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S u m m a r y .  C o r r e l a t e d  r e s p o n s e s  in ogrowth, body compos i t i on  and e f f i c i ency  w e r e  eva lua ted  in l i nes  of  m i c e  
s e l e c t e d  in the fol lowing ways :  W+T~, i n c r e a s e d  s i x - w e e k  bod~r weight (WT6);  W~ +, i n c r e a s e d  s i x - w e e k  ta i l  
length  (TL6);  W+T~I, i n c r e a s e d  WT6 and d e c r e a s e d  TL6; W-T~, d e c r e a s e d  WT6 and i n c r e a s e d  TL6; M16, i n -  
c r e a s e d  t h r e e - t o  s i x - w e e k  pos tweaning  gain ( P W G ) .  Each of the f i r s t  four  s e l e c t i o n  t r e a t m e n t s  had two r e p l i -  
ca t e  l i ne s  (i = 1, 2) s e l e c t e d  fo r  13 g e n e r a t i o n s  and the fifth t r e a t m e n t  had one l ine  s e l e c t e d  for  30 g e n e r a -  
t ions .  All  l i ne s  w e r e  d e r i v e d  f r o m  a r a n d o m b r e d  ICR albino populat ion which s e r v e d  as  a c o n t r o l .  Addi t ional  
t r a i t s  s tud ied  w e r e  t h r e e - w e e k  body weight  and ta i l  length ,  pos tweaning  gain in tai l  length ,  p e r c e n t  body c o m -  
pos i t ion  (ash ,  fat ,  m o i s t u r e  and p r o t e i n )  at s ix  weeks  of age ,  and t h r e e - t o  s i x - w e e k  feed consumpt ion  (CONS) 
and e f f i c i ency  ( E F F  = P W G / C O N S ) .  E f f i c i enc y  of body cons t i tuen t  gains  (ash ,  fat ,  p ro t e in  and c a l o r i c  va lue )  
w e r e  d e t e r m i n e d  by dividing each  cons t i tuen t  by CONS. Re l a t i ve  to s e l e c t i o n  t r e a t m e n t s ,  r e p l i c a t e  v a r i a t i o n  
in the a r r a y  of  t r a i t s  was s m a l l  and was p r i m a r i l y  a t t r i bu t ab l e  to the e f f ec t s  of gene t i c  d r i f t ;  m o r e  f requen t  
s ign i f i can t  r e p l i c a t e  d i f f e r e n c e s  among t r a i t s  in W+T - w e r e  a s s o c i a t e d  with a r e p l i c a t e  d i f f e r e n c e  in c u m u -  
l a t i ve  s e l e c t i o n  d i f f e r e n t i a l s .  Se lec t ion  for  d i f fe ren t  c r i t e r i a  involv ing  WT6 and TL6 did not change the a l l o -  
m e t r i c  r e l a t i o n s h i p  be tween  tai l  length and body weight  in the t h r e e - t o  s i x - w e e k  age i n t e r v a l .  The s ign i f i can t  
d i v e r g e n c e  be tween  W+T ~ and W~ + and be tween  W+T" and W-T + was as expec ted  for  WT6 and TL6. S igni f -  
icant  a s y m m e t r y  of s e l e c t i o n  r e s p o n s e  be tween  W+T - and W-T + for  WT6 and TL6 was a t t r ibu ted  to m a t e r n a l  
e f f e c t s .  In a g r e e m e n t  with t heo ry ,  an tagon i s t i c  index s e l e c t i o n  g e n e r a l l y  y ie lded  s m a l l e r  gene t ic  r e s p o n s e s  
than s ing le  t r a i t  s e l e c t i o n .  P o s i t i v e  c o r r e l a t e d  r e s p o n s e s  in CONS and E F F  w e r e  found fo r  M16 and W+T ~  
Signi f icant  c o r r e l a t e d  changes  in CONS (pos i t i ve  in W~ + and nega t ive  in W-T +) w e r e  not a c c o m p a n i e d  by a 
s ign i f i can t  change  in E F F .  In c o n t r a s t ,  W+T - e v in c e d  an i n c r e a s e d  E F F  and no change in CONS. P e r c e n t  fat 
i n c r e a s e d  s ign i f i can t ly  in W+T ~ and M16. F o r  W+T~ W+T - and M16, an i n c r e a s e d  e n e r g e t i c ,  fat and ash  e f -  
f i c i ency  was o b s e r v e d ,  w h e r e a s  M16 exh ib i ted  a pos i t i ve  i n c r e m e n t  in p ro t e in  e f f i c i ency  as  we l l .  Among s e -  
l ec t ion  t r e a t m e n t  m e a n s ,  t h e r e  w e r e  high pos i t i ve  c o r r e l a t i o n s  be tween WT6 and fat weight ,  p ro t e in  weight ,  
p e r c e n t  fat ,  CONS and E F F  and a high nega t ive  c o r r e l a t i o n  be tween  WT6 and p e r c e n t  p r o t e i n .  

In t roduc t ion  

Se l ec t i on  for  a quan t i t a t ive  c h a r a c t e r  such as body 

weight  is  known to r e s u l t  in c o r r e l a t e d  r e s p o n s e s  

in a v a r i e t y  of  growth  r e l a t e d  t r a i t s .  N e v e r t h e l e s s ,  

t h e r e  r e m a i n s  a pauci ty  of  i n f o r m a t i o n  on r e p l i c a t e  

v a r i a b i l i t y  in c o r r e l a t e d  s e l e c t i o n  r e s p o n s e s  and a l -  

mos t  no data  on c o r r e l a t e d  r e s p o n s e s  in l i nes  s e -  

l e c t e d  fo r  an index involv ing  body weight  and o the r  

m e a s u r e s  of  g rowth .  The o b j e c t i v e s  of the p r e s e n t  

pape r  w e r e  to e x p l o r e  the c o r r e l a t e d  r e s p o n s e s  in 

body c o m p o s i t i o n  and e n e r g e t i c  e f f i c i ency  and to 

eva lua te  the r e p l i c a t e  v a r i a b i l i t y  in l i ne s  of m i c e  

which had been  s e l e c t e d  fo r  s i x - w e e k  body weight ,  

s i x - w e e k  tai l  length  o r  an t agon i s t i c  indexes  i n v o lv -  

P a p e r  No.4916 of the Jou rna l  S e r i e s  of  the Nor th  
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ing body weight  and ta i l  length .  Ruthledge,  E i s e n  and 

Legates  (1974) have  p r e v i o u s l y  r e p o r t e d  c o r r e l a t e d  

r e s p o n s e s  and r e p l i c a t e  v a r i a b i l i t y  in these  l ines  for  

s e v e r a l  m o rp h o lo g i c a l  t r a i t s .  

