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S u m m a r y .  The c r o s s - n u r s i n g  technique  was used  to a s s e s s  the r e l a t i v e  i m p o r t a n c e  of  p rena ta l  and postnata l  
m a t e r n a l  in f luences  on growth in m i c e  f rom an unse l ec t ed  populat ion o r ig ina ted  f rom a c r o s s  of four highly 
inb red  s t r a i n s .  Body weights  w e r e  s tudied  at b i r th ,  7 - ,  14- ,  21- and 42-days ,  in addi t ion to the weight gains 
be tween  these  ages  and tai l  length at 21 and 42 days of age .  At l i t t e r i ng ,  each dam in each nurs ing  se t  r e -  
ta ined two of he r  own of fspr ing  and two w e r e  t r a n s f e r e e d  to each of the o ther  dams  in the se t ,  so that each 
n u r s e d  l i t t e r  conta ined s ix  young r e p r e s e n t i n g  t h r ee  m o t h e r s .  P r e n a t a l  in f luences  accounted  for  37, 15, 10, 
11 and 13 ~ of  the total  v a r i a t i o n  in the r e s p e c t i v e  body weights ,  while  postnata l  in f luences  accounted  for 0, 
64, 65, 49 and 14g at the r e s p e c t i v e  a g e s .  In the c a s e  of  weight ga ins ,  p rena ta l  in f luences  w e r e  r e s p o n s i b l e  
for  16, 4, 6 and 30~,  while  pos tnata l  in f luences  w e r e  r e s p o n s i b l e  for  66, 66, 31 and 7~ of the total  v a r i a -  
t ion in gain dur ing the r e s p e c t i v e  four pe r iods  examined .  Apparen t ly  the individual  weight  gain f rom 7 to 14 
days was a be t t e r  m e a s u r e  of the lac ta t iona l  p e r f o r m a n c e  of  the dam than individual  14-day weight .  F o r  tai l  
length,  p rena ta l  in f luences  accounted  for 6 ~ and 4 ~ of the total  va r i a t i on  in tai l  length at 21 and 42 days ,  
r e s p e c t i v e l y ,  while  pos tna ta l  in f luences  accounted  for 60 ~ and 24 ~ at the r e s p e c t i v e  a g e s .  Gene ra l l y ,  t h e r e  
was no indica t ion  of an impor t an t  i n t e r ac t ion  be tween the n u r s e  and the nu r sed  young at any s tage  s tud ied .  
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In t roduct ion  

Mate rna l  in f luences  a r e  an impor t an t  s o u r c e  of v a r i a -  

t ion in m a m m a l i a n  s p e c i e s .  The m a t e r n a l  env i ron -  

ment  p rov ided  by the f e m a l e  may be spl i t  into two m a -  

j o r ,  p h a s e s ,  i . e .  the p rena ta l  ( the p e r i o d  f rom ovula-  

tion to pa r t u r i t i on )  and the pos tnata l  ( the p e r i o d  f rom 

p a r t u r i t i o n  to wean ing) .  Cox and Wil lham (1962) r e -  

p o r t e d  that e x p e r i m e n t a l  des igns  u t i l i z ing  planned 

nurs ing  s c h e m e s  p rov ide  one approach  to p r o b l e m s  

c once rn ing  ma te rna l  in f luences  on quant i ta t ive  t r a i t s .  

Lega tes  (1972) r e v i e w e d  g e n e r a l l y  the r o l e  of l a b o r a -  

to ry  an ima l s  in the study of m a t e r n a l  in f luences ,  and 

the u se fu lnes s  of the c r o s s - n u r s i n g  technique  to s e -  

p a r a t e  e x p e r i m e n t a l l y  p rena ta l  and pos tnata l  m a t e r -  

nal in f luences  and to a s s e s s  the i r  r e l a t i v e  i m p o r t a n c e  

on g rowth .  Many w o r k e r s  r e p o r t e d  e x p e r i m e n t s  with 

m i c e  w h e r e  c r o s s - n u r s i n g  technique  was used  to study 

the r o l e  of m a t e r n a l  in f luences  on growth t r a i t s  ( e . g .  

B a t e m a n  1954; Cox et a l .  1959; Young et a l .  1965; 

E1-Oksh et a l .  1967; Nagai 1971; Rut ledge  et a l .  

1972; La s a l l e  and White 1975; Nagai et a l .  1975).  

H o w e v e r ,  the need p e r s i s t s  for  fu r the r  examina t ion  

of r e l a t i v e  changes  with age of  p rena ta l  and pos tnata l  

ma te rna l  in f luences  on growth in m i c e  s i nce  many of 

the p r e v i o u s l y  c i t ed  s tud ies  used  s i m i l a r  gene t ic  

s t ocks .  

The p r e s e n t  study was under taken  to a s s e s s  the r e -  

l a t ive  i m p o r t a n c e  of p rena ta l  and pos tnata l  m a t e r n a l  

in f luences  upon body weight and weight  gains f rom 

bi r th  to s ix  weeks  of age  and on tai l  length m e a s u r e d  

at 2i  and 42 days of age in m i c e .  

