of s n i f f i n g w i t h successive 

e j a c u l a t i o n s (see f i g . 10.13), the l a r g e s t decrease 

o c c u r i n g a f t e r s e r i e s 1 and probably r e f l e c t i n g the 

decrease i n e j a c u l a t i o n l a t e n c y w i t h successive 

e j a c u l a t i o n s ( c f . f i g s . 10.13, 10.2). 

There were a l s o s i g n i f i c a n t i n t e r a c t i o n s between 

s e r i e s and s o c i a l r e l a t e d n e s s (F=6.9982, df 3,108, 

p=0.0004) and between female r e l a t e d n e s s , s e r i e s and 

g e n e t i c r e l a t e d n e s s (F=4.2589, df 3,108, p=0.0072). 

Observation of the graphs of these i n t e r a c t i o n s ( f i g s . 

10.14, 10.15) i n d i c a t e s t h a t t h e r e are l a r g e numerical 

d i s c r e p a n c i e s between the scores on s e r i e s 1 and the 

scores on s e r i e s 2-4 and as i n previous instances t h i s may 

be causing the e f f e c t . The ANOVA was repeated using 

(log+1) transformed scores. Again ther e were s i g n i f i c a n t 

main e f f e c t s of s o c i a l r e l a t e d n e s s (F=8.6573, df 1,36, 

p=0.0058) and s e r i e s (F=111.9328, df 3,108, p<0.0001), 

however t h e r e were no i n t e r a c t i o n e f f e c t s , i n d i c a t i n g the 

l a r g e numerical discrepancy may have accounted f o r these 

r e s u l t s . 

The number of times each female was nearer: There was a 

s i g n i f i c a n t e f f e c t o f s e r i e s (F=43.0691, d f 3,108, 
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FIGURE 10.15 
Mean number of times the r e l a t e d (R) and u n r e l a t e d (R) 
female s n i f f e d the male when the r e l a t e d female was e i t h e r 
g e n e t i c a l l y (G) or n o n - g e n e t i c a l l y (G) r e l a t e d t o the male 
i n each s e r i e s d u r i n g t h e E.L.P. 
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p<0.0001), the number of times the females were nearer 

decreasing w i t h successive e j a c u l a t i o n s (see f i g . 10.16). 

T h i s r e f l e c t s the decreasing time taken t o e j a c u l a t e w i t h 

successive e j a c u l a t i o n s ( c f . f i g s . 10.16, 10.2). 

10.7.5.3 
P o s t - e j a c u l a t o r y I n t e r v a l 

Length of p o s t - e j a c u l a t o r y i n t e r v a l ; There was a 

s i g n i f i c a n t e f f e c t of s e r i e s (F=55.7325, df 3 f108, 

p<0.0001), the time taken t o recover from successive 

e j a c u l a t i o n s i n c r e a s i n g (see f i g . 10.17). 

The number of times each female s n i f f e d the male: There 

was a s i g n i f i c a n t e f f e c t o f s e r i e s (F=19.2921, df 3,108, 

p<0.0001), the amount of s n i f f i n g decreasing w i t h 

successive e j a c u l a t i o n s (see f i g . 10.18). 

The number of times the male s n i f f e d each female; There 

was a s i g n i f i c a n t e f f e c t of s o c i a l r e l a t e d n e s s (F=7.2058, 

df 1,36, p=0.0106). Males i n t r i o s c o n t a i n i n g a s o c i a l l y 

r e l a t e d female s n i f f i n g more (mean no. of s n i f f s , 3.475) 

than males i n t r i o s w i t h o u t a s o c i a l l y r e l a t e d female 

(mean no. of s n i f f s , 1.656). 

Number of s o l i c i t a t i o n s used by each female; There was a 

s i g n i f i c a n t i n t e r a c t i o n between s o c i a l and g e n e t i c 

r e l a t e d n e s s (F=11.5991, df 1,36, p=0.0020), probably due 

t o the s m a l l amount of s o l i c i t a t i o n s used by females i n 

the SG t r i o s (see f i g . 10.19). There was a s i g n i f i c a n t 

e f f e c t o f female r e l a t e d n e s s (F=15.3941, df 1,36, 

p=0.0006), the r e l a t e d female g i v i n g fewer s o l i c i t a t i o n s 

(mean no. of s o l i c i t a t i o n s , 1.594) than the u n r e l a t e d 
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FIGURE 10.16 
Mean number of times females were nearer i n each s e r i e s 
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FIGURE 10.17 
Mean l e n g t h of the P.E.I. i n each s e r i e s i n minutes. 
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Mean number o f s o l i c i t a t i o n s ̂ by females i n t r i o s 
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female (mean no. o f s o l i c i t a t i o n s , 3.125). T h i s e f f e c t 

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

female r e l a t e d n e s s and s o c i a l r e l a t e d n e s s (F=22.9279, df 

1,36, p=0.0001), i n s o c i a l l y r e l a t e d t r i o s the r e l a t e d 

female gave fewer s o l i c i t a t i o n s than the u n r e l a t e d female 

which i s not the case i n the n o n - s o c i a l l y r e l a t e d t r i o s 

(see f i g . 10.20). 

The number o f times each female was nearer: There was a 

s i g n i f i c a n t e f f e c t o f s e r i e s (F=33.8710, d f 3,108, 

p<0.0001), the females being nearer more o f t e n w i t h 

successive e j a c u l a t i o n s (see f i g . 10.21), t h i s r e f l e c t s 

the i n c r e a s i n g l e n g t h o f the P.E.I. w i t h successive 

e j a c u l a t i o n s . 

10.7.6 

Di s c u s s i o n 

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

evidence t h a t r a t s make attempts t o av o i d i n b r e e d i n g . I n 

t h i s d i s c u s s i o n I s h a l l f i r s t consider the v a r i o u s 

behaviours showing an i n d i c a t i o n o f i n b r e e d i n g avoidance 

and then consider the e f f e c t s o f s o c i a l and g e n e t i c 

r e l a t e d n e s s on these. 
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10.7.6.1 
I n v e s t i g a t o r y Behaviour 

The i n v e s t i g a t o r y behaviour o f of these r a t s d i d show 

signs t h a t they were able t o recognise t h e i r p a r t n e r s . I n 

the i n t r o d u c t o r y p e r i o d , male r a t s were able t o 

d i s c r i m i n a t e between a s i b l i n g (r=0.5) female and an 

u n r e l a t e d female, and i n v e s t i g a t e d the u n r e l a t e d female 

more. S i m i l a r l y i n t h i s p e r i o d the females show signs of 

being able t o recognise the male, the r e l a t e d female 

s n i f f i n g the male l e s s than the u n r e l a t e d female. 

I n the E.L.P. the male shows no signs of 

d i s c r i m i n a t o r y behaviour, although o v e r a l l the males show 

l e s s s n i f f i n g w i t h successive e j a c u l a t i o n s . This decrease 

i n s n i f f i n g i s probably due t o the decrease i n time of the 

E.L.P. over successive e j a c u l a t i o n s . The mean number of 

s n i f f s per s e r i e s i n the E.L.P. can be d i v i d e d by the 

time of t h e i r r e s p e c t i v e E.L.P.'s t o o b t a i n s n i f f i n g r a t e 

