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ABSTRACT 

T v e n t y - f i v s  male mice (Eys IMIS~Q~~~I) u e r s  o b s e r v e d  o n  t h r e e  

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

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

care .  T h e s e  f a c t o r s  u e r e  1 ) m a t i n q  e x p e r i e n c e ,  2 ) a e n s t i c  

r e l a t e d n e s s  of pups,  3) c o n t i n u o u s  c o h a b i t a t i o n  w i t h  a p r e G n a n t  

female a n d  4 ) a b s e n c e  of t h e  o d o u r  of s t r a n o e  males  o n  t h e  

female. T h e  f i r s t  t h r e e  f a c to r s  h a v e  been s h o w n  t o  h a v e  a 

s i s n i f i c a n t  e f f e c t  o n  i n f a n t i c i d e  i n  s a l e  mice a n d  a r c  b e l i e v e d  

t o  a c t  a s  cues t o  p a t e r n i t y .  T h e  m a l e s  were d i v i d e d  i n t o  t h r e e  

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

i n  t h e  wa lesg  e n v i r o n m e n t .  d l 1  f o u r  cues were p r e s e n t  i n  t h e  

4 c u e  c o n d i t i o n ,  o n l y  two ( a a t i n q  e x p e r i e n c e  a n d  q b n e t i c  

r e l a t e d n e s s  of  p u p s )  were p r e s e n t  i n  t h e  s e c o n 3  c o n d i t i o n  ( 2 c o e )  

a n d  a l l  c u e s  were a b s e n t  i n  t h e  l a s t  c o n d i t i o n  (nocue) . T h e  

r e s u l t s  i n d i c a t e d  t h a t  4 c u e  males d i s p l a y e 9  more p a r e n t a l  a n d  

feuer  n o n - p a r e n t a l  b e h a v i o n r s  t h a n  N o c u e  a a l e s .  T h e  2 c u e  ma le s  

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

s i g n i f i c a n t l y  from t h e  4 c u e  o r  N o c u e  m a l e s .  T h e  a u r a t i o n  o f  

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

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

b e h a v i o u r s  d e c r e a s e d .  This s u q q e s t s  t h a t  e x p o s u r e  t o  p u p s  o r  t o  

a l a c t a t i n q  female i n c r e a s e d  male p a r e n t a l  b e h a v i o u r .  
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T r a d i t i o n a l l y ,  r e s e a r c h  i n  a n i m a l  b e h a v i o u r  h a s  n e o l e c t e d  

t h e  ro le  o f  t h e  m a l e  i n  p a r e n t a l  ca re .  I n  m o s t  maamals t h e  

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

i m p o r t a n t  o n e  a n d  t h e  f a t h e r - o f f s p r i n g  r e l a t i o n s h i p  o n e  of 

m i n i m a l  v a l u e .  R e c e n t  i n t e r e s t  i n  aale p a r e n t a l  care l n  r o d e n t s ,  

h o u e v e r ,  h a s  s h o u n  t h a t  n o t  o n l y  is male p a r e n t a l  care i n  t h e s e  

species p r e v a l e n t  a n d  p r e d i c t a b l e ,  b u t  that i t  P a y  also c o n f e r  2 

s e l e c t i v e  a d v a n t a a e  o n  t h o s e  males who  enqaqe i n  i t .  

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

i n c f u d i n q  t h e  h o u s e  a o u s e ,  Bys mgncg]ips ( L e b l o n d  & Welson, '1936; 

E e n i e s t - N o i r o t ,  1 9 5 8 ;  E i s e n b e r q ,  1962 ;  G a n d e l r a a n ,  P a s c h k e ,  

Z a r r o u  E D e n e n b e r g ,  1 9 7 0 ;  P r i e s t n a l l  & Y c u n q ,  1 9 7 8 1 ,  t h e  o a c k e t  

m o u s e ,  E l k i L o ~ ~ s  &gy&lg& ( B l a i r ,  1 9 4 1 ) .  t h e  C a l i f o r n i a  nouse, 

P e g a y s c u s  calif~~pi~u~ ( E i s e n b e r q ,  1 9 6 2 :  D u d l e y ,  1974), t h e  -- 
d e e r  mouse, PI i ~ ~ h c p 2 a $ g _ s  ( H o r n e r ,  1 9 4 7 ;  H a r t u n a  & Dewsbury, 

1 9 7 9 ) ,  t h e  u h i t e - f o o t e d  mouse, E, k s g s - ~ p q g  ( a c c a r t y  & S o u t h u l c k ,  

1 9 7 7 ;  E a r t u n q  & D e w s b u r y ,  1 9 7 9 ) .  t h e  n o r t h e r n  q r a s s h o ~ p e r  m o u s e ,  

Onychp~xg & e u c o q g _ s i g g  ( R u f f e r ,  1 9 6 5 )  , t h e  southern a r a s s h o a ~ e r  

m o u s e ,  Q, &gg&&&g~ ( H o r n e r  & T a y l o r ,  1 9 6 8 ;  W c C a r t y  & S o u t h u i c ~ ,  

1 9 7 7 ) ,  t h e  u i e a d o u  v o l e ,  B $ & ~ g t s ~  E ~ ~ Y S J ~ V ~ ~ ~ E ~ S ,  t h e  C a l i f o r n i a  

v o l e ,  E, ml&fogn_icgg ( H a t f  i e l d ,  1 9 3 5 )  , the p r a i r i e  v o l e ,  M, 

Q ~ h ~ g g g g t e ~ ,  a n d  t h e  m o n t a n e  v o l e ,  8, aggjtpqys ( H a r t u n u  & 



D e v s b U r y ,  1 9 7 9 ) .  T h e  p a r e n t a l  b e h a v i o u r s  t y p i c a l l y  o b s e r v e d  i n  

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

n e s t - D u i l d i n q ,  p u p  l i c k i n q  a n d  t h e  a s s u m p t i o n  of a n u r s i n q  

p o s t u r e .  These b e h a v i c u r s  a re  i d e n t i c a l  t o  t h o s e  e x h i b i t e d  k v  

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

( B e n i e s t - N o i r o t ,  1 9 5 8 ) .  In some s p e c i e s ,  e.q., Bps !r iysgyJps ,  

males h a v e  been r e p o r t e d  t o  d i s p l a y  t h e  same level of p a r e n t a l  

care a s  l a c t a t i n q  females ( P r i e s t n a l l  G Y o u n q ,  1978) .  The 

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

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

is f a c i l i t a t e d ,  

I n  q e n e r a l ,  p a t e r n a l  care  of  t h e  T o u n q  is t h o u q b t  t o  occur 

i n  t h o s e  s p e c i e s  uhich are m o n o a a m o u s ,  o r  where s t r o n s  

p a i r - b o n d s  a r e  formed a n d  w h e r e  s r a t i n a  i.itrtners c o n t i n u e  t o  

a s s o c i a t e  a f t e r  p a r t u r i t i o n  ( K l e i m a n n ,  1 9 ? 7 ) ,  T h e r e  i s ,  a l s o  