Mate r ia l  and Methods 

Source of data and laboratory procedures : 

The mice used in the present study came from an un- 
selected base population. This population was formed 
by crossing four highly inbred strains of mice, name- 
ly: AKR/Bln. .  ; A B / J e n a ;  A / J  Han Jena  and H/ADW 
(which w e r e  main ta ined  by b r o t h e r - s i s t e r  mat ing  for  
about 50 to 150 gene ra t ions  at LVS P r o b s t h e i d a ,  
K a r l - M a r x - U n i v e r s i t y ,  Le ipz ig ) ,  fol lowed by 5 g e n e r -  
a t ions  of random mat ing  us ing  app rox im a te ly  20 s i r e s  
and 40 dams pe r  gene ra t ion .  F i f ty  one m a l e s  (7 to 8 
weeks  old) and 153 c o n t e m p o r a r y  f e m a l e s  w e r e  r a n -  
domly chosen  f rom the base  populat ion and mat ings  
made  among them.  The mat ing  r a t i o  was one m a l e  to 
t h r e e  f e m a l e s ,  avoiding full and half  s ibbing,  and no 
two s i s t e r s  or  half  s i s t e r s  w e r e  ma ted  to the s a m e  
s i r e .  P r e g n a n t  f e m a l e s  w e r e  p laced  in s e p a r a t e  
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c a g e s  a p p r o x i m a t e l y  17 d a y s  p o s t  m a t i n g  a n d  c h e c k e d  
t w i c e  d a i l y  f o r  n e w b o r n  l i t t e r s .  On ly  f i r s t  p a r i t y  l i t -  
t e r s  w e r e  u s e d .  At  p a r t u r i t i o n  t h e  y o u n g  m i c e  w e r e  
a r r a n g e d  in  c r o s s - n u r s i n g  s e t s  of t h r e e  l i t t e r s  e a c h  
a c c o r d i n g  to  t h e  f o l l o w i n g  r e s t r i c t i o n s  : a .  ) The  t h r e e  
l i t t e r s  s h o u l d  b e  b o r n  w i t h i n  t h e  s a m e  12 h o u r  p e r i -  
o d ;  b .  ) E a c h  l i t t e r  s h o u l d  c o n t a i n  a t  l e a s t  s i x  m i c e  
( l i t t e r s  h a v i n g  f e w e r  t h a n  s i x  m i c e  w e r e  e x c l u d e d )  ; 
c .  ) E a c h  s i r e  s h o u l d  b e  r e p r e s e n t e d  by  on ly  o n e  l i t -  
t e r  i n  a g i v e n  c r o s s - n u r s i n g  s e t ;  d .  ) No two s i s t e r s  
o r  h a l f  s i s t e r s  s h o u l d  h a v e  t h e i r  l i t t e r s  i n  t h e  s a m e  
c r o s s - n u r s i n g  s e t  ; e .  ) The  s i r e s  of  t h e  t h r e e  l i t t e r s  
s h o u l d  no t  b e  r e l a t e d  to o n e  a n o t h e r  o r  to e i t h e r  of 
t h e  t h r e e  d a m s .  N e w b o r n  l i t t e r s  w e r e  s e x e d  a s  a c -  
c u r a t e l y  a s  p o s s i b l e ,  s t a n d a r d i z e d  to s i x ,  a n d  e a c h  
m o u s e  w a s  p e r m a n e n t l y  i d e n t i f i e d  by  t oe  c l i p p i n g .  The  
r e m a i n d e r  of  t h e  y o u n g  w e r e  d i s c a r d e d .  I n d i v i d u a l  
b i r t h  w e i g h t s  w e r e  t a k e n  w h i l e  s e t s  w e r e  b e i n g  e s t a b -  
l i s h e d ,  w i t h i n  a p p r o x i m a t e l y  12 h o u r s  a f t e r  t h e  l i t -  
t e r s  w e r e  b o r n .  E a c h  d a m  w a s  t h e n  g i v e n  r a n d o m l y  
two of  h e r  own  y o u n g  a n d  two f r o m  e a c h  of  t h e  o t h e r  
two d a m s  in  h e r  s e t .  A n  a t t e m p t  w a s  m a d e  to e n s u r e  
t h a t  b o t h  s e x e s  w e r e  r e p r e s e n t e d  i n  e a c h  p a i r .  I n d i -  
v i d u a l  w e i g h t s  w e r e  t a k e n  a g a i n  a t  7 - ,  14-  a n d  21 -  
d a y s  of  a g e  to t h e  n e a r e s t  0 . 1  g r a m .  At  21 d a y s  t h e  
y o u n g  w e r e  w e a n e d  a n d  s e g r e g a t e d  by  s e x  i n to  s e p a -  
r a t e  c a g e s ,  w i th  p o s t n a t a l  l i t t e r  m a t e s  o c c u p y i n g  t h e  
s a m e  c a g e .  The  f i n a l  w e i g h i n g  w a s  m a d e  a t  42 d a y s  
of  a g e .  Tai l  l e n g t h s  w e r e  m e a s u r e d  to t h e  n e a r e s t  
0 . 1 c m .  a t  21 a n d  42 d a y s  of  a g e .  In  a d d i t i o n ,  t h e  
a m o u n t  of  g a i n  m a d e  d u r i n g  t h e  r e s p e c t i v e  p e r i o d s ,  
n a m e l y  f r o m  b i r t h  to  7 d a y s ,  f r o m  7 to 14 d a y s ,  
f r o m  14 to 21 d a y s  a n d  f r o m  21 to 42 d a y s  of  a g e ,  
w e r e  o b t a i n e d .  Tap w a t e r  a n d  a s t a n d a r d  c o m m e r c i a l -  
ly p r e p a r e d  p e l l e t e d  r a t i o n  (M~iuse -  u n d  R a t t e n f u t t e r ,  
R 09)  w e r e  s u p p l i e d  a d  l i b i t u m .  The  l a b o r a t o r y  w a s  
m a i n t a i n e d  a t  a p p r o x i m a t e l y  22~ a n d  60 70 r e l a t i v e  
h u m i d i t y  w i t h  a c o n t i n u o u s  l i g h t  to  d a r k n e s s  r a t i o  of  
12 h r .  l i g h t  to  12 h r .  d a r k n e s s .  