Materials and Methods 

Correlated responses were analyzed for five selec- 
tion treatments. The first four treatments, each re- 
plicated twice, constituted a selection experiment 
designed to find the realized genetic correlation be- 
tween six-week body weight and six-week tail length 
(Rutledge, Eisen and Legates 1973). The lines were 
selected in the following eay: W+T ~ , increased six- 
week body weight ; W~ +, increased six-week tail 
length; W+T~, increased six-week body weight and 
decreased six-week tail length; and W-T + , decreased 
six-week body weight and increased six-week tail 
length, where i = 1, 2 identifies replicate lines for 
a particular selection treatment. When describing 
the average effect of a selection treatment, the sub- 
script will be omitted. Individual selection was prac- 
ticed in each replicate line through generation nine. 
Ten males, representing at least eight full-sib fami- 
lies, and 20 females were selected and mated ran- 
domly in a hierarchical arrangement of one male with 
two females. From generations 10 to 13, within full- 
sib family selection was adopted to reduce the rate of 
inbreeding; 12 single-pair matings per replicate were 
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T a b l e  1. To ta l  n u m b e r  of  l i t t e r s  a n d  m a l e s  a n d  f e -  
m a l e s  s a m p l e d  in  e a c h  l i n e  

Line Litters Males Females Total 

+ 0 W T 1 10 20 17 37 

+ 0 
W T 2 9 19 19 38 

W0T 1 10 19 19 38 

W0T 2 9 19 17 36 

W+T1 9 19 19 38 

W+T2 10 18 18 36 

W-T 1 13 22 23 45 

W-T  2 13 25 26 51 

M16 10 20 19 39 

ICR C o n t r o l  10 19 19 38 

To ta l  178 200 196 396 

T a b l e  2.  S u m m a r y  of  t h e  t r a i t s  a n d  t h e i r  c o d e s  

T r a i t  C o d e  

Three-week weight (g) WT3 
Six-week weight (g) WT6 
Postweaning gain in body weight 
(three to six weeks) (g) PWG 
Three-week tail length (cm) TL3 
Six-Week tail length (cm) TL6 
Postweaning gain in tail length PWT 
(three to six weeks) (cm) 
Feed consumption (g) CONS 
Efficiency = PWG/CONS (7~) EFF 
Percent ash 7~ ASH 
Percent fat 7~ FAT 
Percent moisture 7~ MOIST 
Percent protein 70 PROT 
Percent ash (fat-free) 7~A-FF 
Percent protein (fat-free) g P-FF 
Ash efficiency (g) A-EFF 
F at efficiency ( 70 ) F -E F F 
Protein efficiency (~) P-EFF 
Energetic efficiency (~) E-EFF 

m a d e  in  t h e s e  g e n e r a t i o n s .  The  f i f t h  s e l e c t i o n  t r e a t -  
m e n t  i n v o l v e d  a l i n e  ( M 1 6 )  s e l e c t e d  w i t h i n  f u l l - s i b  
f a m i l i e s  f o r  30 g e n e r a t i o n s  f o r  p o s t w e a n i n g  w e i g h t  
g a i n  f r o m  t h r e e  to s i x  w e e k s  of  a g e  ( H a n r a h a n ,  E l -  
s e n  a n d  L e g a t e s  1973 ; E i s e n  1 9 7 5 ) .  Al l  of  t h e  a b o v e  
l i n e s  o r i g i n a t e d  f r o m  t he  I C R a l b i n o  r a n d o m b r e d  
p o p u l a t i o n  ( E i s e n  a n d  H a n r a h a n  1 9 7 4 ) ,  w h i c h  w a s  
u s e d  a s  a c o n t r o l  in  t h e  p r e s e n t  e x p e r i m e n t .  

M i c e  w e r e  s a m p l e d  c o n t e m p o r a n e o u s l y  f r o m  
e a c h  of  two a d j a c e n t  g e n e r a t i o n s  in  e a c h  l i n e .  G e n -  
e r a t i o n s  12 a n d  13 w e r e  u s e d  f o r  t h e  W+T~,  W~ +, 
W+T~ a n d  W ' T  + l i n e s  a n d  g e n e r a t i o n s  29 a n d  30 
f o r  M 1 6 .  F r o m  e a c h  l i n e ,  f i v e  to  e i g h t  p a r e n t a l  
p a i r s  w e r e  r a n d o m l y  c h o s e n  in  e a c h  g e n e r a t i o n  to 
p r o d u c e  s e c o n d  l i t t e r  p r o g e n y ,  f r o m  w h i c h  two m i c e  
of  e a c h  s e x  w e r e  r a n d o m l y  s a m p l e d .  The  g e n e r a t i o n  
e f f e c t  wi l l  h e n c e f o r t h  b e  d e s i g n a t e d  a s  a n  e x p e r i m e n t  
e f f e c t .  The  a l l o t m e n t  of  m i c e  s h o w n  in  T a b l e  1 i n d i -  
c a t e s  t h a t  17 to 26 i n d i v i d u a l s  p e r  l i n e - s e x  s u b -  
g r o u p  w e r e  a n a l y z e d ,  g i v i n g  a t o t a l  of  396 m i c e .  

The  m a n a g e m e n t  a n d  d a t a  c o l l e c t i o n  p r o c e d u r e s  
w e r e  i d e n t i c a l  f o r  a l l  l i n e s  o v e r  b o t h  e x p e r i m e n t s .  
A d e t a i l e d  d e s c r i p t i o n  of  e n v i r o n m e n t a l  c o n t r o l  of  
l a b o r a t o r y  c o n d i t i o n s  a n d  h u s b a n d r y  p r o c e d u r e s  h a s  
b e e n  g i v e n  by  R u t l e d g e  e t  a l .  ( 1 9 7 3 ) .  D a m s  w e r e  
c h e c k e d  f o r  l i t t e r s  d a i l y  a t  4 : 3 0  p . m .  D a m s  a n d  
t h e i r  l i t t e r s  r e c e i v e d  P u r i n a  M o u s e  C h o w  ad  l ib i twn.  
W i t h i n  o n e  d a y  a f t e r  b i r t h ,  l i t t e r s  w e r e  s t a n d a r d i z e d  
to  f o u r  r a n d o m l y  c h o s e n  m i c e  of  e a c h  s e x .  At 12 
d a y s  of  a g e ,  m i c e  w e r e  i n d i v i d u a l l y  t o w - c l i p p e d  f o r  
i d e n t i f i c a t i o n .  L i t t e r s  w e r e  w e a n e d  a t  t h r e e  w e e k s  of  
a g e  a n d  t h e  r a n d o m l y  s a m p l e d  m i c e  w e r e  p l a c e d  in  
i n d i v i d u a l  c a g e s .  