(see f i g . 10.22). Observation of t h i s graph i n d i c a t e s a 

drop a f t e r the f i r s t e j a c u l a t o r y s e r i e s , then a l e v e l l i n g 

o f f . T h i s drop may i n d i c a t e h a b i t u a t i o n t o the females, 

a f t e r the f i r s t e j a c u l a t i o n the male has become f a m i l i a r 

w i t h the both females and t h e r e f o r e i n v e s t i g a t e s them 

l e s s . A s i m i l a r e x p l a n a t i o n may e x p l a i n an almost 

i n d e n t i c a l drop i n the female s n i f f i n g r a t e a f t e r the 

f i r s t e j a c u l a t i o n (see f i g . 10.22). The females i n 

c o n t r a s t t o the males do show some d i s c r i m i n a t o r y 

i n v e s t i g a t o r y behaviour, and t r i o s c o n t a i n i n g a s o c i a l l y 

r e l a t e d p a i r show l e s s i n v e s t i g a t o r y behaviour than t r i o s 
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FIGURE 10.22 
S n i f f i n g r a t e of male and females i n each s e r i e s d u r i n g 
the E.L*P. and P.E.I. 
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not c o n t a i n i n g a s o c i a l l y r e l a t e d p a i r . T h i s may be due 

t o the f a c t t h a t the r e l a t e d female need not spend much 

time i n v e s t i g a t i n g the male as she i s f a m i l i a r w i t h him 

and needs o n l y t o i n v e s t i g a t e the u n r e l a t e d female and the 

u n r e l a t e d female i s c o n f r o n t e d by two s i m i l a r s m e l l i n g 

i n d i v i d u a l s through possession of a group odour ( B a r n e t t , 

1975; Thor, 1979), which may ease r e c o g n i t i o n . Thus f o r 

each female i n a s o c i a l l y r e l a t e d t r i o she may o n l y have 

t o i n v e s t i g a t e one odour whereas females i n n o n - s o c i a l l y 

r e l a t e d t r i o s may have t o i n v e s t i g a t e two. 

I n the P.E.I, the s i t u a t i o n i s reversed. The female 

shows no d i s c r i m i n a t o r y behaviour, but shows a decrease i n 

her s n i f f i n g across s e r i e s (see f i g . 10.22). The male 

a l s o shows signs o f a s l i g h t decrease i n s n i f f i n g across 

s e r i e s (see f i g . 10.22). The male shows signs of 

d i s c r i m i n a t o r y behaviour, males i n t r i o s w i t h a s o c i a l l y 

r e l a t e d p a r t n e r s n i f f more than males i n t r i o s not 

c o n t a i n i n g a s o c i a l l y r e l a t e d female, the reverse of the 

s i t u a t i o n shown by females i n the E.L.P. 

There are two issues r a i s e d from these r e s u l t s . 

F i r s t , why do females s n i f f l e s s i n s o c i a l l y r e l a t e d t r i o s 

than i n n o n - s o c i a l l y r e l a t e d t r i o s , whereas the males 

s n i f f more. T h i s may be because a female i n a t r i o i s 

presented w i t h a choice o f 2 i n d i v i d u a l s d i f f e r i n g i n sex 

as w e l l as on r e l a t e d n e s s : t h i s sex d i f f e r e n c e may make 

i n v e s t i g a t i o n and r e c o g n i t i o n o f t r i o mates e a s i e r . The 

males on t h e oth e r hand have t o d i s c r i m i n a t e between 



PAGE 89 

i n d i v i d u a l s of the same sex d i f f e r i n g on r e l a t e d n e s s and 

the i d e n t i c a l sex o f the two t r i o mates may make 

r e c o g n i t i o n more d i f f i c u l t t o achieve than i n the case of 

i n d i v i d u a l s o f d i f f e r e n t sexes and r e q u i r e more 

i n v e s t i g a t i o n . 

The second issue r a i s e d i s why the females show 

evidence of d i s c r i m i n a t o r y behaviour i n the E.L.P. 

whereas the males e x h i b i t i t d u r i n g the P.E.I. Such 

behaviour may r e f l e c t the d i f f e r e n t s t r a t e g i e s o f the male 

and female i n mating. The male's s t r a t e g y i s t o mate as 

r a p i d l y as p o s s i b l e . Thus i t would be expected t h a t when 

able t o mate, d u r i n g the E.L.P., the male would 

c o n c e n t r a t e on mating w i t h o u t l o s i n g time on i n v e s t i g a t o r y 

behaviour. The female on the other hand can be 

impregnated d u r i n g the E.L.P. and t h e r e f o r e may be 

expected t o show signs of i n v e s t i g a t o r y behaviour t o 

i d e n t i f y her mate and take a v o i d i n g a c t i o n i f necessary. 

I n the P.E.I, the s i t u a t i o n i s d i f f e r e n t . The male i s 

incapable of mating and s i g n a l s t h i s t o the female by 

means of u l t r a s o u n d {Anisko e t a l . , 1978). The female i s 

t h e r e f o r e ' s a f e 1 from being impregnated and need not 

i n v e s t i g a t e the male. Also a f t e r e j a c u l a t i o n the female 

r e q u i r e s a p e r i o d o f quiesence t o ensure s u c c e s s f u l 

impregnation (McClintock e t a l . , 1982) and t h i s t o o may 

r e s t r i c t her i n v e s t i g a t o r y behaviour ensuring she does not 

arouse the male t o begin mating t o o e a r l y . The male 

cannot mate d u r i n g t h i s p e r i o d and may use the time t o 

i n v e s t i g a t e the females w h i l s t not l o s i n g any time which 
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c o u l d be devoted t o r e p r o d u c t i o n . 

The r e s u l t s suggest t h a t the males and females do 

show signs of d i s c i m i n a t i v e i n v e s t i g a t o r y behaviour and 

t h i s i s l i n k e d t o the type o f r e p r o d u c t i v e s t r a t e g y used 

by both the male and female. 

10.7.6.2 
Male Determined Behaviour 

There seemed t o be l i t t l e evidence of male determined 

behaviour showing signs of i n b r e e d i n g avoidance. The 

female of f i r s t m o u n t / i n t r o m i s s i o n and e j a c u l a t i o n i n each 

s e r i e s , the time of f i r s t m o u n t / i n t r o m i s s i o n and 

e j a c u l a t i o n i n each s e r i e s showed no d i f f e r e n c e between 

d i f f e r e n t l y r e l a t e d t r i o s . There seemed t o be l i t t l e 

e f f e c t of the r e l a t e d n e s s of the female on the behaviour 

o f the male. 

The l e n g t h of the e j a c u l a t i o n l a t e n c y decreased w i t h 

successive e j a c u l a t i o n s and supports p r e v i o u s work 

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

numbers of e j a c u l a t i o n s (e.g., see Beach and Jordan, 

1956), the m o u n t / i n t r o m i s s i o n r a t e however increased w i t h 

successive e j a c u l a t i o n s . The l e n g t h of the P.E.I, 

increased w i t h successive e j a c u l a t i o n s and again t h i s 

supports previous work (e.g., Karen and B a r f i e l d , 1975). 

Although the male showed no evidence of i n b r e e d i n g 

avoidance on measures r e l a t i n g t o the time course of 
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mating t h e r e was evidence of i n b r e e d i n g avoidance i n the 

number of m o u n t / i n t r o m i s s i o n s g i v e n t o each female. The 

male g i v i n g fewer m o u n t / i n t r o m i s s i o n s t o the r e l a t e d 

female than t o the u n r e l a t e d female. T h i s e f f e c t seems 

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

However i t should be noted t h a t a l t h ough the u n r e l a t e d 

female r e c e i v e d more m o u n t / i n t r o m i s s i o n s , t h e r e was l i t t l e 

d i f f e r e n c e i n the d i s t r i b u t i o n o f e j a c u l a t i o n s , the 

u n r e l a t e d female r e c e i v i n g 51.875%, (83/160), e j a c u l a t i o n s 

and the r e l a t e d female 48.125%, (77/160), e j a c u l a t i o n s . 

10.7.6.3 
Female Determined Behaviour 

The o n l y female determined behaviour considered i n 

t h i s experiment was t h a t o f s o l i c i t i n g and i t i s t h i s 

behaviour which shows most signs of i n b r e e d i n g avoidance. 

I n both the E.L.P. and the P.E.I, the r e l a t e d female 

gave fewer s o l i c i t a t i o n s than the u n r e l a t e d female. T h i s 

e f f e c t i s s t r o n g e s t i n s o c i a l l y r e l a t e d t r i o s , where i f 

the t r i o c o ntained a s o c i a l l y r e l a t e d p a i r t h e r e was a 

l a r g e d i f f e r e n c e i n the number of soli c i t a t i o n s g i v e n by t h e 

r e l a t e d and u n r e l a t e d female (the u n r e l a t e d female g i v i n g 

more) and very l i t t l e d i f f e r e n c e i n t r i o s r o t c o n t a i n i n g a 

s o c i a l l y r e l a t e d p a i r . Thus i t appears females do 

p r a c t i c e i n b r e e d i n g avoidance and do not s o l i c i t r e l a t e d 

males e s p e c i a l l y those s o c i a l l y r e l a t e d . 