S t a t i s t i c a l  P r o c e d u r e s  

P r i o r  to  a n a l y s i s  t h e  d a t a  w e r e  a d j u s t e d  f o r  s e x  d i f -  
f e r e n c e s  by  u s i n g  a m u l t i p l i c a t i v e  c o r r e c t i o n  f a c t o r  
s i m i l a r  to  t h a t  d e s c r i b e d  b y  F a l c o n e r  ( 1 9 5 3 ) .  

The  m a t h e m a t i c a l  m o d e l  u s e d  in  t h e  s t a t i s t i c a l  a n a -  
l y s i s  of  t h e  d a t a  w a s  i d e n t i c a l  to  t h e  o n e  u s e d  by  Cox  
e t  a l .  ( 1 9 5 9 )  a n d  d e s c r i b e d  by  L e g a t e s  ( 1 9 7 2 )  a s  fo l -  
l o w s  : 

yam = ~ + ak + Pt + (ap)k~ + eke, ; w h e r e  y~m i s  
t h e  m e a s u r e d  t r a i t  t a k e n  on  t h e  m th  y o u n g  b e l o n g i n g  
to t h e  i th l i t t e r  a s  r e a r e d  a n d  k th l i t t e r  a s  b o r n ,  ~ i s  
t h e  g e n e r a l  m e a n  of  t h e  s e t ,  ak a n d  Pt a r e  t h e  e f f e c t  
of  t h e  k th a c t u a l  ( p r e n a t a l )  a n d  1 th n u r s e  ( p o s t n a t a l )  
m o t h e r s ,  r e s p e c t i v e l y ,  ( ap)~ t  i s  t h e  i n t e r a c t i o n  of  t h e  
p r e n a t a l  a n d  p o s t n a t a l  e f f e c t s  a n d  eke. i s  t h e  e f f e c t  of  
d i f f e r e n c e s  a m o n g  l i t t e r  m a t e s  ( fu l l  s i b s )  b o r n  a n d  
r e a r e d  a l i k e .  A s s u m p t i o n s  w e r e  m a d e  t h a t  t h e  ak ,  pt, 
(ap)k t  a n d  ekt. a r e  i n d e p e n d e n t  r a n d o m  v a r i a b l e s ,  e a c h  
w i t h  m e a n  z e r o ,  a n d  w i t h  v a r i a n c e s  v~ ,  ~ ,  a~p a n d  
a~ ,  r e s p e c t i v e l y .  G e n e t i c  i n t e r p r e t a t i o n  of  t h e  v a r i o u s  
e f f e c t s  h a v e  b e e n  g i v e n  by  Cox  e t  a l .  ( 1 9 5 9 ) ,  R u t l e d g e  
e t  a l .  ( 1 9 7 2 )  a n d  L e g a t e s  ( 1 9 7 2 ) .  

R e s u l t s  a n d  D i s c u s s i o n  

Body  W e i g h t s  

T a b l e  1 s h o w s  t h e  m e a n  s q u a r e s ,  c o m p o n e n t s  of  v a r i -  

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

v a r i a n c e  in  body  w e i g h t s  s t u d i e d .  P r e n a t a l  i n f l u e n c e s  

w e r e  h i g h l y  s i g n i f i c a n t  ( P  < 0 . 0 1 )  f o r  a l l  w e i g h t s  

e x a m i n e d .  They  w e r e  i m p o r t a n t  f o r  b i r t h  w e i g h t  a c -  

c o u n t i n g  fo r  37 ~ of  t h e  v a r i a n c e  in  t h i s  t r a i t ,  bu t  t h e y  

w e r e  r e s p o n s i b l e  f o r  o n l y  1 5 ~ ,  1070 a n d  11 70 of  t h e  

v a r i a n c e  in  w e i g h t  a t  7 - ,  14-  a n d  2 1 - d a y s  of  a g e ,  r e -  

s p e c t i v e l y .  At  42 d a y s ,  t h e  p r e n a t a l  e f f e c t s  a c c o u n t -  

e d  f o r  13 70 of  t h e  t o t a l  v a r i a n c e  in  i n d i v i d u a l  b o d y  

w e i g h t s  a t  t h i s  a g e .  The  p r e n a t a l  c o m p o n e n t  of  v a r i -  

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

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

d i f f e r e n t  l i t t e r s .  T h e r e f o r e ,  i t  w a s  e x p e c t e d  t h a t  t h i s  

c o m p o n e n t  a n d  t h e  e r r o r  c o m p o n e n t  wou ld  i n c l u d e  a l -  

m o s t  a l l  t h e  v a r i a t i o n  in  b i r t h  w e i g h t .  T h e r e a f t e r ,  i n  

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

s t i l l  h i g h l y  s i g n i f i c a n t  ( P  < 0 . 0 1 )  u n t i l  42 d a y s  of  a g e  