D a t a  c o l l e c t i o n  o n  l i v e  m i c e  c o m m e n c e d  a t  t h r e e  
w e e k s  of  a g e  a n d  c o n t i n u e d  e v e r y  t h r e e  d a y s  t h e r e -  
a f t e r  u n t i l  s i x  w e e k s  o f  a g e .  The  t r a i t s  m e a s u r e d  in  
t h i s  i n t e r v a l  w e r e  b o d y  w e i g h t  a n d  f e e d  c o n s u m p t i o n  
to  t h e  n e a r e s t  0 . 1  g a n d  t a i l  l e n g t h  to  t h e  n e a r e s t  
0 . 1  c m .  T h e s e  m i c e  w e r e  f ed  P u r i n a  L ab  C h o w  ad  
l ib iVurnj  w i t h  a g r o s s  e n e r g y  of  4 . 0 6 k c a l / g  a s  d e -  
t e r m i n e d  by  d i r e c t  b o m b  c a l o r i m e t r y .  Al l  m i c e  w e r e  
k i l l e d  a t  s i x  w e e k s  of  a g e  to e s t i m a t e  b o d y  c o m p o s i -  
t i o n .  The  g a s t r o - i n t e s t i n a l  t r a c t  w a s  e x c i s e d ,  f l u s h e d  

a n d  d a m p  d r i e d .  E m p t y  body  w e i g h t  w a s  d e f i n e d  a s  
w e i g h t  of  t h e  b o d y  p l u s  t h e  e m p t y  t r a c t .  The  m i c e  
w e r e  f r o z e n  a t  - 1 8 ~  u n t i l  u s e d  f o r  a n a l y s i s .  W h o l e  
body  c o m p o s i t i o n  of  m o i s t u r e ,  f a t ,  a s h  a n d  p r o t e i n  
w a s  d e t e r m i n e d  a s  in  E i s e n  a n d  L e a t h e r w o o d  ( 1 9 7 6 ) .  

The  t r a i t s  a n a l y z e d  in  t h e  p r e s e n t  s t u d y  a r e  l i s t e d  
in  T a b l e  2.  P e r c e n t  b o d y  c o m p o s i t i o n  w a s  c a l c u l a t e d  
by  d i v i d i n g  c o n s t i t u e n t  w e i g h t  by  e m p t y  b o d y  w e i g h t .  
Ash  a n d  p r o t e i n  w e r e  a l s o  o b t a i n e d  a s  a p e r c e n t  of  
f a t - f r e e  w e i g h t .  The  e f f i c i e n c i e s  f o r  t h e  b o d y  c o m p o -  
n e n t s  d u r i n g  t h e  t e s t  p e r i o d  ( t h r e e  to s i x  w e e k s  of  
a g e )  w e r e  e s t i m a t e d  in  e x p e r i m e n t  2 o n l y .  A m a l e  
a n d  f e m a l e  w e r e  r a n d o m l y  s a m p l e d  f r o m  e a c h  l i t t e r  
of  e x p e r i m e n t  2 to  b e  k i l l e d  a t  w e a n i n g .  T h r e e - w e e k  
o l d  m i c e  w e r e  p o o l e d  i n to  l i n e - s e x  s u b g r o u p s  a n d  
b o d y  c o m p o s i t i o n  a n a l y s e s  w e r e  p e r f o r m e d  o n  e a c h  
s u b g r o u p .  P o s t w e a n i n g  g a i n  of  a c o n s t i t u e n t  w a s  e s -  
t i m a t e d  by  s u b t r a c t i n g  t h e  a p p r o p r i a t e  s u b g r o u p  
m e a n  t h r e e - w e e k  c o n s t i t u e n t  w e i g h t  f r o m  t h e  i n d i v i d -  
u a l ' s  s i x - w e e k  c o n s t i t u e n t  w e i g h t .  T h e s e  c o n s t i t u e n t  
g a i n s  w e r e  no t  t a b u l a t e d ,  bu t  w e r e  u s e d  to c a l c u l a t e  
t h e  e f f i c i e n c y  o f  g a i n  in  e a c h  c o m p o n e n t .  E f f i c i e n c y  
of  a s h ,  f a t  a n d  p r o t e i n  g a i n  w e r e  c o m p u t e d  by  d i v i d -  
i ng  t h e  p o s t w e a n i n g  g a i n  in  e a c h  c o n s t i t u e n t  d u r i n g  
t h e  t h r e e - w e e k  t e s t  p e r i o d  by  f e e d  c o n s u m p t i o n .  E n -  
e r g e t i c  e f f i c i e n c y  w a s  e s t i m a t e d  a s  

( p r o t e i n  g a i n  x 5 . 6 5 k c a l / g )  + ( f a t  g a i n  X 9 . 4 5 k c a l / g ) .  
f e e d  c o n s u m p t i o n  • 4 . 0 6  k c a l / g  

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

Y i jk lm = ~ + E i  + P j  + Sk + L l ( i j )  + ( E P ) i j  + ( E D ) i k  

+ ( P S ) j k  + ( E P S ) i j  k + e i j k l  m ,  

w h e r e  Y i j k l m  = a n  o b s e r v a t i o n  o n  t h e  m t~ m o u s e  of t h e  
(i ~th -jk~J s u b g r o u p ,  p = g e n e r a l  m e a n ,  El = f i x e d  e f f e c t  of  

t h e  i th e x p e r i m e n t ,  Pj = f i x e d  e f f e c t  o f  t h e  j t a  l i n e ,  Sk = 
f i x e d  e f f e c t  of  t h e  k ta s e x ,  L ~(l j) = r a n d o m  e f f e c t  of  t h e  
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1 t~ l i t t e r  ne s t ed  within the i t~ e x p e r i m e n t  and jt~ 
line, (EP)I~, (ES)ik, (PS)~ and (EPS)u~ were re- 
spective interactions and elJkl= = random error ef- 
fect. Experiment, line and experiment by line mean 
squares were tested by the litter mean square, 
whereas all other sources of variation were tested 
by the error mean square. The model was fitted by 
the method of least squares for unequal subclass num- 
bers. In addition to conducting a number of mutually 
orthogonal contrasts involving lines, several non- 
orthogonal linear contrasts were made. These in- 
cluded comparisons of all lines with the ICR con- 
trol, using Dunnett's multiple comparison procedure, 
and Dunn's procedure for specific non-orthogonal con- 
trasts (Kirk 1968). 

Resu l t s  

Age t r e n d s  

In g e n e r a l ,  r e p l i c a t e s  were  v e r y  s i m i l a r  in the i r  pa t -  

t e r n  of growth in body weight and in tail  length  ( F i g s .  