I n both the E.L.P. and the P.E.I. t h e r e was an 

i n t e r a c t i o n e f f e c t between s o c i a l and g e n e t i c r e l a t e d n e s s 
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on the number of s o l i c i t a t i o n s g i v e n . T h i s seems t o be 

due i n both cases t o the low number o f s o l i c i t a t i o n s g i v e n 

by the females i n the SG c o n d i t i o n . T h i s may a l s o account 

f o r the s i g n i f i c a n t main e f f e c t o f g e n e t i c r e l a t e d n e s s i n 

the E.L.P. using (log+1) transformed scores. Why then 

should t h e r e be fewer s o l i c i t a t i o n s g i v e n i n the SG 

c o n d i t i o n ?. A comparison o f the d i f f e r e n c e i n the number 

of s o l i c i t a t i o n s g i v e n t o the male by the r e l a t e d and 

u n r e l a t e d female r e v e a l s t h a t a l t h ough more s o l i c i t a t i o n s 

are g i v e n by the u n r e l a t e d female i n SG, SG, and SG 

c o n d i t i o n s , the d i f f e r e n c e i s much smaller i n the SG 

c o n d i t i o n than i n the SG and SG c o n d i t i o n s (1.625, 5.450, 

4.400 r e s p e c t i v e l y i n the E.L.P. and 0.425, 3.65, 3.15 

r e s p e c t i v e l y i n the P.E.I.), which i s suggestive of a l a c k 

o f d i s c r i m i n a t i o n by the females i n t h i s c o n d i t i o n i n 

t h e i r s o l i c i t i n g behaviour. I t may be t h a t as the females 

were u n d i s c r i m i n a t i n g they do not discourage the males 

mating attempts from which the male gained encouragement 

and fewer s o l i c i t a t i o n s were necessary. However 

comparison w i t h t h e c o n t r o l c o n d i t i o n , where t h e r e was no 

r e d u c t i o n i n the number of s o l i c i t a i o n s makes t h i s 

u n l i k e l y . 

I n summary, the s o l i c i t i n g behaviour of the females 

does show signs o f i n b r e e d i n g avoidance, as females 

s o l i c i t r e l a t e d males l e s s , e s p e c i a l l y when s o c i a l l y 

r e l a t e d . 
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10.7.6.4 
The E f f e c t o f S o c i a l and Genetic Relatedness 

C e r t a i n behaviours e x h i b i t e d by the male and female 

r a t i n the mating s i t u a t i o n e x h i b i t d i f f e r e n c e s 

a t t r i b u t a b l e t o i n b r e e d i n g avoidance (see pr e v i o u s 

d i s c u s s i o n ) . Here I s h a l l consider b r i e f l y the e f f e c t s o f 

r e l a t e d n e s s on the behaviour of the male and female r a t . 

Two types of r e l a t e d n e s s were examined i n t h i s 

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

r e l a t e d n e s s . The r e s u l t s o f the pr e v i o u s experiment 

i n d i c a t e s o c i a l r e l a t e d n e s s t o be the im p o r t a n t f a c t o r i n 

the delay of r e p r o d u c t i o n . I n both the s o l i c i t i n g 

behaviour of the female and the m o u n t / i n t r o m i s s i o n 

behaviour of the male, g r e a t e r signs o f i n b r e e d i n g 

avoidance are n o t i c e d when r a t s are s o c i a l l y r e l a t e d than 

when g e n e t i c a l l y r e l a t e d . Likewise i n the i n v e s t i g a t o r y 

behaviour of both males and females, although t h e i r may be 

some evidence f o r d i s c r i m i n a t i v e behaviour based upon 

g e n e t i c r e l a t e d n e s s i n the I.P., t h e r e i s much s t r o n g e r 

evidence f o r d i s c r i m i n a t i v e behaviour based upon s o c i a l 

r e l a t e d n e s s i n both the E.L.P. and the P.E.I. Thus, as 

w i t h delay of r e p r o d u c t i o n , the behaviour e x h i b i t e d by 

male and female r a t s i n mating i s a f f e c t e d by s o c i a l 

r e l a t e d n e s s foremost. This i s prob a b l y due t o the f a c t 

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

s i b l i n g s may be no longer able t o recognise them as 

s i b l i n g s and are t h e r e f o r e unable t o show d i s c r i m i n a t o r y 

behaviour (see Chp. 3 ) . 
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10.7.6.5 
Summary 

From t h i s experiment i t appears t h a t i n the mating 

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

i s i m p o r t a n t i n the e x h i b i t i o n of i n b r e e d i n g avoidance. 

The female, i n t h i s experiment, shows s t r o n g e r signs of 

i n b r e e d i n g avoidance than the male and t h i s may r e f l e c t 

the d i f f e r e n t i a l investment by the two sexes i n mating. 

I t i s worth n o t i n g however t h a t a l l females used i n 

t h i s experiment r e c e i v e d approximately two e j a c u l a t i o n s 

each, and thus even though the r e l a t e d females d i d show 

signs of inbreeding avoidance, both females would probably 

have been impregnated. T h i s may r e f l e c t the e x p e r i m e n t a l 

s i t u a t i o n , where although e n a b l i n g the female t o show 

signs of i n b r e e d i n g avoidance d i d not a l l o w her t o escape 

from the male. 

10.8 
INBREEDING AVOIDANCE IN THE RAT 

I n two experiments on l a b o r a t o r y r a t s , two p o s s i b l e 

mechanisms of i n b r e e d i n g avoidance have been found: delay 

o f r e p r o d u c t i o n when k i n are present and b e h a v i o u r a l 

avoidance of k i n i n the mating s i t u a t i o n . Both mechanisms 

depend on a p e r i o d o f s o c i a l r e l a t e d n e s s . I s h a l l now 

consider how these mechanisms may f u n c t i o n i n the n a t u r a l 

environment. 

Rats are born i n l i t t e r s and remain i n these a t l e a s t 
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u n t i l weaning. A f t e r weaning r a t s engage i n a p e r i o d of 

p l a y and i t i s l i k e l y they p l a y w i t h t h e i r k i n , who are 

most e a s i l y a c c e s s i b l e , a v a i l a b l e and w i l l i n g t o p l a y . 

Thus the p e r i o d of s o c i a l r e l a t e d n e s s necessary f o r the 

f u n c t i o n i n g of these mechanisms i s p r e s e n t . 

Delayed r e p r o d u c t i o n may f u n c t i o n i n two ways. F i r s t 

and o b v i o u s l y i t may delay mating of k i n , and a l l o w mating 

by u n r e l a t e d i n d i v i u a l s . Second i t may f a c i l i t a t e the 

removal of one of the sexes from t h e group. Although 

t h e r e have been s t u d i e s o f r a t c o l o n i e s (e.g., B a r n e t t , 

1975; Calhoun, 1962; T e l l e , 1966), t h e r e has been l i t t l e 

mention of i n d i v i d u a l t r a n s f e r e n c e between groups. I t i s 

known t h a t a d u l t r a t s i n t r o d u c e d i n t o an a l i e n colony are 

a t t a c k e d by the males of the colony ( B a r n e t t , 1975) and as 

such i f t r a n s f e r e n c e does occur, i t must take place p r i o r 

t o adulthood and the achievement o f p u b e r t y . Thor (1979) 

r e p o r t s t h a t j u v e n i l e r a t s are immune t o a t t a c k from 

a d u l t s by means of an odour, such an odour may prevent 

a t t a c k a f t e r d i s p e r s a l and reaching another group. Thus 

delay of r e p r o d u c t i o n may b e n e f i t a removal mechanism by 

a) e l o n g a t i n g the p e r i o d i n which t r a n s f e r e n c e can take 

place and b) d e l a y i n g p h y s i c a l m a t u r i t y t o a l l o w 

acceptance i n t o new groups. 