( T a b l e  1 ) .  S i m i l a r  r e s u l t s  w e r e  r e p o r t e d  by  Cox  e t  

a l .  ( 1 9 5 9 )  a n d  Young  e t  a l .  ( 1 9 6 5 ) .  They  f o u n d  t h a t  

p r e n a t a l  e f f e c t s  a c c o u n t e d  f o r  38 70, 6 to  1270 a n d  1870 

of  t h e  t o t a l  v a r i a n c e  in  b i r t h  w e i g h t ,  21 -  a n d  4 2 - d a y  

w e i g h t ,  r e s p e c t i v e l y .  E 1 - O k s h  et  a l .  ( 1 9 6 7 ) ,  N a g a i  

( 1 9 7 1 )  a n d  R u t l e d g e  e t  a l .  ( 1 9 7 2 )  r e p o r t e d  t h a t  p r e -  

n a t a l  i n f l u e n c e s  w e r e  r e s p o n s i b l e  f o r  61 70, 52 70 a n d  

50 70, r e s p e c t i v e l y ,  of  t h e  v a r i a n c e  in  b i r t h  w e i g h t .  The  

d e s c r e p a n c y  b e t w e e n  t h e s e  e s t i m a t e s  a n d  t h e  p r e s e n t  

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

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

t h e  a d d i t i v e  g e n e t i c  v a r i a n c e  in  body  w e i g h t  p l u s  f r a c -  

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

a s  t h e  e f f e c t s  of  i n t r a u t e r i n e  e n v i r o n m e n t .  H o w e v e r ,  

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

_ r ~  ~ ,~  ~ u d i n g s  of  t h e  p r e s e n t  e x p e r i m e n t .  

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

s t a t i s t i c a l l y  ~ , l ~ l y  s i g n i f i c a n t  ( P  < 0 . 0 1 )  f o r  e v e r y  

s t a g e  s t u d i e d  ( T a b l e  1 ) .  The  p o s t n a t a l  c o m p o n e n t  

c o n t a i n s  t h e  v a r i a n c e s  due  to  m a t e r n a l  i n f l u e n c e s .  

P r e s u m b l y  t h i s  wou ld  b e  m a i n l y  t h r o u g h  l a c t a t i o n  ( B u t -  

l e r  a n d  M e t r a k o s  1 9 5 0 ) .  H o w e v e r ,  t h i s  c o m p o n e n t  a l -  

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

f e c t s  ( H a f e z  1963 ;  R o s e n b e r g  e t  a l .  1 9 7 0 ) .  The  p o s t -  

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

s m a l l  n e g a t i v e  v a l u e  a n d  i t  w a s  a s s u m e d  to b e  z e r o .  

The  e x p e c t a t i o n  of  t h i s  c o m p o n e n t  f o r  b i r t h  w e i g h t  i s  

z e r o ,  s i n c e  p o s t n a t a l  i n f l u e n c e s  h a v e  no t  b e e n  e x -  

p e r i e n c e d  a t  t h i s  p o i n t  by  t h e  y o u n g  m i c e .  T h i s  s u p -  

p o r t s  t h e  p r e v i o u s  r e p o r t s  (Cox  e t  a l .  1959 ;  Y o u n g  

e t  a l .  1965 ;  E 1 - O k s h  e t  a l .  1967 ;  N a g a i  1971 ;  R u t -  
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Table 1. Ana lys i s  of v a r i a n c e  for  individual  weights  at b i r th  (W o ) ,  7 days (Wv) ,  14 days (W~4),  21 days 
(W21) and 42 days (W4e) 
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Source  of va r i a t i on  d . f .  W 0 W 7 W14 W21 W42 

Mean Squares  

P r enatal  
Pos tna ta l  
P r e n a t a l  • Pos tna ta l  
within 

Components  of v a r i a n c e  

P r enatal  

Pos tna t a l  

P r e n a t a l  • Pos tna ta l  

within 

(2) 

(Op2) 
(~2ap) 

(~2 e) 

76 0.0475 ++ 0.4098 ++ 0.5094 ++ 1.5347 ++ 4.8420 ++ 
76 a 0.0083 1.4887 ++ 2.4817 ++ 4.8185 ++ 4.8539 +.+ 

152 b 0.0095 0.0833 0.1579 0.6233 2.2740 
342 ~ 0.0109 0.0682 0.1331 0.5093 2.2906 

Components  of v a r i a n c e  as p e r c e n t  of total  d 

Prenatal (2) 

Pos tna ta l  ( ~p ) 

P r e n a t a l  • Pos tna ta l  (V2ap) 

within (~2 e) 