1 and 2, r e s p e c t i v e l y ) .  While sex d i f fe rences  in e l e -  

vat ion of the c u r v e s  a re  appa ren t ,  the l ine  d i f f e rences  

in  growth were  s i m i l a r  for  ma les  and f e m a l e s .  The 

M16 l ine  exceeded all  o the r s  in body weight f rom 

th ree  to s ix  weeks,  and this  d i f fe rence  i n c r e a s e d  with 

age.  The growth ra te  of W-T + was the lowest  of the 

s ix se l ec t ion  t r e a t m e n t s .  Two d i s t inc t  t r e n d s  a r e  ap-  

pa ren t  in the growth c u r v e s .  Around 33 days of age,  

the s lopes  of the ICR Cont ro l ,  wOT +, and W-T + de-  

c r e a s e d ,  whereas  the s lopes  of the cu rves  of M16, 

W+T 0, and W+T - cont inued unaba ted .  Unlike body 

weight,  d i s t inc t  l ine  d i f fe rences  in tai l  length  ap-  

pea red  to have been e s t ab l i shed  by weaning,  which 

did not i n c r e a s e  subs t an t i a l l y  by six weeks of age.  

As might be expected,  the WeT + t r e a t m e n t  had the 

longest  t a i l s  while W+T - had the s h o r t e s t .  
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Table 3. R e g r e s s i o n  coe f f i c i en t s  of In ta i l  length  on Zn body weight ,  ad jus ted  
fo r  e x p e r i m e n t  and s e x  e f f ec t s ,  and l ine  d i f f e r e n c e s  in the a l l o m e t r i c  r e g r e s -  
s ion  coe f f i c i en t s  

Regression Comparison 

Line b • S.E. a Contrast Difference • S.E. b 

W+T? .291 i .013 W+T ~ - C -.009 • .051 

W+T~ .369 i .008 W~ + - C .023 i .050 

W~ .350 • .012 W+T - - C -.016 • .051 

W~ .374 • .011 W-T + - C .016 • .048 

W+T~ .337 • .009 M16 - C .029 • .053 

W+T~ .309 • .012 W+T ~ - W~ + -.032 • .051 

W-T~ .355 • .010 W+T - - W-T + -.032 i .049 

W-T~ .354 • .007 W+T ~ - W§ - .007 • .053 

MI6 .368 i .010 W~ + - W-T + .008 i .046 

ICR Control .339 • .012 W~ + - W+T - .039 • .052 

W~ + - M16 -.045 i .054 

aAll regression coefficients (b) are significant at P < .01 

bNone of the differences are significant 

Since  d i f fe ren t  s e l e c t i o n  c r i t e r i a  involv ing  growth  

in ta i l  length  and body weight  w e r e  emp loyed  in each  

s e l e c t i o n  t r e a t m e n t ,  it was of i n t e r e s t  to d e t e r m i n e  

if  the a l l o m e t r i c  r e l a t i onsh ip  be tween  the two c h a r a c -  

t e r s  within a s e l e c t i o n  t r e a t m e n t  might  have changed  

dur ing  the c o u r s e  of s e l e c t i o n .  C o n c u r r e n t  m e a s u r e -  

ments  of ta i l  length and body weight taken e v e r y  t h r e e  

days f r o m  t h r e e  to s ix  weeks  of  age w e r e  used  to c a l -  

cu la te  the r e g r e s s i o n  of  In ta i l  length  on In body 

weight within each  l ine ,  ad jus ted  fo r  e x p e r i m e n t  and 

s e x  e f f ec t s  (Table 3) .  No s ign i f ican t  d i f f e r e n c e s  

among  r e g r e s s i o n  coe f f i c i en t s  w e r e  evident  for  e i t h e r  

r e p l i c a t e s  o r  s e l e c t i o n  t r e a t m e n t s .  

Linear contrasts among line means 

Least squares means for each line, averaged over 

sexes and experiments, are given in Table 4 for live 

traits and Table 5 for body composition traits. The 

analyses of variance revealed that line effects were 

significant (P < .Oi) for all traits investigated ex- 

cept NP-FF. Experiment and sex effects were sig- 

nificant for most traits. Experiment by line interac- 

t ions  w e r e  not i m p o r t a n t .  S igni f icant  sex  by l ine  i n -  

t e r a c t i o n s ,  whe re  they o c c u r r e d ,  a p p e a r e d  to be the 

r e s u l t  of l a r g e r  l ine  d i f f e r e n c e s  in m a l e s  than in f e -  

m a l e s .  

Tables  6 and 7 l i s t  the o r thogona l  c o n t r a s t s  fo r  

l i ve  and body c o m p o s i t i o n  m e a s u r e m e n t s ,  r e s p e c t i v e -  

ly .  Ma le s  s ign i f i can t ly  e x c e e d e d  f e m a l e s  fo r  most  

t r a i t s .  C o n t r a s t s  3 to 6 t e s t e d  r e p l i c a t e  d i f f e r e n c e s .  

No s ign i f i can t  r e p l i c a t e  e f f ec t s  w e r e  o b s e r v e d  for  s i x -  

week body weight  and s i x - w e e k  tai l  length ,  the p r i m a -  

ry  t r a i t s  i nvo lved  in s e l e c t i o n .  Signif icant  r e p l i c a t e  

d i f f e r e n c e s  w e r e  found in W0T + and W+T - for  PWG 

and PWT. The W+T - t r e a t m e n t  a lso  had r e p l i c a t e  d i f -  

f e r e n c e s  in s e v e n  t r a i t s  a s s o c i a t e d  with body c o m p o -  

s i t ion  o r  e f f i c i e n c y .  The r e m a i n i n g  s e l e c t i o n  t r e a t -  

men t s  did not d e m o n s t r a t e  s ign i f i can t  r e p l i c a t e  e f f ec t s  

fo r  body c o m p o s i t i o n  o r  e f f i c i e n c y - r e l a t e d  t r a i t s  ; no t -  

ably ,  r e p l i c a t e  d i f f e r e n c e s  in 7~FAT w e r e  absent  fo r  

a l l  four  s e l e c t i o n  t r e a t m e n t s .  Of the 72 r e p l i c a t e  

c o m p a r i s o n s ,  13 w e r e  s ign i f i can t ,  but nine of these  

w e r e  a s s o c i a t e d  with W+T - .  

F o r  a l l  l i ve  t r a i t s  m e a s u r e d ,  the two an tagon i s t i c  

index t r e a t m e n t s  d i v e r g e d  ( c o n t r a s t  7) ,  and usua l ly  
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Table  4. L e a s t - s q u a r e s  m e a n s  for  l i n e s :  l i ve  t r a i t s  
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Trait 

Line WT3 WT6 PWG TL3 TL6 PWT CONS EFF 

W+T? 