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

also t e n d  t o  e x h i b i t  male p a r e n t a l  care ( B e a c h ,  1 4 6 7 )  . 
W h y  t h e s e  p a r t i c u l a r  s o c i a l  c o n d i t i o n s  seea t o  f a c i l i t a t e  

male p a r e n t a l  ca re  h a s  b e e n  e x p l a i n e d  b y  t h e  s o c i o b i o l o q i c a l  

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

a n d  p a r e n t a l  i n v e s t f r i e n t  ( H a m i l t o n ,  1 9 6 4 ;  Trivers,  1 9 7 2 ;  Y i l s o n ,  

1 9 7 5 ) .  A c c o r d i n s  t o  t h i s  p e r s p e c t i v e ,  a b e h a v i o u r  is  a d a p t i v e  i f  

i t  i n c r e a s e s  an i n d i v i d u a l ' s  i n c l u s i v e  fitness or  t h e  t o t a l  

number o f  c o p i e s  of an i n d i v i d u a l t s  qenes c o n t r i b u t e d  t o  the 

f u t u r e  qene p o o l .  S i n c e  k i n  c a r r y  c o p i e s  of a n  i n d i v i d u a l ' s  

Penes, fitness c a n  b e  m a x i m i z e d  b y  b e h a v i n q  t a l t r u i s t i c a l l v  ' 



t o n a r d s  o n e ' s  k i n  t o  e n s u r e  t h e i r  s u r v i v a l  a n d  r e c r o d u c t i o n .  O n e  

e x a m p l e  o f  t h i s  ' k i n  s e l e c t i v e '  b e h a v i o u r  is  t h ~  h e l p i n q  

b e h a v i o u r  e x h i b i t e d  by  p a r e n t s  t o u a r d s  t h e i r  o f f s p r i n q ,  t e r s ~ a  

p a r e n t a l  i n v e s t m e n t  (Tr i v e r s ,  1 9 7 2 ) .  

I n  m a m m a l s  t h e  m e c h d n i s m s  of i n t e r n a l  fertilization a n C  

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

a c t u a l l y  r e l a t e d  t o  h e r .  R u t  t h e  p r o b a b i l i t y  of  p a r e n t h o o d  is 

lower f o r  t h e  @ a l e  a s  h i s  p u t a t i v e  o f f s p r i n a  c o u l a  be  t h e  r e s u l t  

of k l e p t o q a r n r  (May E s o b e r t s o n ,  1980) a n d  a r e  n o t  n e c e s s a r i l y  

h i s  b i o l o q i c a l  o f f s p r i n q .  T h e r e f o r e ,  t o  a v o i d  i n v t s t i n ~  i n  

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

a l t e r n a t i v e  s t r a t e q i e s  t o  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  

( T r i r e r s ,  1 9 7 2 ) .  

F o r  e x a m p l s ,  i t  may b e  a d a p t i v e  for a male t o  i n v e s t  l i t t l e  

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

c o n c e i v e  a s  m a n y  o f f s p r i n q  as p o s s i b l e  b y  w a t i n q  w i t h  m a n y  

females. T h e  p r o b l e m  w i t h  t h i s  s t r a t e a a  is t h a t  i t  l e a c i s  t o  a 

s i t u a t i o n  o f  d i m i n i s h i n q  r e t u r n s ,  T h e  l e s s  time a n d  e n e r q y  a 

male s p e n d s  w i t h  e ach  female  a n d  h e r  o f f s p r i n q ,  t h e  lower t h e  

p r o b a b i l i t y  of p a t e r n i t 7  a n d  the less l i k e l y  are h i s  o f f s p r f n s  

t o  s u r v i v e .  A n o t h e r  a f t e r n a t i v a  is t o  r e m a i n  w i t h  h i s  mate b u t  

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

example, i n  s p e c i e s  w h e r e  p a i r - b o n d s  a r e  forms3 o r  u h e r e  t h e r e  

is a h i q h l y  s t r u c t u r e d  s o c i a l  o r q a n i z a t i o n  i t  may b e  p o s s i b l e  

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

a c c u r a c y ,  S u c h  s o c i a l  c o n d i t i o n s  allow a male t o  s o n i t o r  h i s  



a c t i v i t i e s  a s  u e l l  a s  assess t h e  relatedness o f  o f f s c r i n q  

by p h e n o t y p i c  c u e s .  F e r h a p s  t h i s  i s  whv monosamy  a n d  p a i r - b o n d  

f o r m a t i o n  a re  u s u a l l y  a s s o c i a t e d  w i t h  h i q h  l e v e l s  o f   ale 

p a r e n t a l  c a r e ,  

T h e r e  is  e v i a e n c e  t h a t  w i l d  g u  g ! y . ~ s g & g ~  l i v e  i n  h i a h l v  

s t r u c t u r e d  s o c i a l  u n i t s  ( B r o n s o n ,  1 Y ? 9 )  , U n d e r  t h e s e  c o n d i t i o n s  

t h e  males of t h i s  s p e c i e s  h a v e  t h e  o p p o r t u n i t y  t o  a s sess  

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

male m o u s e  i n  a s s e s s i n q  t h e  deqree of r e l a t e d n e s s  b e t u e e n  

himself a n 6  o f f s p r i n q  h a v e  n o t  y e t  b e e n  elucidates. Br e x i t m i u i n i r  

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

p o s s i b l e  t o  e d u c e  s u c h  f a c t o r s  and  p r e d i c t  Bore precisely t h e  

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

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

a n d  is one of t h e  a l t e r n a t i v e  s t r a t e q i e s  t h a t  a male c a n  a d o p t  

t o  i m p r o v e  h i s  i n c l u s i v e  f i t n e s s ,  K i l l i n a  o f  a n o t h e r  ma le ' s  

o f f s p r i n q  may i n c r e a s e  t h e  fitness o f  a n  i n f a n t i c i d a l  male,  by 

r e d u c i n q  t h e  n u m b e r  o t  c o m p e t i n a  aanes i n  t h e  qene  poo l  ( X r d y ,  

1 9 7 7 ) .  I t  may a l s o  i n c r e a s e  f i t n e s s  i f  t h e  male, by k i l l i n q  a 

female's o f f s p r i n q ,  i n d u c e s  h e r  i n t o  e s t r u s  and  i s  t h e n  a b l e  t o  

mate w i t h  h e r  ( H r d y ,  1977; vom S a a l  & H o w a r d ,  1 9 8 2 ) .  Thus u h e n  

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

h i q h ,  or  u h e n  t h e  c u e s  t o  p a t e r n i t y  a r e  lackinq i n  h i s  

e n v i r o n m e n t ,  i t  B a y  be p r o f i t a b l e  f o r  t h e  wale t o  b e  

i n f a n t i c i d a l .  T h u s  t h e  p r e s e n c e  or a b s e n c e  of c u e s  u h i c h  s i a n a l  



i n f a n t i c i d a l  a s  u e l l  a s  p a r e n t a l .  