0.0063 0.0544 0.0586 0.1519 0.4280 

-0 .0002  0.2342 0.3873 0.6992 0.4300 

-0 .0007  0.0075 0.0124 0.0510 -0 .0083  

0.0109 0.0682 0.1331 0.5093 2.2906 

37 15 I0 11 13 

0 64 65 49 14 

0 2 2 4 0 

63 19 23 36 73 

a 66 for  W7, 54 for  W14 and W21, 24 for  W42 

b 132 for  W7, 108 for  W14 and W21, 48 for W42 

~ 297 for  W7, 243 for  W14 and W21, 108 for  W42 

d Nega t ive  e s t i m a t e s  of  these  components  a s s u m e d  

as zero 

++ Sta t i s t i ca l ly  s igni f icant  (P < .01) 

l ege  et a l .  1972).  The i m m e d i a t e  and l a r g e  inf luence  

of the pos tnata l  env i ronmen t  Ks shown by the r e s u l t s  

for  the weight  at 7 - ,  1 4 - a n d  21-days ,  whe re  pos tna-  

tal in f luences  account  for  64 g, 65 7~ and 49 ~ of the 

total  v a r i a n c e ,  r e s p e c t i v e l y .  These  r e s u l t s  ind ica te  

the i m p o r t a n c e  of the pos tna ta l  ma te rna l  p e r f o r m a n c e  

of the dam (mi lk  produc ing  abi l i ty  plus any m a t e r n a l  

abi l i ty  a s s o c i a t e d  with behav iour )  in de t e rmin ing  the 

growth of the young dur ing the suckl ing  p e r i o d .  F u r t h e r -  

m o r e ,  the r e s u l t s  ind ica te  a l so  (as  expected)  that the 

m a x i m u m  inf luence  of the pos tnata l  env i ronmen t  was 

at 14 days of age .  J a r a - A l m o n t e  and White (1972) 

d e t e r m i n e d  the l ac ta t ion  c u r v e  in l a b o r a t o r y  m i c e  by 

u t i l i z ing  the d i f f e r ence  in body weight  of a l i t t e r  be -  

fo re  and a f t e r  a 1.5 hour  nurs ing  p e r i o d  to obtain mi lk  

weigh ts .  The lac ta t ion  c u r v e  r e a c h e d  a max im um  be-  

tween days 13 and 14 post  p a r t u m .  On the o ther  hand, 

the young m i c e  begin to consume  so l id  food at a round 

14 days of age as soon as the i r  eyes  open.  Af ter  this  

t i m e  the d i f f e r ences  in genic  va lues  for  growth would 

be expec ted  to e x e r t  an in f luence  on the an ima l s  

growth r e s p o n s e .  Howeve r ,  the v a r i a n c e  in the weight  

at 21 days i s  s t i l l  l a r g e l y  inf luenced  by the pos tna ta l  m a -  

t e rna l  env i ronmen t  (Table 1 ) .  This sugges t s  that growth 

in m i c e u n t i l  about 21 days of age is  inf luenced m o r e  by 

postnata l  m a t e r n a l  d i f f e r ences  than by d i r ec t  genet ic  

d i f f e r e n c e s .  At 42 days of age ,  the pos tnata l  compo-  

nent r e p r e s e n t s  only 14 7~ of the v a r i a n c e  in individual  

we igh ts .  Howeve r ,  this ind ica tes  that the pos tnata l  

m a t e r n a l  inf luence  of the n u r s e  was n e a r l y  as i m p o r -  

tant a s o u r c e  of va r i ab i l i t y  in the weights  of the young 

as  w e r e  the h e r e d i t a r y  and u t e r i ne  f ac to r s  which cause  

m e m b e r s  of a l i t t e r  to be m o r e  a l ike  than indiv iduals  

f rom un re l a t ed  l i t t e r s  ( p r e n a t a l ) ,  until sexual  m a t u r i -  

ty .  The p r e s e n t  r e s u l t s  a g r e e  f a i r ly  well  with those  in 

the l i t e r a t u r e .  Cox et a l .  (1959) ,  Young et a l .  (1965) 

and E1-Oksh et a l .  (1967) r e p o r t e d  that pos tnata l  ef-  

fec ts  account  for  o v e r  60 % of the total  v a r i a n c e  in 
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Table 2. Analys i s  of v a r i a n c e  for individual  weight  gains f rom bi r th  to 7 days 
(W• - Wv) ,  f rom 14 to 21 days (W~• - W• and f rom 21 to 42 days (W4~ - 

Theor .  Appl .  Genet .  51 (1977) 

(Wv - Wo),  f rom 7 t o  14 days 
W2~) 

Source  of va r i a t i on  d . f .  W 7 - W 0 W14 - W 7 W21 - W14 W42 - W21 

Mean Squares  

P r e n a t a l  
Pos tna ta l  
P r e n a t a l  • Pos tna ta l  
within 

Components  of v a r i a n c e  

P r e n a t a l  

Pos tna ta l  

P r e n a t a l  • Pos tna ta l  

within 

66 0.4152 ++ 0.0929 ++ 0.5354 ++ 1.2777 ++ 
66 a 1.5058 ++ 0.7176 ++ 1.2668 ++ 0.6160 ++ 

132 b 0.0675 0.0526 0.3562 + 0.3893 + 
297 c 0.0646 0.0491 0.2570 0.2386 

a) 
(~) 
(~2ap) 

(r e) 

Components  of v a r i a n c e  as pe r cen t  of total  

P r e n a t a l  (2) 

Pos tna ta l  (r 

P r e n a t a l  • Pos tna ta l  (~2ap) 

within (~2 e) 

0 .0580 0.0067 0.0299 0.1481 

0.2397 0.1108 0.1518 0.0378 

0.0014 0.0017 0.0496 0.0754 

0.0646 0.0491 0.2570 0.2386 

16 4 6 30 

66 66 31 7 

0,4 1 I0 15 

17 29 53 48 

54 for  W 1 4 - W  7 and W 2 1 -  W14, 24 for  W 4 2 - W 2 1  

D 108 for W 1 4 -  W 7 and W21 - W14, 48 for W 4 2 -  W21 

r 243 for  W 1 4 -  W 7 and W21 - W14, 108 for W 4 2 -  W21 

+ s t a t i s t i c a l l y  s igni f icant  (P < .05) 

++ s t a t i s t i c a l l y  s ign i f ican t  (P < . 01) 

7 - ,  14- and 21-day weight ,  while  at 42 days of age 

this  inf luence  has  dec l ined  by app rox ima te ly  50 ~. 