I f d i s p e r s a l does not occur, then mating between k i n 

may occur i n t h e n a t a l group. Even i f d i s p e r s a l does 

occur i n b r e e d i n g may s t i l l occur through f a t h e r - d a u g h t e r 

or mother-son matings. Now b e h a v i o u r a l avoidance i n the 
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mating s i t u a t i o n may p l a y a r o l e . T e l l e (1966) r e p o r t s 

t h a t r e c e p t i v e females are f o l l o w e d by a number of males 

and i t may be by s o l i c i t i n g those males w i t h whom she 

wishes t o mate ( i . e . , n o n - k i n ) , the female can avoid 

mating w i t h k i n . 
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CHAPTER 11 

KIN RECOGNITION IN THE RAT: 

CONCLUSIONS 

11.1 
THE ULTIMATE CAUSATION OF KIN RECOGNITION 

Hamilton's (1964a,b) t h e o r y o f k i n s e l e c t i o n proposes 

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

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

i n d i v i d u a l s would be expected t o be shaped by the degree 

o f r e l a t e d n e s s between p a r t i c i p a n t s and the co s t s and 

b e n e f i t s t o the a c t o r s genotype. I t was hypothesised from 

t h i s t h a t i n d i v i d u a l s would show d i f f e r e n t i a l 

responsiveness i n t h e i r s o c i a l behaviour t o k i n and 

non- k i n . 

Chapters 8, 9 and 10 examined t h i s h y p o t h e s i s . I f 

i n d i v i d u a l s d i d a c t according t o k i n s e l e c t i o n t h e o r y 

t h e n , i f g i v e n a choice o f s i b s and non - k i n , i n d i v i d u a l s 

should p r e f e r t o huddle and p l a y w i t h t h e i r s i b l i n g s but 

p r e f e r t o mate w i t h n o n -kin. Experimental r e s u l t s 

i n d i c a t e d t h a t the r a t s d i d a c t according t o the 

h y p o t h e s i s , p r e f e r r i n g t o huddle and p l a y w i t h s i b s but t o 

mate w i t h n o n - k i n . F u r t h e r support f o r d i f f e r e n t i a l 

responding t o k i n and non-kin comes from chapter 4, where 

mothers were observed t o r e t r i e v e t h e i r own young more 

q u i c k l y than young from o t h e r l i t t e r s . 
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I t does t h e r e f o r e seem t h a t the r a t s ' s o c i a l 

behaviour has been shaped according t o k i n s e l e c t i o n 

t h e o r y , and, t h i s supports a growing number o f r e p o r t s i n 

ot h e r species i n d i c a t i n g d i f f e r e n t i a l responsiveness t o 

k i n and non-kin. 

11.2 
THE PROXIMATE CAUSATION OF KIN RECOGNITION 

Three questions were asked concerning the proximate 

c a u s a t i o n o f k i n r e c o g n i t i o n . What i s the p e r c e p t u a l 

sense used ? What i s t h e nature o f t h e k i n i d e n t i f i e r ? 

How i s k i n r e c o g n i t i o n achieved ? 

O l f a c t i o n was found t o be the most i m p o r t a n t sense 

used i n k i n r e c o g n i t i o n r e f l e c t i n g , the importance o f 

o l f a c t i o n f o r r a t s and rodents i n ge n e r a l (Cheal, 1975). 

The nature of the k i n i d e n t i f i e r was then considered. I t 

was proposed t h a t t o be of use t o the i n d i v i d u a l the 

i d e n t i f i e r must possess q u a l i t i e s o f c o n s i s t e n c y and 

commonality which were best achieved by g e n e t i c f a c t o r s 

r a t h e r than environmental f a c t o r s . 

Three mechanisms were found which may enable the 

a c q u i s i t i o n o f k i n r e c o g n i t i o n . Chapter 2 demonstrated 

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

thus k i n r e c o g n i t i o n may be achieved through t h e 

a c q u i s i t i o n of i n d i v i d u a l i t y a s s o c i a t e d w i t h an index of 

f a m i l i a r i t y ( B e k o f f , 1981). Such a mechanism most l i k e l y 

being used t o recognise c l o s e l y r e l a t e d i n d i v i d u a l s , f o r 
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example, s i b s , p a r e n t s . 

Rats were a l s o found t o be capable of s i b l i n g , 

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

evidence suggests t h a t both s o c i a l l y and g e n e t i c a l l y 

mediated mechanisms were i n v o l v e d i n the a c q u i s i t i o n o f 

t h i s a b i l i t y . I t appears t h a t g e n e t i c mechanisms prime 

the i n d i v i d u a l t o respond t o k i n a t b i r t h and t h e r e f o r e 

make i t more l i k e l y t h a t any s o c i a l l y determined mechanism 

w i l l a c q u i r e the c h a r a c t e r i s t i c s o f k i n r a t h e r than 

n o n - k i n . 

11.3 
TWO MECHANISMS DETERMINE KIN RECOGNITION 

IN THE RAT 

The r e s u l t s o f t h i s research suggest t h a t two 

mechanisms are i n v o l v e d i n the r a t s ' d i f f e r e n t i a l 

responsiveness t o k i n and no n - k i n . F i r s t a mechanism 

which determines how the i n d i v i d u a l responds t o k i n and 

second a mechanism which a l l o w s the i n d i v i d u a l t o i d e n t i f y 

i t s k i n . 

Studies of the u l t i m a t e c a u s a t i o n o f k i n r e c o g n i t i o n 

throw some l i g h t on t h e f i r s t mechanism. Each behaviour 

w i l l have evolved w i t h i t s own m o d i f i e r which i n s t r u c t s 
p 

the i n d i v i d u a l how t o respnd t o k i n . The commands of the 

m o d i f i e r w i l l have been shaped by n a t u r a l s e l e c t i o n such 

t h a t the behaviour e m i t t e d maximises the i n d i v i d u a l ' s 

f i t n e s s . Both p l a y and h u d d l i n g are advantageous between 
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k i n whereas mating i s disadvantageous. I f t h e r e were o n l y 

a c e n t r a l command t o ' p r e f e r k i n ' one would expect a 

s i m i l a r response t o k i n f o r a l l behaviours. C l e a r l y t h i s 

does not happen. The p r e c i s e n ature of the m o d i f i e r f o r 

each behaviour c o u l d be e l u c i d a t e d by t e s t i n g the 

i n d i v i d u a l ' s response t o a v a r i e t y o f k i n , here 

i n d i v i d u a l s were t e s t e d w i t h s i b s and non-kin and 

t h e r e f o r e one would expect a p r e f e r a b l e response t o s i b s 

i n h u d d l i n g and p l a y but a n o n - p r e f e r a b l e one i n mating. 

The m o d i f i e r i s probably more s p e c i f i c than t h i s . Bateson 

(1982) f i n d s t h a t i n d i v i d u a l s of the Japanese q u a i l , 

C o t u r n i x c o t u r n i x j a p o n i c a p r e f e r t h e i r f i r s t cousins over 

s i b l i n g s , 3rd cousins and non-kin (see a l s o G i l d e r and 

S l a t e r , 1978). 

T h i s mechanism i s g e n e t i c a l l y determined and t e l l s 

t h e i n d i v i d u a l how t o respond t o k i n . However t h i s 

mechanism does not i d e n t i f y k i n and t h i s a b i l i t y has t o be 

determined s e p a r a t e l y . I f the c h a r a c t e r i s t i c s of k i n d i d 

not have t o be a c q u i r e d then one would expect i n d i v i d u a l s 

o n l y g e n e t i c a l l y r e l a t e d , (SG) , t o be able t o recognise 

each o t h e r . T h i s i s not the case f o r r a t s as by 40 days 

i n d i v i d u a l s o n l y g e n e t i c a l l y r e l a t e d no longer p r e f e r each 

o t h e r (Expt. 3.9, s e c t i o n 3.7). S i m i l a r l y i n chapters 9 

and 10, no e f f e c t s were found f o r i n d i v i d u a l s o n l y 

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

k i n d i d not have t o be a c q u i r e d then the p r e f e r e n t i a l 

responsiveness of o n l y s o c i a l l y r e l a t e d i n d i v i d u a l s i n 

c hapters 3, 4, 8, 9 and 10 i s d i f f i c u l t t o e x p l a i n . 
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Thus k i n r e c o g n i t i o n comprises two mechanisms, one t o 

determine the response o f the i n d i v i d u a l t o k i n and second 

t o i d e n t i f y k i n . 