The s t u d i e s  of i n f a n t i c i d e  i n  male  ice ( L a b o v ,  1980;  vow 

S a a l  E ~ o w a r d ,  1982)  i s o l a t e d  s e v e r a l  f a c t o r s  w h i c h  a f f e c t  

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

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

1. n a t i n q  e x p e r i e n c e .  W h e t h e r  a male mates b e f o r r  h e  is  exposec 

t o  o f f s p r i n o  seems t o  be o n e  of t h e  s o s t  i m p o r t a n t  f a c t o r s  

i n  p r e a i c t i n q  w h e t h e r  a wale w i l l  ccarnit i n f a n t i c i d e .  I n  

b o t h  t h e  Labov ( 1 9 8 0 )  a n d  von S a a l  6 H o w a r d  {1962)  s t u d r e z  

males t h a t  mated, r e q a r d l e s s  of t h e  other c o n d i t i o n s ,  

e x h i b i t e d  lower l e v e l s  of i n f a n t i c i d e  t h a n  t h o s e  t h a t  d ~ d  

n o t .  

2. G e n e t i c  r e l a t e d n e s s .  w h e t h e r  t h e  y o u n q  a r e  a c t u a l l y  r e l a t e d  

t o  a sale s h o u l d  have an effect on t h e  level of i n f a n t i c i o e .  

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

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

( O s t e r e t e y e r  E E l w o o d ,  7983) . G e n e t i c  r e l a t e d n e s s  R a y  a l s o  b e  

i n f e r r e d  by p r i o r  m a t i n g  or  c o h a b i t a t i o n  e x p e r i e n c e  w i t h  t h e  

a o t h e r .  b prel iminary s t u d y  by Labov (1980) i n d i c a t e &  t h a t  

 ales were more l i k e l y  t o  k i l l  u n r e l a t e d  v e r s u s  r e l a t e d  

o f f s p r i n q ,  

3 .  C o h a b i t a t i o n .  C o n t i n u o u s  c o h a b i t a t i c n  or  a s s o c i a t i o n  w i t h  a 

p r e q n a n t  f e m a l e  b e f o r e  p a r t u r i t i o n  h a s  been s h o w n  t o  reduce 

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

1980) . The l o n q e r  a s a l e  c o h a b i t e d  w i t h  a female before  s h e  

gave b i r t h  t h e  less l i k e l y  h e  was t o  k i l l  h e r  o f f s p r i n a ,  

5 



i r r e s p e c t i v e  o f  w h e t h e r  h e  s i r e a  t h e & .  A r e c e n t  

i n t e r p r e t a t i o n  (Lown ,  1 9 8 0 )  o f  t w o  s t u d i e s  c o i r c e r n e d  w i t h  

p a r e n t a l  c a r e  i n  mice ( G a n d e l m s n  e t  a l . ,  1 9 7 0 ;  P r i e s t n a l l  & 

Y o u n q ,  1 9 7 0 )  h a s  a l s o  p o i n t e d  9 u t  t h a t  a s s o c i a t i o n  u i t h  a 

f e m a l e  seems t o  f a c i l i t a t e  p a t e r n a l  care .  

C y  i n f o r m a l  o b s e r v a t i o n s  o n  l a b o r d t o r y  mice, By$ tnu8$yays, 

h a v e  i n d i c a t e d  t h a t  a h i a h  d e q r e e  of male p a r e n t a l  ca re  o c c u r s  

i n  t h i s  s p e c i e s .  T h e  p u r p o s e  of t h i s  r e s e a r c h ,  t h e r e f o r e ,  was t o  

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

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

male mice, m a t i n q  experience, q e n e t i c  r e l a t e d n e s s  o f  y o u n a  a n a  

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

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

i m p o r t a n t  ro l e  i n  t h e  c o m m u n i c a t i o n  system of mice ( Y r o n s o n ,  

1 9 7 4 )  a n  a d d i t i o n a l  f a c t o r ,  t h e  a b s e n c e  of t h e  o d o u r  o f  s t r a n u e  

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

n e q a t i ~ e l y  t o  t h e i r  mates a f t e r  t h e y  h a d  been p a i n t e d  u i t h  t h e  

u r i n e  o f  a n  u n f a m i l i a r  o r  s t r a n a e  male. 

A d d i n s  or  s u b t r a c t i n q  t h e s e  f o u r  f a c t o r s  f r o %  t h e  s o c i a l  

c o n d i t i o n s  o f  t h e  male r e s u l t s  i n  36 p o s s i b l e  c o m b i n a t i o n s  o r  

g r o u p s .  O f  t h e s e ,  t h r e e  q r o u ~ s  were c h o s e n  f o r  t h e  p r e s e n t  

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

f u t u r e  r e s e a r c h .  T h e  q r o u p s  c h o s e n  were t h o s e  t h a t  best 

r e p r e s e n t  t h e  lowest ,  h i q h e s t  a n d  i n t e r m e d i a t e  n u ~ b e r  of cues t o  

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

test of  t h e  h y p o t h e s i s  t h a t  t h e  o c c u r r e n c e  a n d  i n t e n s i t y  o f  male 



p a r e n t a l  care i s  G e t e r m i n e d  by t h e  n u m b e r  o f  cues  t o  p a t e r n i t y  

p r e s e n t  i n  a indle's e n v i r o n m e n t .  

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

t h r e e  u r o u p s  o f  a a l e  mice. T h i s  d e s i q n  i s  o u t l i n e d  i n  T a b l e  1.  

I n  t h e  4 c u e  q r o u p ,  t h e  male was m a t e d  a n d  t h s n  c o h a b i t e d  

c o n t i n u o u s l y  w i t h  h i s  mate t h r o u s h o u t  q e s t a t i o n .  Thg males i n  

this q r o u p  u e r e  t h e r e t o r e  t h e  b i o l o q i c a l  f a t h e r s  o f  t h e  p u p s  

they were o b s e r v e d  u i t h .  I n  t h e  s e c o n d  q r o u p ,  2 c u e ,  t h e  wales 

were a l s o  a a t e d  b u t  t h e  f e m a l e s  u e r e  r e m o v e d  s h o r t l y  a f t e r  

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

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

a g a i n  w i t h  t h e  new wale ( B r u c e ,  l96O). T h u s  t h e  xitales i n  t h i s  

q r o u p  d i d  n o t  c o h a b i t  c o n t i n u o u s l y  u i t h  t h e i r  n a t e s .  I n s t e a 6  

feealer  u e r e  r e i n t r o d u c e d  i n t o  t h e  male ' s  h c m e  caae s e v e r a l  d a y s  

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

u r i n e  of s e v e r a l  s t r a n q e  males j u s t  b e f o r e  b e i n q  r e i n t r o d u c e d .  