Rut ledge  et a l .  (1972) ind ica te  that the p e r c e n t  v a r i -  

ance  due to postnata l  n u r s e s  had a max imum at 12 

days ,  account ing for  68 ~ of the v a r i a n c e  in individual  

weights  at this  age .  T h e r e a f t e r ,  a dec l ine  was ob- 

s e r v e d ,  yet  s igni f icant  pos tnata l  m a t e r n a l  e f fec t s  

w e r e  p r e s e n t  to day 49. 

None of the p rena ta l  by pos tnata l  i n t e r ac t ions  was 

s t a t i s t i c a l l y  s igni f icant  (Table 1 ) .  The p rena ta l  by 

postnata l  i n t e r ac t ion  could a r i s e  through incompa t i -  

b i l i t i e s  between the genotype of the m o u s e  and the 

nut r i t ional  (mi lk)  or  cage  env i ronment  p rov ided  by 

the n u r s e .  The in t e r ac t ion  component  was pos i t i ve  

(except  for  b i r t h -  and 42-day we igh t ) ,  but gene ra l l y  

accounted  for l e s s  than 4 ~ of the v a r i a n c e  in ind iv id-  

ual weights  at d i f fe rent  a g e s .  These r e s u l t s  sugges t  

that the effect  of t r a n s f e r r i n g  young f rom prena ta l  en-  

v i ronmen t s  of one mo the r  to postnata l  env i ronmen t s  

of another  mo the r  is  un impor tan t .  The finding sup-  

po r t s  the p r e v i o u s  r e p o r t s  (Cox et a l .  1959; Young 

et a l .  1965; E1-Oksh et a l .  1967; Nagai et a l .  1971; 

Nagai 1971; Rut ledge  et a l .  1972).  

The e r r o r  component  of v a r i a n c e  which a lso  con-  

ta ins  the r e m a i n i n g  genotypic v a r i a n c e  in weight  and 

the random env i ronmen ta l  in f luences ,  r e p r e s e n t e d  

63~,  19N, 23~,  36N and 73~ of the total  v a r i a n c e  in 

the va r ious  body weights  examined  (Table 1 ) .  

Weight Gains 

Estimates of mean squares and variance components 

derived from analysis of variance of weight gains 

examined are shown in Table 2. The components of 

variance expressed as a percentage of the total vari- 

ance are also given. The prenatal component of vari- 

ance represented a highly significant (P < 0.01 ). 16 ~, 
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4 7', 6 ~ and 30 7' of the total  v a r i a n c e  in gain dur ing 

the p e r i o d  f rom b i r th  to 7 days ,  7 to 14 days ,  14 to 

21 days and 21 to 42 days ,  r e s p e c t i v e l y .  The max i -  

mum inf luence  of the p rena ta l  env i ronment  was thus 

dur ing the pos tweaning gain pe r iod  (21 to 42 d a y s ) .  

This ind ica tes  that individual  genet ic  f a c to r s  inf luenc-  

ing growth b e c o m e  r e l a t i v e l y  m o r e  impor t an t  a f t e r  

weaning.  In c o n t r a s t ,  Young et a l .  (1965) ,  E1-Oks 

et a l .  (1967) and Rut ledge  et a l .  (1972) found that 

p rena ta l  in f luences  accounted  for only 13 7', 2 7' and 

6 7', r e s p e c t i v e l y ,  of the total  v a r i a n c e  in gain f rom 

21 to 42 days .  The p e r c e n t  v a r i a n c e  due to p rena ta l  

in f luences  obtained in gain f rom bi r th  to 7 days 

(Table 2) sugges t  that e i the r  the d i r ec t  gene t ic  ef-  

fect  a n d / o r  a c a r r y o v e r  i n t r a u t e r i n e  effect  of the 

p rena ta l  dam may have  r e a l  inf luence  upon gain made  

i m m e d i a t e l y  subsequent  to b i r th .  This r e s u l t  is  in 

a g r e e m e n t  with that of E1-Oksh et a l .  (1967) .  They 

r e p o r t e d  that p rena ta l  in f luences  accounted  for  24 

of the total  va r i a t i on  in g a i n  dur ing the f i r s t  week of 

age .  In c a s e  of weight  g a i n  f rom 7 to 14 days and 

f r o m  14 to 21 days ,  the inf luence  of the p rena ta l  e f -  

f ec t s  c l e a r l y  d e c r e a s e d  (Table 2 ) .  This may r e f l e c t  

the fact  that p rena ta l  in f luences  have  l e s s  effect  upon 

gains  made  dur ing pe r i ods  mos t ly  inf luenced by the 

mi lk  supply p rov ided  by the n u r s e .  These  r e s u l t s  a r e  

i n p a r t i a l  a g r e e m e n t  with those  of E1-Oksh et a l .  (1967) 

who r e p o r t e d  that p rena ta l  e f fec t s  accounted  for  22 

and 6 ~ of  the v a r i a n c e  in gain dur ing the s a m e  two 

p e r i o d s ,  r e s p e c i t v e l y .  