W+T~ 

W~ + 

W~ + 

W+T  
W+T  
W-T + 

W-T + 

MI6 

ICR Control 

Range of 
S.E.M. a 

16.08 

15.63 

16.13 

15.38 

13 74 

14 79 

ii 74 

ii 31 

17 15 

15.22 

34.14 18.06 6.08 7.80 1.72 136.67 13.26 

33.10 17.48 6.00 8.02 2.03 135.90 12.87 

29.96 13.88 7.61 9.54 1.93 127.47 10.90 

31.28 15.90 7.11 9.45 2.34 133.31 11.86 

30.41 16.67 5.39 7.11 1.72 123.34 13.55 

29.45 14.65 5.70 7.13 1.44 122.21 12.16 

22.54 10.79 6.72 8.53 1.81 108.19 9.96 

22.81 11.50 6.47 8.39 1.92 111.62 10.33 

38.99 21.84 6.32 8.42 2.10 145.71 15.06 

28.47 13.25 6.40 8.08 1.68 122.71 10.80 

.35-.42 .43-.51 .38-.46 .10-.12 .10-.12 .07-.08 2.04-2.43 .30-.40 

astandard error of mean 

Table 5. L e a s t - s q u a r e s  means  for  l i n e s :  body c o m p o s i t i o n  and cons t i tuen t  e f f i e i e n c i e s  

Trait 

Line 7~SH %FAT %MOIST %PROT 7~A-FF %P-FF A-EFF F-EFF P-EFF E-EFF 

W+T? 2.68 

W+T~ 2.94 

W~ 3.11 

W~ 2.96 

W+T~ 2.31 

W+T~ 2.76 

W-T~ 2.86 

W-T~ 2.83 

MI6 2.32 

ICR Control 2.86 

Range of 
S.E.M. a .10-.12 

7.48 

7.10 

6.97 

6 38 

6 36 

6 87 

4 61 

4 82 

i0 64 

5 76 

.46-.55 

68.57 17.74 3.01 19.94 0.39 0.72 2.41 5.02 

68.95 18.02 3.27 20.04 0.41 0.41 2.37 4.24 

68.91 18.40 3.44 20.34 0.38 0.13 2.23 3.39 

69.42 18.20 3.27 20.10 0.41 0.38 2.43 4.27 

68.21 18.25 2.60 20.56 0.39 0.87 2.51 5.51 

69.38 17.72 3.06 19.73 0.40 0.57 2.20 4.39 

71.11 18.57 3.09 20.06 0.34 0.28 2.00 3.43 

70.66 18.75 3.07 20.34 0.32 0.24 2.03 3.39 

65.47 17.17 2.74 20.22 0.39 1.76 2.58 7.69 

69.77 18.39 3.14 20.21 0.32 0.16 2.15 3.37 

.38-.46 .14-.17 .11-.13 .18-.21 0.01 .08-.10 .05-.06 .23-.27 

astandard error of mean 
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Table 6. Or thogonal  c o n t r a s t s :  l ive  t r a i t s  

Trait 

Comparison WT3 WT6 PWG TL3 TL6 PWT CONS EFF 

i. Expl - Exp2 -.43 -1.65"* -1.23"* -.i0 -.14 -.04** -19.38"* 0.85** 

2. Males - Females -.42** 3.86** 3.45** -.01 0.18"* 0.18"* 9.09** 1.91"* 

3. W+T? - W+T~ 0.45 1.04 0.59 0.08 -.22 -.31" 0.76 0.39 

4. W~ - W~ 0.75 -1.32 -2.02** 0.50** 0.09 -.41"* -5.83 -.96 

5. W+T~ - W+T2 -i.05 0.96 2.02** -.31 -.02 0.28* 1.13 1.39"* 

6. W-T~ - W-T~ 0.43 -.27 -.70 0.25 0.14 -.Ii -3.43 -.37 

7. W+T - - W-T + 2.74** 7.26** 4.52** -1.05"* -1.34"* -.28** 12.87"* 2.71"* 

8. �89 + + W+T -) - ICR -2.32** -2.14"* 0.16 -.33* -.29* 0.04 -6.37* 0.70 

9. W+T ~ - W~ + 0.i0 3.00** 2.88** -1.32"* -1.58"* -.26** 5.90* 1.68"* 

P < .05 P < .01 

Table 7. Or thogonal  c o n t r a s t s :  body compos i t i on  t r a i t s  

Trait 

Comparison %ASH %FAT %MOIST %PROT %A-FF %P-FF A-EFF F-EFF P-EFF E-EFF 

i. Expl - Exp2 -.50** -1.85"* 0.66* -.14 -.56** -.16 . . . .  

2. Males - Females -.17"* -.78** 0.37* 0.68** -.22** 0.56** 0.01 -.21"* 0.48** 0.18 

3. W+T~ - W+T~ -.26 0.37 -.38 -.28 -.26 -.i0 -.02 0.31 0.04 0.78 

4. W~ - W~ 0.14 0.59 -.51 0.19 0.17 0.24 -.03 -.25 -.20 -.88 

5. W+T~ - W+T2 -.44* -.51 -1.17 0.53* -.46* 0.83** -.01 0.30 0.31" i.ii* 

6. W-T~ - W-T~ 0.03 -.21 0.45 -.18 0.02 -.28 0.02 0.04 -.03 0.04 

7. W+T - - W-T + -.31" 1.90"* -2.09** -.68** -.25 -.05 0.06** 0.46** 0.34** 1.54"* 

8. �89 + + W+T) - ICR -.17 -.i0 0.06 -.07 -.18 -.04 0.04* 0.33* 0.04 0.81 

9. W+T ~ - W~ + -.22 0.62 -.41 -.42* -.22 -.23 0.01 0.31" 0.06 0.80 

P < .05 P < .01 

the d i v e r g e n c e  was a s y m m e t r i c  about the con t ro l  

( c o n t r a s t  8 ) .  The W+T - t r e a t m e n t  was g r e a t e r  

(P < .01)  than W-T + for  ZFAT, A - E F F ,  F - E F F ,  

P - E F F  and E - E F F ,  but l e s s  fo r  ~ASH, 7, MOIST 

and 7~PROT. On a f a t - f r e e  p e r c e n t a g e  bas i s ,  the 

W+T - and W-T + l i ne s  did not d i f fe r  a p p r e c i a b l y .  

C o m p a r i s o n s  of the s i n g l e - t r a i t  s e l e c t e d  l ines  ( con-  

t r a s t  9 ) i n d i c a t e d  that W+T 0 was s ign i f i can t ly  g r e a t -  

e r  than W0T + fo r  WT6, PWG, CONS, E F F ,  A - E F F  

and F - E F F  but was l e s s  fo r  TL3, TL6, PWT and 

7~PROT. S e v e r a l  sex  by l ine  i n t e r a c t i o n  c o n t r a s t s  

r e a c h e d  s t a t i s t i c a l  s i gn i f i cance ,  but t he se  w e r e  due 

p r i m a r i l y  to l a r g e r  m a l e  than f e m a l e  d i f f e r e n c e s .  