A s  i n  t h e  4 c u e  q r o u p ,  t h e  a a l e s  were t h e  s i r e s  o f  t h e  o f f s ~ r i n a  

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

p r e s e n t  i n  t h i s  c o n d i t i o n  - - m a t i n a  e x p e r i e n c e  a n d  a e n e t i c  

r e l a t e d n e s s  of p u p s .  I n  t h e  l o c u e  q r o u p  t h e  s a l e  d i d  n o t  sate o r  

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

p u p s  w i t h  uhom h e  u a s  o b s e r v e d .  I n  t h i s  q r o u p  p r e a n a n t  females, 

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

S t r a n q e  males, were i n t r o d u c e d  i n t o  t h e  malees h o m e  c a w  j u s t  

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

were p r e s e n t  i n  t h i s  c o n d i t i o n .  
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Table 1. Experimental design. 

Cues t o  
p a t e r n i t y  Groups 

bcue 2cue Nocue 

Mating 
experience 

Relatedness 
of o f f sp r ing  

Continuous 
cohabitat ion 

Odour of  
s trange males 

The male i s  The male i s  The male i s  
mated. mated. not mated. 

The male i s  The male i s  The male i s  
t h e  s i r e  of  t h e  s i r e  of not t h e  s i r e  
t h e  pups he t h e  pups he of t h e  pups 
i s  observed i s  observed he i s  observed 
with. with.  with. 

The male co- The female A pregnant 
hab i t s  with i s  removed female i s  
a female f o r  10 days. introduced 
throughout j u s t  before  
ges ta t ion .  p a r t u r i t i o n .  

No u r ine  of Urine of Urine of 
s t range  males s t r ange  s t range  
i s  pa in ted  on males i s  males i s  
t h e  female. pa in ted  on pain ted  on 

t h e  female. t h e  female. 



P r e d i c t i o n s  a b o u t  t h e  l e v e l  of p a r e n t a l  care e x h i b i t e d  by 

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

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

e x p e c t e d  w h e r e  t h e r e  *ere  m o r e  c u e s  t o  p a t e r n i t y .  T h e  spec i ; t i c  

p r e d i c t i o n s  were t h u s :  

1 .  4 c u e  males, w i t h  t h e  m a x i ~ u m  n u m b e r  cf c u e s  t o  p a t e r n i t y ,  

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

lowest l e v e l s  of n o n - p a r e n t  a 1  b e h a v i c u r .  

2 *  2cue males, u i t h  a n  i n t e r s e d i a t e  n u m b e r  of c u c s  t o  p a t e r n i t y  

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

n o n - p a r e n t a l  b e h a v i o u r *  

3. N o c u e  males ,  u i t h  n o  c u e s  t o  p a t e r n i t y  u i l l  d i s p l a y  t h e  

lowest  l e v e l s  of p a t e r n a l  care a n d  t h e  h i c n e s t  l e v e l s  o t  

n o n - p a r e n t a l  b e h a v i o u r .  

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

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

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

of i n f a n t i c i d e ,  t h e  f i r s t  t w o  c u e s  o f  m a t i n q  e x p e r i e n c e  a n d  

q e n e t i c  r e l a t e d n e s s  of p u p s  h a v e  a qreater e f f e c t  t h a n  

c o n t i n u o u s  c o h a b i t a t i o n  a n d  s t r a n q e  male u r i n e  t h e n  we m i ~ h t  

e x p e c t  t h e  2 c u e  q r o u p  t o  b e  i n t e r m e d i a t e  b u t  more c l o s e l y  

resemble t h e  4cue q r o u p  t h a n  the N o c u e  q r o u p .  I f  t h e s e  two p a i r s  

of c u e s  a r e  s i m i l a r  i n  s t r e n q t h  t h e n  we w o u l d  e x p e c t  t h e  2cue 

q r o u p  t o  l i e  d i r e c t l y  b e t u e e n  t h e  4 c o e  a n d  R o c u e  u r o u p s  o n  these 

b e h a v i o u r s .  



Hethods 

A n i m a l s  

T w e l v e  s i n a l e  males a n d  36 male/female p a i r s  o f  v i r a i n  CD-1 

a l b i n o  h o u s e  mice, gys g g ~ ~ i ~ & g ~ ,  were o b t a i n e d  frcm a closeC 

c o l o n y  a t  t h e  U n i v e r s i t y  o f  B r i t i s h  C o l u f u b i a .  A 1 1  mice were 

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

t h e  t e w p e r a t u r f  set  a t  20 deqrees C. a n d  h u s i d i t y  a t  50%. X 

l i q h t  c y c l e  of t 2D/12L  was set w i t h  l i ~ h t s  on a t  0 3 0 0  h r s .  A 1 1  

mice u e r e  h o u s e &  i n  p o l y p r o p y l e n e  s h o e b o x  caqes w i t h  o w a u e  

s i d e s  a n d  f i t t e d  wire  lids. P u r i n a  Lab Chou a n d  water uere 

p r o v i d e d  a d  l i k i t u ~ .  

P r o c e d u r e  

R o u s e  p a i r s  were d i v i d e d  r a n d o m l y  i n t o  t h e  t h r e e  q r o u u s ,  

4 c u e ,  2cue a n d  kocue,  a n d  m a t e d .  (The m a t e d  N o c u e  males were 

l a t e r  d i s c a r d e d  a n d  r e p l a c e d  by t h e  1 2  sinqle v i r q i n  s a f e s  a n  

whom t h e  o b s e r v a t i o n s  u e r e  r e c o r d e d . )  The 1 2  s i n q P e  raales uere 

h o u s e d  i n  q r o u p s  a n d  t h e n  i n  i n d i v i d u a l  cases t o  c o r r e s u o n d  t o  

i t h e  t i a e  t h e  Y c u e  a n d  Z c u e  males were h o u s e d  u i t h  t h e i r  mates  o r  

a l o n e ,  On t h e  f i f t h  d a y  of  m a t i n a  females  fro^ t h e  2 c u e  a n d  

W o c u e  q r o u p s  were removed a n d  i s o l a t e d  from t h e i r  mates. The 



Y c u e  f e m a l e s  r e E a i n e d  u i t h  t h e i r  mates  f o r  t h e  a u r a t i o n  of t h e  

e x p e r i m e n t .  A f t e r  t e n  d a y s  of s e p a r a t i o n  2 c u e  females were 

r e t u r n e d  t o  t h c i r  mate's caqes .  Before b e i n q  r e t u r n e d ,  t h e s e  

females u e r e  p a i n t e d ,  u i t h  u r i n e  o b t a i n e d  from u n f a m i l i a r  m a t u r e  

males ,  o n  b o t h  t h e  p o s t e r i o r  a n o q e n i t a l  a n d  a n t e r i o r  r e a i o n s  of 

t h e  b o d y .  A t  t h i s  same time, N o c u e  f - e m a l e s  u e r e  p a i n t e d  a n d  

i n t r o d u c e d  t o  t h e  N o c u e  v i r q i n  males h o u s e d  s i n a l y .  A t  t h i s  

p o i n t ,  females t h a t  were n o t  v i s i b l y  p r e q n a n t  a n d  t h e i r  mates 

were r e m o v e d  f r o m  t h e  e x p e r i m e n t .  A t  t h e  e n d  of t h i s  p r o c e d u r e  

2 5  p a i r s  r e m a i n e d - - s e v e n  i n  t h e  4 c u e  q r o u p  a n d  n i n e  i n  e a c h  of 