11.4 
FUTURE RESEARCH ON KIN RECOGNITION 

There are a number o f qu e s t i o n s a r i s i n g d i r e c t l y from 

t h i s research which have.yet t o be answered. For example, 

how i s the knowledge a c q u i r e d about k i n o b t a i n e d by the 

m o d i f i e r t o e l i c i t i t s response ? What does the m o d i f i e r 

respond t o most p r e f e r a b l y , s i b s , c o u s i n s , etc.? 

A l o g i c a l p o i n t has emerged from t h i s research 

concerning s t u d i e s o f k i n r e c o g n i t i o n . I t i s c l e a r l y n o t 

enough t o show t h a t an i n d i v i d u a l can recognise i t s k i n by 

use of a d i s c r i m i n a t i o n or pre f e r e n c e t a s k . Although t h i s 

approach may a l l o w the mechanisms o f k i n r e c o g n i t i o n t o be 

e l u c i d a t e d i t does not say any t h i n g about the way i n which 

i n d i v i d u a l s n o r m a l l y respond t o k i n . For t h i s i n d i v i d u a l s 

should be observed n a t u r a l l y i n t e r a c t i n g w i t h k i n t o see 

i f they do use t h e i r a b i l i t y t o recognise k i n t o respond 

d i f f e r e n t i a l l y t o them. 
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APPENDIX 2.1 

RUNNING ORDERS OF RATS FOR EXPERIMENTS 2.1 AND 2.2 

Order i n which r a t s were run f o r each t r i a l . 

SUBJECT No. 

TRIAL 1 1 2 3 4 5 6 
TRIAL 2 2 6 3 5 1 4 
TRIAL 3 3 2 1 6 5 4 
TRIAL 4 4 6 5 2 1 3 
TRIAL 5 5 6 1 2 4 3 
TRIAL 6 6 3 2 4 5 1 
TRIAL 7 1 5 2 4 3 6 
TRIAL 8 3 2 1 6 4 5 
TRIAL 9 5 1 2 4 6 3 
TRIAL 10 2 5 6 3 4 1 
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APPENDIX 2.2 

POSITION OF S+ RAT USED IN EXPERIMENTS 2.1 AND 2.2 

Gellerman s e r i e s o f l e f t and r i g h t p o s i t i o n s o f the S-f. 

TRIAL 
1 2 3 4 5 6 7 8 9 10 

1 L L R L R R L R R L 
2 R R L R L L L R R L 

D 3 L R L R R L L R L R 
4 R R R L L L R L L R 

A 5 R R L L R L L L R R 
6 L R R R L L R L L R 

Y 7 R L L R L R L R R L 
8 R L L R L R R L R L 
9 L R L R L R R R L L 

10 R R L L R R L R L L 
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APPENDIX 10.1 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s on 
the number of times the male s n i f f e d each female during 
the I n t r o d u c t o r y P e r i o d . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS PROB 

SUBJ 39 2852.9500 

S 
G 
S x G 

1 
1 
1 

0.4500 
22.0500 
22.0500 

0.4500 
22.0500 
22.0500 

0.0058 
0.2827 
0.2827 

0.9380 
0.6044 
0.6044 

ERROR 36 2808.4000 78.0111 

F 
F x S 
F x G 
F x S x G 

ERROR 

WITHIN CELLS 40 

1 0. 8000 0.8000 0. 7784 0. 6127 
1 0. 0000 0.0000 0. 0000 1. 0000 
1 5. 0000 5.0000 4. 8649 0. 0319 
1 0. 2000 0.2000 0. 1946 0. 6657 

36 37. 0000 1.0278 

40 43. 0000 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
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APPENDIX 10.2 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s on 
the number of times the females s n i f f e d the male during 
the I n t r o d u c t o r y P e r i o d . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 272.4875 

S 1 21.0125 21.0125 3. 1804 0.0795 
G 1 13.6125 13.6125 2. 0603 0.1564 
S x G 1 0.0125 0.0125 0. 0019 0.9645 

ERROR 36 237.8500 6.6069 

F 1 6.6125 6.6125 4. 1436 0.0466 
F x S 1 0.6125 0.6125 0. 3838 0.5463 
F x G 1 4.5125 4.5125 2. 8277 0.0976 
F x S x G 1 0.3125 0.3125 0. 1958 0.6647 

ERROR 36 57.4500 1.5958 

WITHIN CELLS 40 69.5000 

S = S o c i a l r e l a t e d n e s s . 
G SB G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
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APPENDIX 10.3 

The d i s t r i b u t i o n of f i r s t m o u n t / i n t r o m i s s i c n s between the 
r e l a t e d (R) and u n r e l a t e d (R) females by the male i n each 
s e r i e s and o v e r a l l f o r each c o n d i t i o n and the accompanying 
binomial p r o b a b i l i t y ( 2 - t a i l e d ) . 

SERIES 
CONDITION FEMALE 1 2 3 4 SUM 

R 4 6 6 4 20 
SG «••» R 6 4 4 6 20 

BINOMIAL PROB. 0.377 0 .377 0 .377 0 .377 1 

R 6 5 5 4 20 
SG 

R 4 5 5 6 20 

BINOMIAL PROB. 0.377 0 .623 0 .623 0 .377 1 

R 2 4 5 3 14 
SG 

R 8 6 5 7 26 

BINOMIAL PROB. 0.055 0 .377 0 .623 0 .172 0.09; 

R 5 5 4 6 20 
SG 

R 5 5 6 4 20 

BINOMIAL PROB. 0.623 0 .623 0 .377 0 .377 1 
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APPENDIX 10.4 

The d i s t r i b u t i o n of e j a c u l a t i o n s between r e l a t e d (R) and 
u n r e l a t e d (R) females by the male i n each s e r i e s and 
o v e r a l l for each c o n d i t i o n and the accompanying Binomial 
p r o b a b i l i t y ( 2 - t a i l e d ) . 

SERIES 
CONDITION FEMALE 1 2 3 4 SUM 

R 3 5 6 5 19 
SG 

R 7 5 4 5 21 

BINOMIAL PROB. 0.172 0.623 0.377 0.623 0.881 

R 5 4 2 4 15 
SG 

R 5 6 8 6 25 

BINOMIAL PROB. 0.623 0.377 0.055 0.377 0.156 

R 5 7 6 5 23 
SG 

R 5 3 4 5 17 

BINOMIAL PROB. 0.623 0.172 0.377 0.623 0.530 

R 3 4 5 8 20 
SG 

R 7 6 5 2 20 

BINOMIAL PROB. 0.172 0.377 0.623 0.055 1 



PAGE 111 

APPENDIX 10.5 

The e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on the time 
of the f i r s t i n t r o m i s s i o n i n each s e r i e s . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SERIES 1 

SUBJ 39 79.2478 

S 1 0.0016 0.0016 0. 0007 0.9771 
G 1 0.6292 0.6292 0. 2893 0.5999 
S x G 1 0.4731 0.4731 0. 2180 0.6482 
ERROR 36 78.1440 2.1707 

WITHIN 0 0.0 

SERIES 2 

SUBJ 39 2332. 5142 

S 1 12. 4283 12. 4283 0. 1939 0. 6662 
G 1 0. 1651 0. 1651 0. 0C26 0. 9587 
S x G 1 12. 1331 12. 1331 0. 1893 0. 6698 
ERROR 36 2307. 7886 64. 1052 