The f ive l i n e a r  c o n t r a s t s  of each  s e l e c t i o n  t r e a t -  

ment  with the ICR con t ro l  a r e  l i s t e d  in Table 8. The 

W+T 0 l ines ,  s e l e c t e d  fo r  i n c r e a s e d  WT6, showed 
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Table 8. C o m p a r i s o n s  with ICR Cont ro l  

a 
Comparison 

Trait W+T ~ W~ + W+T - W-T + MI6 

WT3 0.64 0.54 -.96 -3.69** 1.93"* 

WT6 5.15"* 2.15"* 1.18 b -5.80** 10.52"* 

PWG 4.52** 1.64" 2.41"* -2.10"* 8.60** 

TL3 -.36 0.96** -.86** 0.20 -.08 

TL6 -.17 1.42"* -.96** 0.38 b 0.34 

PWT 0.20 0.46** -.i0 0.20 0.42** 

CONS 13.58"* 7.68* 0.06 -12.80"* 23.00** 

EFF 2.27** 0.58 2.06** -.66 4.26** 

%ASH -.05 0.18 -.32 -.02 -.53** 

%FAT 1.54 b 0.92 0.86 -1.04 4.88** 

%MOIST -i.01 -.60 -.98 1.12 -4.30** 

%PROT -.51 -.09 -.40 0.27 -1.22"* 

%A-FF 0.01 0.22 -.30 -.05 -.40 

%P-FF -.22 0.01 -.06 -.01 0.01 

A-EFF 0.08** 0.08** 0.08** 0.01 0.07** 

F-EFF 0.40 0.i0 0.56** 0.I0 1.60"* 

P-EFF 0.24 0.18 0.20 -.14 0.43** 

E-EFF 1.26" 0.46 1.54"* 0.04 4.32** 
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acontrasted with ICR Control in each case 

bThese traits were significant at P < .05 by the t-test 

P < .05 P < .01 

s ign i f i can t  p o s i t i v e  c o r r e l a t e d  r e s p o n s e s  in PWG, 

E F F ,  CONS, A - E F F  and E - E F F .  None of the ta i l  

l ength  t r a i t s  exh ib i t ed  c o r r e l a t e d  r e s p o n s e s  in W+T 0. 

The f a i l u r e  of  the c o r r e l a t e d  r e s p o n s e  in gFAT 

(1 .54  ~) to r e a c h  s t a t i s t i c a l  s i gn i f i cance  was l ike ly  

a r e s u l t  of the c o n s e r v a t i v e  na tu re  of  the t e s t  of all  

l i ne s  r e l a t i v e  to the c o n t r o l .  A d i r e c t  t - t e s t  i nd i ca t -  

ed that W+T 0 showed a p o s i t i v e  (P < .05)  c o r r e l a t e d  

r e s p o n s e  in 7~ FAT.  

P o s i t i v e  c o r r e l a t e d  r e s p o n s e s  to s e l e c t i o n  fo r  i n -  

c r e a s e d  TL6 in W0T + w e r e  ev ident  fo r  WT6, PWG, 

TL3, PWT and CONS, but not for  E F F .  P a r t i t i o n i n g  

of EFF into several components revealed that  wOT + 

was greater than the ICR control for A-EFF only. 

Correlated responses in body composition were not 

detected in W0T +. 

The absolute value of the differences in correlated 

responses between W+T - and W-T + are a reflection, 

in part, of the asymmetry noted previously. The ab- 

sence of a significant increase for NT6 in N+T - and 

for TL6 in W-T + was probably due to the conserva- 

tive t e s t  p r o c e d u r e .  D i r e c t  t - t e s t s ,  ignor ing  the o the r  

c o n t r a s t s ,  ind ica ted  s ign i f ican t  (P < .05)  changes  in 

the expec t ed  d i r e c t i o n ,  based  on the in tended s e l e c -  
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Table 9. Non-orthogonal comparisons 

Comparison 

Trait MI6 - W+T ~ MI6 - W+T - W+T ~ - W+T - W~ + - W-T + 

WT3 1.30" 2.88** 1.59"* 4.22** 

WT6 5.37** 9.06** 3.69** 7.69** 

PWG 4.07** 6.18"* 2.11"* 3.74** 

TL3 0.28 0.78** 0.50** 0.76** 

TL6 0.51"* 1.30"* 0.79** 1.04"* 

PWT 0.22 0.52** 0.30** 0.27** 

CONS 9.42** 22.94** 13.51"* 20.49** 

EFF 2.00** 2.20** 0.21 1.24"* 

%ASH -.49** -.22 0.28 0.19 

%FAT 3.35** 4.02** 0.68 1.96"* 

%MOIST -3.28** -3.32** -.04 -1.72"* 

%PROT -.71"* -.82** -.i0 -.36 

7~A-FF -.40 -.09 0.31 0.28 

%P-FF 0.23 0.08 -.16 0.02 

A-EFF -.01 -.01 0.01 0.06** 

F-EFF 1.20"* 1.04"* -.16 -.01 

P-EFF 0.19" 0.22* 0.04 0.32** 

E-EFF 3.06** 2.74** -.32 0.42 

P < .05 P < .01 

t i o n  c r i t e r i a .  W-T + d e c l i n e d  ( P  < . 0 1 )  in  WT3, WT6, 

PWG a n d  CONS,  w h e r e a s  E F F  a n d  a l l  of  i t s  c o m p o -  

n e n t s  r e m a i n e d  u n c h a n g e d .  As e x p e c t e d ,  TL3 a n d  

TL6 d e c r e a s e d  ( P  < . 0 1 )  in  W+T - .  N o t e  t h a t  t h e r e  

w a s  a p o s i t i v e  ( P  < . 0 1 )  c o r r e l a t e d  r e s p o n s e  in  E F F  

of  W+T - w h e r e a s  CONS s h o w e d  no s i g n i f i c a n t  r e -  

s p o n s e .  The  i n c r e a s e d  t o t a l  e f f i c i e n c y  w a s  due  to 

A-EFF, F-EFF and E-EFF. Percentage body com- 

position remained unaltered in the index selected lines. 

The MI6 population had positive (P < .01) corre- 

lated responses in all live traits except TL3 and PWT. 

Regarding body composition, %FAT increased 

(P < .01)and NPROT, %MOIST and ~ASH decreased 

(P < .01), whereas the percentages of ash and pro- 

tein on a fat-free basis were not changed. The effi- 

ciency of all components and energetic efficiency 

were increased (P < .01) due to the long-term se- 

lection for postweaning gain in MI6. 

Some of the most meaningful non-orthogonal com- 

parisons are presented in Table 9. For all live traits, 

MI6 was greater than W+T 0 and W+T -. When each 

single-trait selection treatment, W+T 0 and W0T +, 

was compared with its antagonistic index counter- 

part, W+T - and W-T +, respectively, it was found 

that single-trait selection generally resulted in high- 

er means for the live traits. It was found that MI6 

exceeded W+T 0 and W+T - for ~FAT, F-EFF,P-EFF 

and A-EFF. Unlike the live measurements, body 

composition and constituent efficiency contrasts for 

W+T 0 and W+T - showed no significant differences. 
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R e l a t i v e  to W0T +, W-T + had l e s s  ~FAT and d e c r e a s e d  

A - E F F  and P - E F F .  