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

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

O b s e r v a t i o n s  

O b s e r v a t i o n s  of e a c h  m a l e ' s  b e h a v i c u r  w i t h  t h e  y o u n a  u e r e  

@ a d e  b e t w e e n  1 2 0 0  a n d  1 8 0 0  h o u r s  o n  t h r e e  c o n s e c u t i v e  d a y s  

s t a r t i n q  t h e  d a y  f o l l o w i n q  p a r t u r i t i o n .  C b s e r v a t i o n s  uere 

r e c o r d e d  u i t h  t h e  malt i n  t h e  h o m e  c a g e  f o r  a p e r i o d  of 20 

m i n u t e s .  F o o d  a n d  water b o t t l e  were l e f t  i n t a c t  t o  e n s u r e  a 

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

was r e ~ o v e d  from t h e  c a q e  d u r i n a  t h i s  time a n d  p l a c e d  s o a e  

d i s t a n c e  from t h e  home  caqe. To f a c i l i t a t e  t e s t i n q  f o r  p u p  

r e t r i e v a l  b e h a v i o u r  two p u p s  H e r e  r e m o v e d  from t h e  n e s t  a n d  

p l a c e d  i n  t h e  c o r n e r  of t h e  caqe d i a q o n a l l y  o p p o s i t e  t h e  n e s t  a t  

t h e  b e q i n n i n q  o f  e a c h  d a y .  D u r i n q  e a c h  d a y  t h e  p a r e n t 3 1  



b e h a v i o u r s  of l i c k i n y ,  r e t r i e v i n q ,  c o v e r i n q ,  n 2 s t i n a  a n d  n u r s i n a  

( l i s t e d  i n  Table 2 ,  a d a p t e d  f r o m  P r i e s t n a l l  & Y o u n q ,  1 9 7 8  a n d  

H a r t U n G  E Dewsbary, 1 9 7 9 )  were r e c o r d e d .  T h r e e  m e a s u r e s  o f  

n o n - p a r e n t a l  b e h a v i o u r ,  a c t i v e ,  b i t i n q  a n d  i n f a n t i c i d e  (see 

T a b l e  2 ) ,  u e r o  a l s o  recorded. T h e  last two b e h a v i o u r s  a r e  

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

is a m e a s u r e  o f  h y p e r a c t i v i t y  r a t h e r  t h a n  n o r m a l  a c t i v i t y .  X 

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

m o v e d  r a p i d l y  a b o u t  i n  t h e  c a q e .  D u r i n ~  t h i s  time t h e y  w o u l d  

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

sometimes s t o m y i n q  o n  them i n  t h e  n e s t .  T h e r e f o r e  t h i s  b e h a v i o u r  

was c a t e q o r i z e d  a s  n o n - p a r e n t a l .  B e h a v i o u r s  t h a t  u e r e  n e i t h e r  

p a r e n t a l  n o r  n o n - p a r  e n t  a 1  were r e c o r d e d  u n d e r  a s e p a r a t e  

* t n e u t r a l * '  c a t e a o r y  a n d  a r e  n o t  r e p o r t e d  h e r e .  These i n c l u d e d  

b e h a v i o u r s  s u c h  a s  e a t i n q ,  d r i n k i n a  a n d  s e l f  - q r o o i r i i n u .  E a c h  

b e h a v i o u r  was r e c o r d e d  on  a Bore a v e n t - r e c o r d e r  i n  terms of 

f r e q u e n c y ,  d u r a t i o n  a n d  t i a e  of o c c u r r e n c e .  Observations u e r e  

r e c o r d e d  d o u b l e - b l i n d .  A s t u d y  of i n t e r  o b s e r v e r  r e l i a b i l  i t v  

r e v e a l e d  s i q n i f i c a n t  c o r r e l a t i o n s  ( 0 . 7 6 5  r 50.99, p10.02) 

b e t u e e n  the scores  of  b o t h  O ~ S ~ S U ~ E S  f o r  t h e  t o t a l  d u r a t i o n  of 

b e h a v i o u r s .  D e t a i l s  o f  t h i s  test for  e a c h  v a r i a b l e  are q i s e n  i n  

A p p e n d i x  A .  



Table 2. Behaviour ca tegor ies  used i n  t h e  observation procedure. 

Pa ren ta l  behaviours 

Licking The male i s  l i c k i n g  any p a r t  of a pup's body, usual ly  
concentrat ing on t h e  ano-genital region.  

Ret r ieving The male i s  car ry ing o r  at tempting t o  c a r r y  a pup i n  
t h e  d i r e c t i o n  of t h e  n e s t  by holding it i n  i t s  mouth. 

Covering 

Nesting 

Nursing 

The male i s  carry ing nes t ing  mate r i a l  t o  t h e  n e s t  i n  
i t s  mouth and e i t h e r  covers t h e  young with t h i s  
ma te r i a l  o r  drops it i n  t h e  near  v i c i n i t y  (wi th in  1 
inch)  of t h e  nes t .  

The male i s  s i t t i n g  o r  l y i n g  i n  t h e  nes t  with t h e  
young. A l l  four  f e e t  a r e  wi th in  t h e  nes t  a r e a  and 
t h e r e  i s  v e n t r a l  contac t  with t h e  pups o r  nes t  
s u b s t r a t e .  

The male 's  body i s  arched, i n  a nursing pos ture  over 
one o r  more pups i n  t h e  n e s t  and no o the r  movement i s  
apparent .  

Non-parental behaviours 

Active 

Bi t ing  

The male i s  hyperact ive i n  t h e  cage, i . e . ,  moving 
rap id ly  back and f o r t h  i n  t h e  cage o r  swinging from 
t h e  ba r s  but  not car ry ing a pup o r  nes t ing  mate r i a l .  

The male i s  b i t i n g  a pup. The pup i s  not severe ly  
wounded. 

I n f a n t i c i d e  The male, a f t e r  i n i t i a l l y  b i t i n g  a pup, at tempts t o  
e a t  it o r  a por t ion  of  it. The pup i s  severe ly  
wounded o r  d ies  subsequently. 



R e s u l t s  

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

e n q a q e c ?  i n  each c a t e g o r y  of b e h a v i o u r ,  e x c e p t  " r e t r i e v i n q W  was 

c o m p u t e d .  T h e  n o n - p a r c n  t a l  c a t e q o r i r s  o f  ' * b i t i n q t '  a n d  

* ' i n f a n t i c i d e K f  v e r e  d r o p p e d  f r o m  t h e  a n a l y s i s  s i n c e  n e i t h e r  ctr 

t h e s e  b e h a v i o u r s  u e r e  o b s e r v e d  i n  t h e  f o r ~ a l  O b s e r v a t i o n  

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

o b s e r v a t i o n s .  B e c a u s e  1 e v e 1  of p a r e n t a l  care m a y  b e  i n f l u e n c e d  

b y  l i t t e r  s i z e  a n  A H O V A  ( r e p e a t e d  m e a s u r e s )  was u s e d  t o  t e s t  f o r  

d i f f e r e n c e s  i n  l i t t e r  s i z e  b e t w e e n  q r o u p s  o v e r  t h 6  t h r e e  d a y  

o b s e r v a t i o n  p e r i o d .  L i t t e r  s i z e  d i d  n o t  d i f f e r  s i q n i f i c a n t l y  

b e t w e e n  q r o u p s  o r  o v e r  days (pL0.05). 