WITHIN 0 0. 0 

SERIES 3 

SUBJ 39 4577.7791 

S 1 4.5633 4.5633 0.0362 0. 8443 
G 1 7.5892 7.5892 0.0603 0. 8027 
S x G 1 31.2289 31.2289 0.2479 0. 6271 
ERROR 36 4534.3977 125.9555 

WITHIN 0 0.0 

SERIES 4 

SUBJ 39 7060.4186 

S 1 68.6880 68.6880 0.3600 0. 5591 
G 1 78.5406 78.5406 0.4117 0. 5321 
S x G 1 44.6963 44.6963 0c 2343 0. 6365 
ERROR 36 6868.4937 190.7915 

WITHIN 0 0.0 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s 
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APPENDIX 10.6 

The e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on the time 
to complete four mating s e r i e s . 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF ss MS F PROB 

SUBJ 39 11292.2995 

S 1 131.8293 131.8293 0. 4365 0.5199 
G 1 184.9722 184.9722 0. 6125 0.5551 
S x G 1 103.7381 103.7381 0. 3435 0.5682 

ERROR 36 10871.7599 301.9933 

WITHIN 0 0.0 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s 
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APPENDIX 10.7 

The e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s on 
of e j a c u l a t i o n i n each s e r i e s . 

the time 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS PROB 

SERIES 1 

SUBJ 39 1881. 1336 

S 1 23. 7416 23. 7416 0. 4614 0. 5081 
G 1 0. 4516 0. 4516 0. 0088 0. 9230 
S x G 1 4. 7266 4. 7266 0. 09J9 0. 7612 
ERROR 36 1852. 2139 51. 4504 

WITHIN 0 0. 0 

SERIES 2 

SUBJ 39 3719. 1300 

s 1 0. 0095 0. 0095 0, 0C01 0. 9887 
G 1 1. 3261 1. 3261 0. 0129 0. 9062 
S x G 1 21. 7809 21. 7809 0. 2i:>2 0. 6524 
ERROR 36 3696. 0135 102. 6670 

WITHIN 0 0. 0 

SERIES 3 

SUBJ 39 6141. 1066 

s 1 23. 6981 23. 6981 0. 1414 0. 7103 
G 1 42. 6183 42. 6183 0. 2543 0. 6229 
S x G 1 40. 9152 40. 9152 0. 2441 0. 6297 
ERROR 36 6033. 8750 167. 6076 

WITHIN 0 0. 0 

SERIES 4 

SUBJ 39 9224. 9565 

S 1 88. 1395 88. 1395 0. 3571 0. 5607 
G 1 155. 3298 155. 3298 0. 6293 0. 5614 
S x G 1 95. 1001 95. 1001 0. 3853 0. 5456 
ERROR 36 8886. 3871 246. 8441 

WITHIN 0 0. 0 

S = S o c i a l r e l a t e d n e s s . 
G = G e n o t i c r e l a t e d n e s s 
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APPENDIX 10»8 

The e f f e c t of s o c i a l and g e n e t i c r e l a t e d n e s s and s e r i e s on 
the length 

Summary of 

of the E 

A n a l y s i s 

.L.P. 

of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 1445.5365 

S 1 0.4640 0. 4640 0. 0118 0.9106 
G 1 10.5490 10. 5490 0. 2673 0.6143 
S x G 1 13.7575 13. 7575 0. 3486 0.5654 

ERROR 36 1420.7659 39. 4657 

SER 3 1342.3353 447. 4451 51. 2758 0.0001 
SER X S 3 57.7254 19. 2418 z • 2051 0.0903 
SER X G 3 24.7073 8. 2358 0. 9438 0.5760 
SER x S x ' G 3 2.5395 0. 8465 0. 0970 0.9607 

ERROR 108 942.4336 8. 7262 

WITHIN CELLS 120 2369.7409 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.9 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of i n t r o m i s s i o n s given to each female 
by the male i n the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 1854.6719 

s 1 89.2531 89.2531 1.8563 0 .1785 
G 1 0.0031 0.0031 0.0001 0 .9897 
S x G 1 34.4531 34.4531 0.7165 0 .5925 

ERROR 36 1730.9625 48.0823 

SER 3 1905.1844 635.0615 39.5954 0 .0001 
SER X S 3 48.6844 16.2281 1.0118 0 .3916 
SER X G 3 86.1344 28.7115 1.7901 0 .1519 
SER x S X G 3 139.6844 46.5615 2 .9031 0 .0374 

ERROR 108 1732.1875 16.0388 

F 1 322.0031 322.0031 11.8527 0 .0018 
F x S 1 39.9031 39.9031 1.4688 0 .2316 
F x G 1 0.7031 0.7031 0.0259 0 .8675 
F x S x G 1 20.5031 20.5031 0.7547 0 .6051 

ERROR 36 978.0125 27.1670 

SER X F 3 83.2844 27.7615 1.4845 0 .2216 
SER x F x S 3 47.8844 15.9615 0.8535 0 .5297 
SER x F x G 3 160.0844 53.3615 2.8534 0 .0398 
SERxFxSxG 3 15.3844 5.1281 0.2742 0 .8452 

ERROR 108 2019.7375 18.7013 

WITHIN CELLS 280 7599.3750 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.10 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of i n t r o m i s s i o n s given to the females 
during the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e (using log+1 transformed 
s c o r e s ) . 

SOURCE DF SS MS F PROB 

SUBJ 39 4. 9272 

S 1 0. 1952 0. 1952 1. 4957 0.2273 
G 1 0. 0077 0. 0077 0. 0593 0.8041 
S x G 1 0. 0258 0. 0258 0. 1977 0.6633 

ERROR 36 4. 6984 0. 1305 

SER 3 4. 4352 1. 4784 52. 5912 0.0001 
SER x S 3 0. 3003 0. 1001 3. 5607 0.0165 
SER x G 3 0. 1493 0. 0498 1. 7705 0.1557 
SER x S x G 3 0. 0707 0. 0236 0. 8386 0.5218 

ERROR 108 3. 0360 0. 0281 

F 1 0. 7003 0. 7003 7. 3349 0.0100 
F x S 1 0. 1055 0. 1055 1. 1051 0.3006 
F x G 1 0. 0057 0. 0057 0. 0599 0.8032 
F X S x G 1 0. 0393 0. 0393 0. 4115 0.5321 

ERROR 36 3. 4369 0. 0955 

SER X F 3 0. 0431 0. 0144 0. 2435 0.8666 
SER x F X S 3 0. 0520 0. 0173 0. 2939 0.8315 
SER x F x G 3 0. 4629 0. 1543 2. 6163 0.0537 
SERxFxSxG 3 0. 0695 0. 0232 0. 3930 0.7617 

ERROR 108 6. 3694 0. 0590 

WITHIN CELLS 280 19.2761 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.11 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of s o l i c i t a t i o n s g i v e n by the females 
i n the E j a c u l a t i o n Latency P e r i o d . 

Summary of Analys i s of V a r i a n c e 

SOURCE DF SS MS F 

SUBJ 39 1852.7219 

S 1 5.7781 5. 7781 0. 1623 
G 1 67.5281 67. 5281 1. 8964 
S x G 1 497.5031 497. 5031 13. 9714 

ERROR 36 1281.9125 35. 6087 

SER 3 2057.0334 685. 6781 29 3380 
SER x S 3 12.6594 4. 2198 0. 1806 
SER x G 3 39.5594 13. 1865 0. 5642 
SER x S X G 3 340.7344 113. 5781 4. 8597 

ERROR 108 2524.1375 23. 3716 

F 1 458.4031 458. 4031 17. 2330 
F X S 1 512.5781 512. 5781 19. 2696 
F X G 1 104.6531 104. 6531 3. 9343 
F x S x G 1 30.6281 30. 6281 1. 1514 

ERROR 36 957.6125 26. 6003 

SER x F 3 183.7344 61. 2448 6. 3185 
SER x F X S 3 201.6094 67. 2031 6. 9332 
SER x F X G 3 66.1844 22. 0615 2. 2760 
SERXFXSXG 3 28.2594 9. 4198 0. 9718 

ERROR 108 1046.8375 9. 6929 

WITHIN 280 8564.6250 

PROB 

0.6918 
0.1739 
0.0009 

0.0001 
U.9091 
0.6440 
0.0036 

0.0004 
0.0002 
0.0521 
0.2905 

0.0008 
0.0005 
0.0826 
0.5896 

S - S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.12 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of s o l i c i t a t i o n s g i v e n by each female 
during the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e (using log+1 transformed 
s c o r e s ) . 