Among s e l e c t i o n  t r e a t m e n t  c o r r e l a t i o n s  

The e x i s t e n c e  of  d i s t inc t  l i n e s ,  each  s e l e c t e d  for  

s o m e  a spec t  of g rowth ,  a f fo rds  the oppor tuni ty  to 
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F i g .  3. Se l ec t ion  t r e a t m e n t  means  of fat weight  and 
p r o t e i n  weight  p lo t ted  aga ins t  s i x - w e e k  body weight ,  
a v e r a g e d  o v e r  r e p l i c a t e s ,  s e x e s  and e x p e r i m e n t s  

c o m p a r e  c o r r e l a t e d  s e l e c t i o n  r e s p o n s e s  for  two 

t r a i t s  s i m u l t a n e o u s l y  o v e r  the s e v e r a l  t r e a t m e n t s .  

The among s e l e c t i o n  t r e a t m e n t  c o r r e l a t i o n s  ( r ) ,  

ad jus ted  fo r  sex ,  r e p l i c a t e s  and e x p e r i m e n t s ,  w e r e  

ca l cu l a t ed  f r o m  an ana ly s i s  of  c o v a r i a n c e  which a l -  

so r e m o v e d  c o r r e l a t i o n s  among indiv iduals  within 

l i n e s .  S tandard  e r r o r s  of  these  among s e l e c t i o n  

t r e a t m e n t  c o r r e l a t i o n s  w e r e  ca l cu l a t ed  by the m e t h -  

od of  Ta l l i s  (1959) .  

Fa t  weight  and p ro t e in  weight means  w e r e  highly 

c o r r e l a t e d  ( r  = 0 .97  -+ . 03 ) ,  and both w e r e  pos i tve ly  

c o r r e l a t e d  with WT6 ( F i g .  3 ) .  F i g u r e  4 i l l u s t r a t e s  

the high pos i t i ve  r e l a t i onsh ip  be tween the s e l e c t i o n  

t r e a t m e n t  means  of WT6 and CONS, %FAT and E F F .  

Rep lac ing  WT6 with fat weight  o r  p ro te in  weight  e s -  

s e n t i a l l y  y ie lded  the s a m e  t r e n d s .  Fa t  pe r cen t  was 

p o s i t i v e l y  r e l a t e d  with E F F  and CONS ( F i g .  5) .  The 

r e a l t i o n s h i p  be tween  p ro t e in  p e r c e n t  and the v a r i a b l e s  

c o n s i d e r e d  a r e  a p p r o x i m a t e l y  the i n v e r s e  of those  in-  

vo lv ing  fat p e r c e n t ,  s ince  the c o r r e l a t i o n  be tween the 

p e r c e n t a g e s  of fat and p r o t e i n  w e r e  highly nega t ive  

( r  = - . 9 6  + .05 ) ,  as  expec t ed .  
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Discussion 

After analyzing replicate variation in W+T 0, W0T + 

W+T - and W-T + for body weight, tail length, femur 

weight and length, and caudal vertebrae number and 

length using a generalized distance analysis, Rutledge 

et al. (1974) concluded that there was relatively little 

variation between replicates compared to variation 

among lines having different selection criteria. Re- 

latively few of the replicate contrasts were significant 

for the traits analyzed in the present study, which sup- 

ports the findings of Rutledge et al. (1974). The large 

number of replicate differences in W+T - was probably 

due to the marked difference between replicates in 

their cumulative selection differentials (Rutledge 

et al. i973). Additional replicate differences that 

were found may be attributable, in part, to genetic 

drift or the interaction of drift with selection. Fal- 

coner (1973) also reported replicate variation among 

lines selected for body weight and indicated that iden- 

tical selection at the phenotypic level may not lead to 

fixation of the same alleles because of genetic drift. 

Selection for different criteria involving six-week 

body weight and six-week tail length has had remark- 

ably little influence on the increase in tail length per 

unit increase in body weight from three to six weeks 

of age within each line. However, examination of the 

growth curves for body weight and tail length sug- 

gests that a difference in tail growth relative to body 

weight may have already occurred by three weeks of 

age. Body weight differences among lines were rela- 

t i ve ly  s m a l l  at t h r e e  weeks  and i n c r e a s e d  m a r k e d l y  

f r o m  t h r e e  to s ix  weeks .  This is  a typica l  f inding fo r  

growth  c u r v e s  fol lowing s e l e c t i o n  for  body weight  

( F o w l e r  1958; Timon and E i s e n  1969).  Unlike body 

weight ,  the l ine  d i f f e r e n c e s  in tai l  length appea red  

to be e s t a b l i s h e d  by t h r e e  weeks and, for  the mos t  

pa r t ,  did not change app rec i ab ly  t h e r e a f t e r .  

O~ntrasts  7 through i6 (Table 6) were  a lso  made 

by Rut ledge  et a l .  (1974) fo r  WT6 and TL6 at g e n e r -  

at ion e igh t .  The c o n t r a s t s  in WT6 and TL6 be tween  

the s i n g l e - t r a i t  s e l e c t e d  l ines  w e r e  s i m i l a r  to those  

found in the e a r l i e r  s tudy.  Both a n a l y s e s  c o n f i r m  

that the antagonistic index lines also diverged with 

respect to WT6 and TL6. 

At generation 8, as in the present generation, 

TL6 had decreased more in W+T - than it had in- 

creased in W-T +. In addition, in the current gen- 

eration, antagonistic index selection was more suc- 

cessful in decreasing WT6 in W-T + than in increas- 

ing WT6 in W+T -. Developmentally, this asymmetry 

of response in both WT6 and TL6 occurred prior to 

weaning since the correlated responses in WT3 and 

TL3 were asymmetric, while responses in PWG and 

PWT were symmetric. This asymmetry may be due 

to maternal differences between W+T - and W-T* which 

have resulted from divergent selection for body weight 

in the index lines. White, Legates and Eisen (1968) 

showed that a line selected for high body weight was 

maternally superior to a line selectedfor small body 

weight. Rutledge, Robison, Eisen and Legates (i972) 

reported that tail length as well as body weight was 
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in f luenced  by m a t e r n a l  e f fec t s .  Another  pos s ib l e  r e a -  

son for  the a s y m m e t r i c a l  r e s p o n s e s  is  genet ic  dr i f t ,  

as  o b s e r v e d  by F a l c o n e r  (1973) in  r e p l i c a t e d  d i v e r -  

gent s e l ec t ion  for  body weight .  