O n l y  d a t a  f r o i n  t h e  f i r s t  d a y ' s  o b s e r v a t i o n s  were i n c l u d e d  

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

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

d a y  o b s e r v a t i o n  p e r i o d .  T a b l e  3 c o n t a i n s  t h e  a v e r a q e  d u r a t i o n  o f  

e a c h  b e h a v i o u r  summed  o v e r  q r o u p s  f o r  e a c h  d a y .  An A N O V A  

( r e p e a t e d  m e a s u r e s )  was u s e d  t o  test f o r  d i f f e r e n c e s  between 

d a y s .  S a m p l e  s i z e s  d i f f e r  s f i q h t l y  b e c a u s e  a f e u  e x t r e m e  v a l u e s  

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

t o  b e  s i q n i f i c a n t l y  d i s c o r d a n t  ( p S 8 . 0 t )  from t h e  rest  of t h e  

s a m p l e  v a l u e s  ( B a r n e t t  E L e u i s ,  1 9 7 8 ) .  T h e  d u r a t i o n  of p a r e n t a l  

b e h a v i o u r s ,  w i t h  t h e  e x c e p t i o n  of w c o v e r i n a w ,  i n c r e a s e d  o v e r  

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



Table 3. Effect of day on duration (seconds) of parental and non-parental 
behaviours in all groups combined. (~ean + SE) 

Days 

Behaviour 1 , 2 3 Day factor b 

Licking 25 33.0 
+ 10.1 - 

Covering 24 15.0 
+ 4.5 - 

Nesting 25 221.2 
+ 57.9 - 

Nursing 25 11.7 
+ 5.3 - 

Active 22 197.4 
+ 45.4 - 

a 
N's differ for behaviours because significantly discordant (e.01) 

values (~arnett & Lewis, 1978) were not included in the computations. 

Determined by ANOVA repeated measures. 



T h e s e  d i f f e r e n c e s  uere s i u n i f  i c a n t  f o r  " n u r s i n y t C  (~50.05). 

' l n e s t i n q w  (pI0.01) a n C  a c t i v e  ( p l O . 0 5 )  . The o r e a t e s t  q r o l r p  

d i f f e r c - n c e s  uere o b s e r v e d  i n  the f i r s t  d a y s  a n d  these  

d i f f e r e n c e s  q r a d u a l l y  u i a i n i s h e d .  F i q .  1 c o n t a i n s  a p l o t  o f  t h e  

c h a n q e s  i n  k e h a v i o u r  " n e s t i n q U  o v e r  d a y s  a n d  a c r o s s  q r o u ~ s  a n d  

is  a n  e x c e l l e n t  e x a m p l e  of t h i s  d a y  effect. A s i q n i f i c a n t  G r o u p  

x  T r i a l  i n t e r a c t i o n  uas n o t  present f o r  a n y  of the o b s e r v e d  

b e h a v i o u r s .  

P l a n n e d  p a i r  wise c o m p a r i s o n s  ( o n e - t a i l e d )  , (Keppel, 1 9 8 2 )  

were u s e a  t o  test t h e  p r e d i c t e d  d i f f e r e n c e s  b e t w e e n  t h e  three 

q r o u p s .  T a b l e  Q c o n t a i n s  t h e  a v e r a q e  d u r a t i o n  o f  e a c h  b e h a v i o u r  

across  q r o u p s  i n  the f i rs t  d a y s .  R e m o v a l  of e x t r e m e  v a l u e s  ( b y  

t h e  s aEe  c r i t e r i a  u s e d  i n  t h e  d a y  e f f ec t  d a t a )  r e s u l t e d  i n  

s l i q h t l y  d i f f e r e n t  sample s i z e s  a c r o s s  b e h a v i o u r s .  T h e  Ucue mice 

e x h i b i t e d  more ~ a r e n t a l  ( l i c k i n a ,  c o v e r i n a ,  n u r s i n q ,  n e s t i n c r )  

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

d i f f e r e n c e s  u e r e  s i q n i f i c a n t  (p<O.DSf b e t w e e n  4 c u e  a n d  N o c u e  

q r o u p s  o n  all m e a s u r e s  e x c e p t  " l i c k i n q N  a n d  " n u r s i n q " ,  where 

t r e n d s  i n  the p r e d i c t e d  d i r e c t i o n  were p r e s e n t  (~50.1) . A l a r a e  

a m o u n t  of v a r i a n c e  i n  t h e  d a t a  c o n t r i b u t e d  t o  t h e  l a c k  of 

s i q n i f i c a n c e  o n  t h e s e  t u o  v a r i a b l e s ,  T h e  4cue a n d  2cue aroups  

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

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

Z c u e  a n d  N o c u e  q r o u p s  a l s o  d i d  n o t  d i f f e r  s i q n i f i c a n t l y  o n  a n y  

m e a s u r e s  e x c e p t  f o r  " n u r s i n q "  w h e r e  a t r e n d  (plO.1) i n  the 

p r e d i c t e d  O i r e c t i o n  was f o u n d .  
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Table 4. Duration (seconds) of p a r e n t a l  and non-parental behaviours 
between groups on Day 1. ( ~ e a n  5 SE) 

Comparisons of 
Behaviour N~ li cue 2cue Nocue group means 

Licking 25 56.9 26.9 .20.7 
+ 28.5 2 13.9 2 10.1 - 

Covering 2 4 24.9 14.4 5.6 
+ 10.5 + 7 .1  + 5.2 - 

Nesting 2 5 328.7 269.2 89.6 
+143.4 2 9 9 . 3  2 4 9 . 7  - 

Nursing 23 7.8 7.7 0.0 
+ 0.0 + 4.7 + 4.9 - - 

Active 25 106.0 221.0 279.8 
+ 48.8 2 78.7 + 73.9 - 

bcue > Nocue 
4cue 7 2cue 
2cue 7Nocue 

h u e  > Nocue 
h u e  7 2cue 
2cue > Nocue 

bcue) Nocue 
h u e  > 2cue 
2cue)~ocue  

kcue < Nocue 
4cue (2cue 
2cue< Nocue 

a 
N 1 s  d i f f e r  f o r  behaviours because extreme values t h a t  were s i g n i f i c a n t l y  

discordant  ( p  60.01) ( ~ a r n e t t  and L e w i s ,  1978) w e r e  not included i n  t h e  
computations. 