SOURCE DF SS MS F PROB 

SUBJ 39 11. 1652 

S 1 0. 0026 0. 0026 0. 0159 0 .8957 
G 1 1. 1091 1. 1091 6. 8776 0 .0122 
S X G 1 4. 2480 4. 2480 26. 3415 0 .0001 

ERROR 36 5. 8055 0. 1613 

SER 3 9. 0243 3. 0081 28. 4028 0 .0001 
SER x S 3 0. 3294 0. 1098 1. 0367 0 .3803 
SER x G 3 0. 0502 0. 0167 0. 1581 0 .9237 
SER x S X G 3 0. 2710 0. 0903 0. 8528 0 . 5293 

ERROR 108 11. 4381 0. 1059 

F 1 4. 1630 4. 1630 24. 8622 0 .0001 
F x S 1 3. 0598 3. 0598 18. 2735 0 .0003 
F x G 1 0. 4704 0. 4704 2. 8094 0 .0987 
F x S x G 1 0. 5542 0. 5542 3. 3095 0 . 0738 

ERROR 36 6. 0280 0. 1674 

SER x F 3 0. 2774 0. 0925 2. 1219 0 .1003 
SER X F X S 3 0. 2078 0. 0693 1. 5894 0 .1948 
SER X F X G 3 0. 1515 0. 0505 1. 1589 0 .3288 
SERxFxSxG 3 0. 0696 0. 0232 0. 5327 0 .6613 

ERROR 108 4. 7063 0. 0436 

WITHIN CELLS 280 40.8010 

S - S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.13 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of times the male s n i f f e d each female 
during the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 3166.7000 

S 1 8.4500 8.4500 0.0991 0.7528 
G 1 9.8000 9.8000 0.1150 0.7359 
S x G 1 80.0000 80.0000 0.9386 0.6592 

ERROR 36 3068.4500 85.2347 

SER 3 8054.6750 2684.8917 64.9491 0.0001 
SER X S 3 88.5750 29.5250 0.7142 0.5488 
SER x G 3 185.5250 61.8417 1.4960 0.2185 
SER X G x S 3 49.9250 16.6417 0.4026 0.7550 

ERROR 108 4464.5500 41.3384 

F 1 3.6125 3.6125 0.4661 0.5060 
F X S 1 12.0125 12.0125 1.5500 0.2190 
F X G 1 6.6125 6.6125 0.8532 0.6354 
F x S x G 1 12.0125 12.0125 1.5500 0.2190 

ERROR 36 279.0000 7.7500 

SER X F 3 2.6125 0.8708 0.1127 0.9517 
SER x F x S 3 27.8125 9.2708 1.2000 0.3130 
SER X F X G 3 35.6125 11.8708 1.5365 0.2079 
SERxFxSxG 3 2.3125 0.7708 0.0998 0.9591 

ERROR 108 834.4000 7.7259 

WITHIN CELLS 280 14059.2500 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.14 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of times the female s n i f f e d the male 
during the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 1913.7375 

s 1 296.4500 296.4500 6. 6210 0 .0137 
G 1 1.8000 1.8000 0. 0402 0 .8364 
S x G 1 3.6125 3.6125 0. 0807 0 .7747 

ERROR 36 1611.8750 44.7743 

SER 3 9554.0375 3184.6792 93. 0305 0 .0001 
SER X S 3 718.7000 239.5667 6. 9982 0 .0004 
SER x G 3 7.6500 2.5500 0. 0745 0 .9728 
SER x S x G 3 8.2375 2.7458 0. 0802 0 .9698 

ERROR 108 3697.1250 34.2326 

F 1 0.0000 0.0000 0. 0000 1 .0000 
F X S 1 2.8125 2.8125 0. 2003 0 .6613 
F x G 1 15.3125 15.3125 1- 0908 0 .3038 
F x S X G 1 31.2500 31.2500 2, 2261 0 .1408 

ERROR 36 505.3750 14.0382 

SER x F 3 1.0500 0.3500 0. 0414 0 .9881 
SER X F x S 3 5.3375 1.7792 0. 2104 0 .8892 
SER x F x G 3 108.0375 36.0125 4. 2589 0 .0072 
SERxFxSxG 3 19.6000 6.5333 C. 7726 0 .5146 

ERROR 108 913.2250 8.4558 

WITHIN CELLS 280 15587.7500 

S = S o c i a l r e l a t e d n e s s . 
G - G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.15 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of times each female s n i f f e d the male 
during the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e (using s c o r e s transformed 
by adding 1 and tak i n g the log) . 

SOURCE DF SS MS H 1 PROB 

SUBJ 39 6.0023 

S 1 1.1208 1.1208 8. 6573 0.0058 
G 1 0.1431 0.1431 1. 1051 0.3006 
S x G 1 0.0776 0.0776 0. 5993 0.5500 

ERROR 36 4.6608 0.1295 

SER 3 32.1107 10.7036 111. 9328 0.0001 
SER x S 3 0.6628 0.2209 2. 3103 0.0791 
SER x G 3 0.1656 0.0552 0. 5772 0.6354 
SER x S x G 3 0.2068 0.0689 0. 7208 0.5448 

ERROR 108 10.3275 0.0956 

F 1 0.0145 0.0145 0. 2104 0.6537 
F x S 1 0.0352 0.0352 0. 5106 0.5138 
F x G 1 0.0000 0.0000 0. 0002 0.9859 
F x S x G 1 0.1250 0.1250 1. 8116 0.1838 

ERROR 36 2.4837 0.0690 

SER x F 3 0.0149 0.0050 0. 1284 0.9423 
SER x F x S 3 0.0174 0.0058 0. 1493 0.9293 
SER x F x G 3 0.1581 0.0527 1. 3594 0.2581 
SERxFxSxG 3 0.2615 0.0872 2. 2485 0.0855 

ERROR 108 4.1866 0.0388 

WITHIN CELLS 280 50.7703 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.16 

The e f f e c t of s o c i a l , g e n e t i c and female r e l a t e d n e s s and 
s e r i e s on the number of the times each female was nearer 
the male during the E.L.P. 

Summary of A n a l y s i s of V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 17646.4969 

S 1 10.1531 10 .1531 <\ 0210 0 .8803 
G 1 175.5281 175 .5281 0. 3633 0 .5573 
S x G 1 67.5281 67 . 5281 0. 1398 0 .7118 

ERROR 36 17393.2875 483 .1469 

SER 3 15233.0344 5077 .6781 43. 0691 0 .0001 
SER x S 3 673.1064 224 .3698 1. 9031 0 .1320 
SER x G 3 228.0844 76 .0281 0. 6449 0 .5916 
SER x S x G 3 24.3844 8 .1281 0. 0689 0 .9756 

ERROR 108 12732.7625 117 .8959 

F 1 118.8281 118 .8281 2. 0862 0 .1539 
F x S 1 25.8781 25 .8781 0. 4543 0 .5114 
F x G 1 114.0031 114 .0031 2. 0015 0 .1624 
F x S x G 1 149.8781 149 .8781 2. 6313 0 .1098 

ERROR 36 2050.5375 56 .9594 

SER X F 3 266.1844 88 .7281 «•> 0962 0 .1036 
SER x F x S 3 9.0344 3 .0115 c. 0711 0 .9745 
SER x F x G 3 226.6594 75 .5531 1. 7849 0 .1529 
SERxFxSxG 3 46.9844 15 .6615 0. 3700 0 .7779 

ERROR 108 4571.5125 42 .3288 

WITHIN CELLS 280 36470.8750 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.17 

The e f f e c t o f s o c i a l and g e n e t i c r e l a t e d n e s s and s e r i e s on 
t h e l e n g t h o f t h e P.E.I. 