A highly s igni f icant  (P < 0 .01)  pos tnata l  inf luence  

was o b s e r v e d  in all  gain pe r i ods  s tudied  (Table 2 ) .  

Pos tna ta l  m a t e r n a l  in f luences  accounted  for  66 7' of 

the total  v a r i a n c e  in the f i r s t  and second  week's  growth,  

r e s p e c t i v e l y ,  then began a s teady dec l ine  dur ing the 

th i rd  week (31 7') and f inal ly  w e r e  r e s p o n s i b l e  for  on- 

ly 7 7' of  the v a r i a n c e  in gain f rom 21 to 42 days of 

age  (Table 2 ) .  These  f igu res  a r e  s i m i l a r  to those  of  

587':, 607', 447' and 11~ r e p o r t e d  by E1-Oksh et a l .  

(1967) in the s a m e  gain p e r i o d s ,  r e s p e c t i v e l y .  In 

g e n e r a l ,  the data of Cox et a l .  (1959) ,  Young et a l .  

(1965) and Rut ledge  et a l .  (1972) showed s i m i l a r  

t r e n d s .  In the c a s e  of  p rewean ing  gain,  the p r e s e n t  

r e s u l t s  sugges t  that the pos tnata l  e f fec t  of the n u r s e  

has  an impor t an t  inf luence  on growth of the young 

f r o m  bi r th  to 14 days of age .  This pe r iod  is  l a r g e l y  

c h a r a c t e r i z e d  by the lac ta t iona l  p e r f o r m a n c e  of the 

dam ( J a r a - A l m o n t e  and White  1972).  Apparen t ly  the 

individual  weight  gain f rom 7 to 14 days is  a be t t e r  

m e a s u r e  of mi lk  produc t ion  than the individual  14-day 

weight .  Pos tna ta l  in f luences  dur ing this  p e r i o d  of 

growth w e r e  m o r e  impor t an t  than p rena ta l  in f luences  

(667~ v s .  47 ') ,  whi le  in individual  14-day weight  the 

pe r cen t  v a r i a n c e  was (65 7' v s .  10 7,) for  pos tna ta l  

and p rena ta l  in f luences ,  r e s p e c t i v e l y .  S i m i l a r  r e -  

su l t s  w e r e  r e p o r t e d  by Nag ai (1971) .  In c o n t r a s t ,  

E1-Oksh et a l .  (1967) r e p o r t e d  that the abso lu te  14- 

day weight  could be m o r e  s e n s i t i v e  to m e a s u r e  dif-  

f e r e n c e s  in milk  produc t ion  than the individual  weight  

gain f rom 7 to 14 days of age .  

The p rena ta l  by pos tna ta l  i n t e r ac t i ons  w e r e  not 

s igni f icant  (P > 0 ~ 05) dur ing the f i r s t  two gain pe r iods  

(b i r th  to 7 days and 7 to 14 d a y s ) ,  but w e r e  s ign i f i -  

cant  (P < 0 .05)  dur ing the th i rd  and fourth pe r i ods  

(14 to 21 days and 21 to 42 d a y s ) ,  Table 2. Dur ing 

the f i r s t  two gain pe r i ods  the i n t e r ac t i on  be tween 

p rena ta l  and pos tnata l  f ac to r s  was apparen t ly  un im-  

por t an t ,  as  the component  of v a r i a n c e  accounted  for 

l e s s  than 1 7' of the total  v a r i a n c e  in weight  gains~ The 

finding suppor t s  the p r ev ious  r e p o r t s  (Young et a l .  

1965; E1-Oksh et a l .  1967; Rut ledge  et a l .  1972).  The 

i n t e r ac t i on  component  of v a r i a n c e ,  on the o ther  hand, 

accounted  for  10 7' and 157' of the total  v a r i a n c e  in 

weight  gain f rom 14 to 21 days and f rom 21 to 42 

days of age ,  r e s p e c t i v e l y  (Table 2 ) .  These  f igu res  a r e  

in c l o s e  a g r e e m e n t  with those  r e p o r t e d  by E1-Oksh et 

al~ (1967) ,  but a r e  l a r g e r  than those  r e p o r t e d  by 

Young et a l .  (1965) and Rut ledge  et a l .  (1972) .  

Howeve r ,  the p r e s e n t  r e s u l t s  ind ica te  that geno-  

t y p e - e n v i r o n m e n t  i n t e r ac t i on  does not b e c o m e  i m p o r -  

tant until l a te  in the growing p e r i o d  when the genet ic  

d i f f e r ences  in the growing m i c e  b e c o m e  m o r e  i m p o r -  

tant and the pos tnata l  in f luences  of the n u r s e  c e a s e d  

to ac t .  

The e r r o r  component  of v a r i a n c e  r e p r e s e n t e d  17 7', 

29 ~, 53 7' and 48 7~ of the total  v a r i a n c e  dur ing the four  

gain p e r i o d s ,  r e s p e c t i v e l y  (Table 2 ) .  