" F . ~ t r i e v i r i ~ "  u a s  a n a l y s e d  s e p a r a t e l y   fro^ t h e  other 

v a r i a b l e s  becabse i t  k a s  n o t  m e a n i n q f u l  t o  e x a m i n e  t h e  t o t s 1  

d u r a t i o n  o f  t h i z  b e h a v i o u r .  I n s t e a d  t h e  n u m b e r  of p u p s  r e t r i e v e d  

a n d  t h e  l a t e n c y  t o  r e t r i e v e  t h e  f i r s t  p u p  u a s  e x a m i n e d .  T a b l e  5 

c o n t a i n s  t h c  m e a n  n u m b e r  o f  p u ~ s  r e t r i e v e d  f o r  each q r o u ~  o n  

e a c h  d a y .  G r o u ~ s  d i f f e r e d  o n l y  s l i u h t l y  ( ~ 2 0 ~ 0 5 )  o n  the meart  

n u a b e r  o f  p u p s  r e t r i e v e d  a n 6  t h e  n u m b e r  o f  p u p s  r t t r i ~ v e d  d i d  

n o t  d i f f e r  o v e r  d a y s  ( p 2 O . l ) .  

I n  q e n e r a l  most males r e t r i e v e d  b o t h  p u p s  s o o n  a t  t ~ r  the 

b e a i n n i n o  o f  t h e  o b s e r v a t i o n  p e r i o d .  I n  81.3% of t h k  75  

o b s e r v a t i o n  p e r i o d s  b o t h  p u p s  were r e t r i e v e d ,  i n  16.0% n o n e  were 

r e t r i e v e d  a n ?  i n  2.6% o n l y  o n e  p u p  uas r e t r i e v e d .  O f  t h e  males 

t h a t  d i d  r e t r i e v e  a t  l e a s t  one p u p  t h e  a v e r a q e  t i r e  t o  r e t r i e v e  

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

(pL.O.1). G r o u p  scores were t h e n  c o m b i n e d  i n  a n  A N O V A  ( r e p e a t e i !  

measures) t o  test  f o r  d i f f e r e n c e s  a c r o s s  q r o u p s .  ficr. 2 i s  a 

p l o t  of t h e  l a t e n c y  t~ r e t r i e v e  t h e  f i r s t  p u p  o v e r  d a y s  sumsirri; 

a c r o s s  q r o u p s ,  T h e r e  was a s i c r n i f i c a n t  a a y  ef fec t  ( ~ 5 0 . 0 5 )  u i t h  

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

d a y s .  



Table 5. Number of pups retrieved in each group over all days. ( ~ e a n  
+ SE) - 

a 
Group 

a 
Group factor n.s. ANOVA repeated measures ( ~ = 2 5 )  

b 
Day factor n.s. ANOVA repeated measures 
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D i s c u s s i o n  

I n  a e n e r n ?  an  a p p r e c i a b l e  a m o u n t  o f  p a r e n t a l  c a re  was 

e x h i b i t e d  by  t h c  m a l e s  i n  a l l  q r o u p s .  B a l e s  were o f t e n  o b s e r v e d  

c r o u c h i n q  o v e r  a p o r t l o n  of  t h e  l l t t e r  i n  t h e i r  o u n  n e s t .  U F u ~  

s t e a l i n q w ,  w h e r e  a male w o u l d  t a k e  a p u p  f r o m  u n a e r  t h e  f e m a l e  

a n d  p l a c e  i t  i n  h i s  own n e s t ,  was n o t  uncommon.  O n e  4cue male 

a n d  fe~tiale u e r e  s e e n  h a w i n q  a " t u a  o f  warw w i t h  s e v e r a l  p u p s .  

A n o t h e r  4 c u e  male uas o b s e r v e d  h e l ~ i n q  a t  t h e  b i r t h  o f  t h e  

l i t t e r  b y  l i c k i n q  o f f  t h e  e m b r y o n i c  s acs .  V i r a i n  females h a v e  

a l s o  b e e n  o b s e r v e d  a s s i s t i n q  a t  t h e  b i r t h  of a l i t t e r  ( G a n d e l w a n  

e t ,  e l . ,  1970)  h u t  t o  my k n o w l e d q e  t h i s  i s  t h e  f i r s t  r e p o r t  of a 

male d o i n q  so. 

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

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

d i r e c t i o n  b e t w e e n  t h e  4 c u e  a n d  N o c u e  q r o u p s ,  The b e h a v i o u r  

" r e t r i e v i n q H  was t h e  o n l y  e x c e p t i o n  t o  t h i s ,  Males r e t r i e v e d  

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

f i r s t  o p p o r t u n i t y  t h e y  h a d  to  r e t r i e v e .  R e t r i e v a l s  were o f t e n  

c l u m s y  a t  f i r s t  b u t  became more precise a n d  e f f i c i e n t  by t h e  

t h i r d  d a y .  

Because 2 c u e  males d i d  n o t  d i f f e r  s i q n i f i c a n t l y  f r o a  e i t h e r  

t h e  4 c u e  o r  N o c u e  males i t  was n o t  p o s s i b l e  t o  d e t e r m i n e  u h i c h  

p a i r  of c u e s  had the q r e a t e r  i n f l u e n c e  c n  m a l e  p a r e n t a l  care .  

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



uere o f  e q u i v a l e n t  i m p o r t a n c e ,  a s s u m i n a  n o  i n t e r a c t i o n s  were 

P r e s e n t .  O n l y  t u r t h e r  r e s e a r c h  w i l l  a l l o u  t h e  s e p a r a t i o n  o f  t h e  

r e l a t i v e  effects o f  e a c h  f a c t o r  e x a m i n e d  i n  t h e  p resen t  

r e s e a r c h .  

The presence of a d a y  e f fec t  i n  t h e  d a t a  u a s  n o t  

h y p o t h e s i z e d  b u t  is n o t  s u r p r i s i n q .  I t  s e e m e d  t h a t  both 4 c u e  a n d  

2cue males u e r e  ' p r i m e d *  t o  e x h i b i t  p a r e n t a l  b e h a v i o u r  u h i l c  i t  

t o o k  N o c u e  wales l o n q e r  t o  d i s p l a y  t h e s e  b e h a v i o u r s .  I t  h a s  b e e n  

p o s t u l a t e d  t h a t  e x p o s u r e  t o  p u p s  ( R o s e n b l a t t ,  1 9 6 7 ;  B r o w n ,  1 9 8 1 )  

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

t o  b e h a v e  p a r e n t a l l y  ( E l w o o d ,  1 9 7 7 ) .  E x p o s u r e  t o  p u p s  h a s  been 

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

( B r o u n , l 9 8 1 ) .  Ka le s  o f t e n  l i c k  t h e  f e m a l e ' s  a n o q e n i t a l  r e u i o n  

a n d  i n q e s t i o n  cf p r o q e s t e r o n e  m e t a b o l i t e s  may i n f l u e n c e  thelr 

b e h a v i o u r .  I n  t h e  p r e s e n t  s t u d y   ales u e r e  a l s o  f r e q u e n t l y  

o b s e r v e d  e a t i n q  feces a n d  t h u s  may h a v e  i n g e s t e d  female  

me tabo l i t e s  t h i s  u a y .  I t  u o u l d  c e r t a i n l y  b e  t o  t h e  te~a1e.s 

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

w h i l e  i n h i b i t i n u  i n f a n t i c i d e .  