Summary o f A n a l y s i s o f V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 346.2279 

S 1 19.1230 19 .1230 2. 1892 0.1441 
G 1 10.7916 10 .7916 1. 2354 0.2732 
S x G 1 1.8533 1 .8533 0. 2122 0.6524 

ERROR 36 314.4600 8 .7350 

SER 3 189.0242 63 .0081 55. 7325 0.0001 
SER x S 3 2.5571 0 .8524 0. 7539 0.5254 
SER x G 3 1.8532 0 .6177 0. 5464 0.6559 
SER x S x G 3 1.1225 0 .3742 0. 3309 0.8054 

ERROR 108 122.0987 1 .1305 

WITHIN CELLS 120 316.6558 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
SER = S e r i e s . 



PAGE 12 4 

APPENDIX 10.18 

The e f f e c t o f s o c i a l , g e n e t i c and f e m a l e r e i a t e d n e s s and 
s e r i e s on t h e number o f t i m e s each female s n i f f e d t h e male 
d u r i n g t h e P. E . I . 

Summary o f A n a l y s i s o f V a r i a n c e 

SOURCE DF SS MS F PROB 

SUB J 39 1114.2219 

S 1 53.6281 53.6281 1.8982 0. 1737 
G 1 11.6281 11.6281 0.4116 0. 5321 
S x G 1 31.8781 31.8781 1.1283 0. 2955 

ERROR 36 1017.0875 28.2524 

SER 3 458.0594 152.6865 19.2921 0. 0001 
SER X S 3 6.7844 2.2615 0,2857 0. 8372 
SER x G 3 12.2844 4.0948 0.5174 0. 6755 
SER x S x G 3 13.2344 4.4115 0.5574 0. 6486 

ERROR 108 854.7625 7.9145 

F 1 29.4031 29.4031 2.4379 0. 1235 
F x S 1 14.0281 14.0281 1.1631 0. 2880 
F X G 1 31.8781 31.8781 2.6431 0. 1090 
F x S X G 1 0.3781 0.3781 0.0314 0. 8546 

ERROR 36 434.1875 12.0608 

SER X F 3 19.0594 6.3531 1.0787 0. 3618 
SER x F x S 3 4.5344 1.5115 0.2566 0. 8575 
SER x F x G 3 9.7844 3.2615 0.5538 0. 6510 
SERxFxSxG 3 36.1844 12.0615 2.0480 0. 1101 

ERROR 108 636.0625 5.8895 

WITHIN CELLS 280 2560.6250 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.19 

The e f f e c t o f s o c i a l , g e n e t i c and fema l e r e l a t e d n e s s and 
s e r i e s on t h e number o f t i m e s t h e male s n i f f e d t h e female 
d u r i n g t h e P.E.I. 

Summary o f A n a l y s i s o f V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 1526.0969 

S 1 250.2781 250.2781 7. 2058 0.0106 
G 1 18.5281 18.5281 0. 5334 0.5235 
S x G 1 6.9031 6.9031 0. 1987 0.6625 

ERROR 36 1250.3875 34.7330 

SER 3 27.3594 9.1198 1 . 5241 0.2111 
SER x S 3 3.5594 1.1865 0. 1983 0.8974 
SER x G 3 22.5094 7.5031 1. 2539 0.2933 
SER x S X G 3 11.1844 3.7281 0. 6230 0.6055 

ERROR 108 646.2625 5.9839 

F 1 9.4531 9.4531 2. 6873 0.1062 
F X S 1 7.5031 7.5031 2. 1330 0.1494 
F x G 1 1.1281 1.1281 0. 3207 0.5813 
F x S x G 1 0.9031 0.9031 0. 2567 0.6212 

ERROR 36 126.6375 3.5177 

SER X F 3 1.1344 0.3781 0. 1480 0.9302 
SER x F X S 3 4.0344 1.3448 0. 5262 0.6695 
SER x F x G 3 1.9094 0.6365 0. 2490 0.8627 
SERxFxSxG 3 1.7844 0.5948 0. 2327 0.8740 

ERROR 108 276.0125 2.5557 

WITHIN CELLS 280 1141.3750 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.20 

The e f f e c t o f s o c i a l , g e n e t i c and fema l e r e l a t e d n e s s and 
s e r i e s on t h e number o f s o l i c i t a t i o n s g i v e n by t h e fe m a l e s 
d u r i n g t h e P.E.I. 

Summary o f A n a l y s i s o f V a r i a n c e 

SOURCE DF SS MS F PROB 

SUBJ 39 914.5469 

S 1 24.7531 24.7531 1 3910 0 . 2445 
G 1 42.7781 42.7781 2. 4040 0 .1261 
S x G 1 206.4031 206.4031 1 1 . 5991 0 .0020 

ERROR 36 640.6125 17.7948 

SER 3 12.8344 4.2781 0. 6105 0 .6136 
SER x S 3 17.3594 5.7865 0. 8257 0 .5148 
SER x G 3 6.8344 2.2781 0. 3251 0 .8095 
SER x S x G 3 7.7594 2.5865 0. 3691 0 . 7785 

ERROR 108 756.8375 7.0078 

F 1 187.5781 187.5781 15. 3941 0 .0006 
F x S 1 279.3781 279.3781 22. 9279 0 .0001 
F x G 1 20.5031 20,5031 1. 6826 0 .2002 
F x S x G 1 5.2531 5.2531 0. 4311 0 . 5225 

ERROR 36 438.6625 12.1851 

SER X F 3 2.3844 0.7948 0. 1607 0 .9221 
SER x F X S 3 0.3344 0.1115 0. 0225 0 .9949 
SER X F X G 3 24.1094 8.0365 1 . 6248 0 .1865 
SERxFxSxG 3 3.1094 1.0365 0. 2095 0 .8898 

ERROR 108 534.1875 4.9462 

WITHIN CELLS 280 2297.1250 

S - S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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APPENDIX 10.21 

The e f f e c t o f s o c i a l , g e n e t i c and fema l e r e l a t e d n e s s and 
s e r i e s on t h e number o f t i m e s each fe m a l e was n e a r e r t h e 
male d u r i n g t h e P.E.I. 

Summary o f A n a l y s i s o f V a r i a n c e 

SOURCE DF ss MS F PROB 

SUBJ 39 3765. 1219 

S 1 37. 1281 37.1281 0 .3975 0. 5392 
G 1 226. 1281 226.1281 2 .4208 0. 1248 
S x G 1 139. 1281 139.1281 X .4894 0. 2283 

ERROR 36 3362. 7375 93.4094 

SER 3 2141. 4094 713.8031 33 .8710 0. 0001 
SER X S 3 0. 1344 0.0448 0 .0021 0. 9997 
SER x G 3 35. 5344 11.8448 0 .5621 0. 6455 
SER x S x G 3 62. 5344 20.8448 0 .9891 0. 5978 

ERROR 108 2276. 0125 21.0742 

F 1 376. 2781 376.2781 2 -.0053 0. 1620 
F x S 1 346. 5281 346.5281 1 .8467 0. 1796 
F x G 1 9 1 . 3781 91.3781 0 .0487 0. 5034 
F x S x G 1 9. 4531 9.4531 0 .0504 0. 8183 

ERROR 36 6755. 2375 187.6455 

SER x F 3 8 1 . 9844 27.3281 0 . 3288 0. 8069 
SER x F x S 3 312. 1344 104.0448 1 .2518 0. 2940 
SER x F X G 3 263. 2844 87.7615 1 .0559 0. 3717 
SERxFxSxG 3 44. 7094 14.9031 0 .1793 0. 9099 

ERROR 108 8976. 5125 83.1159 

WITHIN CELLS 280 21773.1250 

S = S o c i a l r e l a t e d n e s s . 
G = G e n e t i c r e l a t e d n e s s . 
F = Female r e l a t e d n e s s . 
SER = S e r i e s . 
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