Tail Lengths 

Table 3 shows the mean  s q u a r e s ,  components  of v a r i -  

ance  and the p e r c e n t a g e s  they r e p r e s e n t  of the total  

v a r i a n c e  in tai l  length at 21 and 42 days of age .  This 

t r a i t  was included because  even though it  is gene t i ca l -  
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Tab le  3. A n a l y s i s  of  v a r i a n c e  fo r  t a i l  l eng th  m e a s u r e d  at  21 days  (T2 ~) and 42 days  
(W~2) 

S o u r c e  of  v a r i a t i o n  d . f .  T21 T42 

Mean  S q u a r e s  

P r e n a t a l  
P o s t n a t a l  
P r e n a t a l  • P o s t n a t a l  
wi th in  

C o m p o n e n t s  of  v a r i a n c e  

P r e n a t a l  

P o s t n a t a l  

P r e n a t a l  • P o s t n a t a l  

wi th in  

(~pZ) 
(%Zp) 
(a2e) 

C o m p o n e n t s  of  v a r i a n c e  as  p e r c e n t  of to ta l  d 

P r e n a t a l  (cr 2)  

P o s t n a t a l  ( Crp 2 ) 

P r e n a t a l  • P o s t n a t a l  (V2ap) 

wi th in  (a  2) 

54 0 .1349  ++ 0 . 1 7 8 4  ++ 
54 a 0 . 7 7 6 7  ++ 0 .3789  ++ 

108 b 0 . 0 6 2 2  0 .1413  + 
243 c 0 . 0 6 5 7  0 . 0 9 2 4  

0 .0121  

0 .1191  

- 0 . 0 0 1 7  

0 . 0 6 5 7  

0 . 0 0 6 2  

0 . 0 3 9 6  

0 . 0 2 4 4  

0 . 0 9 2 4  

6 4 

60 24 

0 15 

34 57 

a 24 fo r  T4~ 
b 48 fo r  T4~ 
~ 108 fo r  T42 
d N e g a t i v e  e s t i m a t e  fo r  th i s  c o m p o n e n t  

a s s u m e d  as  z e r o  

+ S t a t i s t i c a l l y  s i g n i f i c a n t  (P < .05)  
++ S t a t i s t i c a l l y  s i g n i f i c a n t  (P  < .01)  

ly c o r r e l a t e d  ( r  = 0 . 5 9 )  wi th  body we igh t  ( F a l c o n e r  

1954) ,  i t  m a y  be  r e l a t e d  to s k e l e t a l  s i z e  ( G r i i n e b e r g  

1957) .  The p r e n a t a l  and p o s t n a t a l  c o m p o n e n t s  of  v a r i -  

a n c e  a c c o u n t e d  fo r  6 % and  60 % of  t he  to ta l  v a r i a n c e  

in 2 1 - d a y  t a i l  l eng th ,  r e s p e c t i v e l y ,  w h i l e  a s m a l l  n e -  

g a t i v e  v a l u e ,  a s s u m e d  to be  z e r o ,  was  o b t a i n e d  fo r  

t he  i n t e r a c t i o n  c o m p o n e n t .  In t he  c a s e  of  t a i l  l eng th  

at  42 days  of  a g e ,  t he  p r e n a t a l ,  p o s t n a t a l  and i n t e r -  

a c t i o n  c o m p o n e n t s  of  v a r i a n c e  a c c o u n t e d  fo r  4 N, 24 

and 15 g o f  the  to t a l  v a r i a n c e ,  r e s p e c t i v e l y  (Tab le  3 ) .  

The l i t e r a t u r e ,  e x c e p t  t he  s tudy  of  F tu t ledge  et  a l .  

(1972)  s e e m s  d e v o i d  of  any i n f o r m a t i o n  c o n c e r n i n g  

the  p r e n a t a l  and p o s t n a t a l  i n f l u e n c e s  on t a i l  l eng th  a t  

d i f f e r e n t  a g e s .  R u t l e d g e  et  eL1. (1972)  r e p o r t e d  s l i g h t -  

ly h i g h e r  f i g u r e s  of  12 7~ and 29 g fo r  the  p e r c e n t  o f  

v a r i a n c e  due to p r e n a t a l  and p o s t n a t a l  i n f l u e n c e s ,  r e -  

s p e c t i v e l y ,  in t a i l  l eng th  at  42 days  of  a g e .  The r a t i o  

of  p o s t n a t a l  to p r e n a t a l  c o m p o n e n t s  of  v a r i a n c e  a l l o w s  

an  a s s e s s e m e n t  of  the  r e l a t i v e  i m p o r t a n c e  of  t he  two 

s o u r c e s  of  v a r i a n c e .  This  r a t i o  was  9 . 8  and 6 . 8  fo r  

21-  and 4 2 - d a y  t a i l  l eng th ,  r e s p e c t i v e l y .  F u r t h e r m o r e ,  

t he  two r a t i o s  w e r e  l a r g e r  fo r  t a i l  l eng th  than  fo r  body 

w e i g h t  at  the  s a m e  a g e ,  w h e r e  a t  21 days  of  a g e  t h e  

r a t i o  was  9 . 8  v s .  4 . 6  and a t  42 days  of  a g e  was  6 . 4  v s .  

1 . 0  fo r  t a i l  l e n g t h  and body w e i g h t ,  r e s p e c t i v e l y .  

T h e s e  r e s u l t s  s u g g e s t  that  t he  m a t e r n a l  i n f l u e n c e s  on 

t r a i t s  m a y  d i f f e r  e v e n  when  both t r a i t s  a r e  m e a s u r e d  

at  t he  s a m e  a g e .  The  d a t a  of  R u t l e d g e  et  a l .  (1972)  

s h o w e d  s i m i l a r  t r e n d s .  
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