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

s a t i n g  d u r i n q  p o s t - p a r t u e  e s t r u s  may h a v e  t r i a a e r e d  p a r e n t a l  

care i n  t h e  d a y s  a f t e r  b i r t h .  h l t h o u q h ,  i t  seems u n l i k e l y  t h a t  a 

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

i n f a n t i c i d e  i n  male mice (vom Saa l  e t .  a l . ,  1 9 8 2 )  r e p o r t e d  t h a t  

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

t o  b e i n q  e x p o s e d  t o  p u p s .  T h i s  s u a q e s t s  t h a t  e i t h e r  t h e  o n s e t  o f  



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

t o o k  three w e e k s  a f t e r  m a t i n q  f o r  t h e  male t o  d e v e l o p  p a r e n t a l  

ca re .  

NO i n f a n t i c i d e  or  b i t i n q  a p u p  were o b s e r v e d  i n  the fo rmal  

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

a q q r e s s i v e ,  b e h a v i o u r s  were o b s e r v e d .  I t  i s  p o s s i b l e  t h a t  t h e s e  

b e h a v i o u r s  c o u l d  h a v e  o c c u r r e d  a t  o t h e r  times b u t  t h e  f a c t  t h a t  

t h e r e  was n o t  a s i q n i f i c a n t  decrease i n  l i t t e r  s i z e  f r o @  b i r t h  

t o  f o u r  d a y s  p o s t  p a r t u r n  a r q u e s  a a a i n s t  t h i s  p o s s i b i l i t y ,  I t  is 

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

a q q r e s s i o n  b y  t h e  ifialcis. F e m a l e  r a t s  d e a c n s t r a t e  p a s t - u a r t u m  

a q q r e s s i o n  ( G a n d e l m a n  G S i a o n ,  1980) a n d  a r e  b e l i e v e d  t o  

" c o n d i t i o n w  males t o  a v o i d  t h e  y o u n q  ( B r o w n ,  1 9 8 f ) ,  U n l i k e  t h e  

s t u d i e s  o f  i n f a n t i c i d e  i n  a i c e ,  w h e r e  t h e  males were tes ted  m i t t  

i s o l a t e d  p u p s  (e.q., L a b o v ,  1 9 8 0 ) .  t h e  f e m a l e s  i n  t h i s  s t u d y  

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

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

T h e  o n e  case of i n f a n t i c i d e  b y  a m a l e  t h a t  I i n f o r m a l l y  

o b s e r v e d ,  c o u p l e d  w i t h  t h e  k n o w l e d q e  t h a t  I h a v e  c o ~ g i l e d  from 

w o r k i n a  w i t h  t h e s e  a n i m a l s ,  does n o t  s u p p o r t  t h e  l i k e l i h o o d  of 

m a t e r n a l  p r o t e c t i o n  of p u p s .  I n  t h i s  case  a H o c u e  s a l e  a t e  a n d  

k i l l e d  a p p r o x i ~ a t e l y  o n e  h a l f  of t h e  l i t t e r  a s  i t  was b e i n q  

b o r n .  T h e  female d i d  n o t  r e s p o n d  t o  t h e  a a l e s  activities a n d  

made  n o  a t t e m p t  t o  p r o t e c t  o r  r e t r i e v e  t h e  p u p s  t c  t h e  nest a s  

t h e y  were p u l l e d  a w a y  b y  t h e  male. 



Two o t h e r  cases of i n f  a n t i c i d a  o r  S u s p e c t e d  i n • ’  a n  t i c i d e  

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

f e m a l e  ( N o c u e )  a t e  a p o r t i o n  of h e r  l i t t e r .  I n  a n o t h e r  case  

( N o c u e )  s e v e r a l  b i t t e n  c a r c a s s e s  were f o u n d  s h o r t l y  a f t e r  b i r t h  

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

i n v o l v e d .  I t  s h o u l d  b e  n o t e d  t h a t  i n  a l l  cases of i n f a n t i c i c e  

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

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

i t  o v e r  i n  i t s  p a w s  a n d  b e q a n  s a t i n q  i t ,  much as  i t  w o u l d  a f o o d  

p e l l e t .  I t  seems t h a t  o n l y  j u v e n i l e s  a n d  a d u l t s  a r e  a t t a c k e d  i n  

a n  a d u l t  f a s h i o n .  

I n  s u n m a r y ,  t h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  4 c u e  malks 

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

t h e  3 o c u e  wales .  T h e  Z c u e  m a l e s  were i n t e r m e d i a t e  o n  several 

m e a s u r e s  b u t  d i d  n o t  d i f f e r  s i q n i f i c a n t l y  f r o @  t h e  4 c u e  or N o c u e  

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

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

c o n t i n u o u s  c o h a b i t a t i o n  w i t h  a female o r  absence of the o d o u r  of 

s t r a n q e  males i n f l u e n c e s  t h e  i n t e n s i t y  c f  wale p a r e n t a l  care.  I t  

was n o t  p o s s i b l e ,  h o w e v e r ,  t o  d e t e r m i n e  t h e  r e l a t i v e  e f f e c t s  of 

t h e  i n d i v i d u a l  c u e s .  T h e  d i f f e r e n c e s  b e t u e e n  q r o u p s  were 

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

o n  s u b s e q u e n t  days.  

T h e  p r e v a l e n c e  of male p a r e n t a l  c a r e  m a y  i n d i c a t e  i t s  

i m p o r t a n c e  i n  t h e  e v o l u t i o n  o f  t h i s  s p e c i e s .  A l t h o u a h  no 

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



h o u s e  mice i t  i s  p o s s i b l e  t h a t  a male who d i s p l a y s  P a r e n t a l  

O e h a v i o u r s  may i n c r e a s e  t h e  s u r v i v a l  of h i s  o f f s p r i n q  by 

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

stray from t h e  n e s t ,  s t i w u l a t i n q  a n d  c l e a n i n u  t h e m  a n d  b y  

s t a y i n q  i n  t h e  n e s t  t o  p e r h a p s  p r o t e c t  them f r o m  c o n s p e c i f i c  a s  

well a s  e x t r a  s p e c i f i c  i n t r u d e r s .  F u t u r e  l o n q i  t u d i n a l  research 

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

b e n e f i t  of p a t e r n a l  care  i n  t h i s  species.  



APPENDIX A 

Table 1. Signif icance  t e s t s  f o r  in terobserver  r e l i a b i l i t y .  

a  
Behaviour R e l i a b i l i t y  b  Signif icance  l e v e l  

Licking 

Retrieving 

Covering 

Nesting 

Nursing 

Active 

a  
The t o t a l  dura t ion of each behaviour, except " re t r ieving" ,  was 

used i n  t h e  computations. Latency t o  r e t r i e v a l  of f i r s t  pups 
was examined i n  t h i s  t e s t  ins tead  of t o t a l  durat ion.  ( ~ = 2 5 )  

Pearson c o e f f i c i e n t  of co r re la t ion .  
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