The absence  of a c o r r e l a t e d  r e s p o n s e  in  TL6 in 

W+T 0 does not ag ree  with e a r l i e r  pos i t ive  f indings  

(Rut ledge et a l .  1973).  In a l ine  of mice  se l ec t ed  for 

s i x - w e e k  body weight,  F a l c o n e r  (1953) found that the 

c o r r e l a t e d  r e s p o n s e  in s ix -week  tail  length  ceased  to 

i n c r e a s e  a f t e r  five g e n e r a t i o n s  and subsequen t ly  b e -  

c a m e  e r r a t i c ,  and he sugges ted  that the pos i t ive  ge-  

ne t ic  c o r r e l a t i o n  be tween the two t r a i t s  was s t a r t i n g  

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

A c o m p a r i s o n  of M16 and W+T 0 is  of p a r t i c u l a r  

i n t e r e s t .  Having o r ig ina t ed  f rom the s a m e  base ,  they 

di f fer  p r i m a r i l y  in t he i r  cumula t ive  s e l ec t i on  d i f f e r -  

e n t i a l s .  M16 was s e l ec t ed  for  PWG for 17 m o r e  gen-  

e r a t i o n s  than W+T 0, which had been se l ec t ed  for  WT6; 

WT6 and PWG a re  gene t i ca l ly  highly c o r r e l a t e d  (Rut-  

ledge et a l .  1973).  The pos i t ive  c o r r e l a t e d  r e s p o n s e  

in %FAT (1.54%) for  W+T 0 is  r e m a r k a b l y  s i m i l a r  to 

the va lue  ( 1 .42 % ) ob ta ined  for  M 16 at g e n e r a t i o n  n ine  

of s e l ec t i on  (Timon,  E i s e n  and Leatherwood,  1970).  

Thus, the addi t ional  17 gene ra t i ons  of s e l ec t i on  for 

positive growth rate have likely led to the greater cor- 

related responses in MI6 than in W+T 0 for CONS, EFF, 

percent body composition and efficiency of constituent 

gains. 

Correlated responses in CONS and EFF are the 

general rule in populations selected for increased body 

weight or gain. Sutherland, Biondini and Ward (1974) 

stated that this resultant ability to consume more 

feed has led to automatic increases in efficiency since 

proportionately more of the consumed energy is avail- 

able, above maintenance, for growth. This phenome- 

non was observed in M16 and W+T 0 but W0T +, W+T - 

and W-T + did not exhibit simultaneous correlated re- 

sponses in CONS and EFF. In W0T + and W-T +, sig- 

nificant changes in CONS were not accompanied by 

noticeable correlated changes in EFF, whereas EFF 

increased and CONS did not change in W+T -. Thus, 

correlated changes in CONS were detected only in 

those lines whose peak gain in the postweaning growth 

period was altered (Mi6, W+T 0, W0T + and W-T+), 

and improved EFF resulted only in lines whole post- 

weaning growth gradient was extended (Mi6, W+T 0 

and W+T -) (Fig.l). The extended type of growth 

curves postulated might be expected in lines in which 

the proportion of gain due to one or more components 

changed significantly. Thus, the percentage of post- 

weaning gain due to fat gain was significantly (P < 

.01) increased in M16 (9.06Z~) and W+T - (3.92%) 

and approached significance in W+T 0 (2.67 7~). 

A-EFF, F-EFF, P-EFF and E-EFF are key 

components of EFF, so that changes in EFF are 

traceable to one or more of these components, Fow- 

ler's (1958) statement that energetic efficiency should 

reflect changes in gain due to fat deposition appears 

to be verified in the present study. For W+T 0 and 

W+T -, increased E-EFF, F-EFF and A-EFF were 

noted, although F-EFF was not statistically signifi- 

cant in W+T 0. MI6 displayed positive genetic changes 

in P-EFF as well as E-EFF, F-EFF and A-EFF. 

The improved P-EFF may be related to the findings 

by Martin (1974) that enzymes involved in deamina- 

tion and conversion of amino acids to glucose exhibited 

depressed activities. Based on standard biochemical 

pathways, the energy required to synthesize a gram 

of fat or protein is constant. Thus, any differences in 

efficiency of fat or protein deposition might be ex- 

plained largely by differences in turnover rates (Priest- 

ley and Robertson 1973). 

The contrasts between each single-trait selection 

treatment and the index treatment in which positive 

selection pressure was applied to the same trait il- 

lustrate the effects of index selection on reducing 

responses. Indeed, W+T 0 had a heavier mean WT6 

than W+T -, and W0T + had a longer mean TL6 than 

W-T +, as selection theory predicts. Prediction of 

correlated responses in other traits are, of course, 

less reliable. Antagonistic selection generally re- 

sulted in smaller correlated responses in live traits 

than did single-trait selection~ this, in itself, may 

not always be unfavorable. For example, the anta- 

gonistic index, W+T -, consumed less feed than W+T 0, 

but W+T 0 gained more weight. Nevertheless, the 

contrast with the ICR control indicated that W+T - 

realized a genetic improvement in PWG. The notable 

exception to the absence of differences in live trait 

means was EFF between W+T 0 and W+T -. Hence, a 

difference in final weight did not lead to a difference 

in EFF. In contrast to the live trait measurements, 

antagonistic selection and single-trait selection re- 

sulted in similar body composition characteristics. 
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This r e s u l t  ind ica tes  that at a l ighter  weight,  W+T - 

ach ieved  a %FAT equal  to that of W+T 0.  This r e l a -  

t ionship  did not hold t rue  in  the c o m p a r i s o n  between 

W0T + and W-T +. It is  concluded that an tagonis t i c  i n -  

dex se lec t ion  has r e su l t ed  in p ropor t iona te ly  l e s s  ge-  

ne t ic  change than the r e spec t i ve  s i n g e - t r a i t  l ines  in 

most components of growth. 

The correlations among selection treatment means 

for the various traits are of interest in predicting 

average genetic correlated responses in an array of 

traits when direct or indirect selection pressure is 

placed on body weight. These are not true genetic cor- 

relations as they are influenced by the particular se- 

lection history of the lines involved and may include 

non-additive and maternal effects. On the average, 

genetic increases in body weight under ad libitum 

feeding resulted in linear increases in fat and protein 

weight, %FAT, CONS and EFF and a decreased 

%PROT. Timon and Eisen (1970) showed that appetite 

was a primary factor leading to the increased growth, 

fat deposition and energetic efficiency of the MI6 line. 

These results agree with Blaxter (1968) who noted 

that the growth rate of an animal is dependent upon 

its level of feed intake. 

Based on these results, it is possible to make 

some conjectures about selection procedures that 

could be applied to change the components of growth 

differentially. If it were desirable to alter one com- 

ponent of body growth, say protein, while minimizing 

change in a second component, say fat, specific re- 

strictions on other traits in a selection index would 

be essential to realize these goals. Alternative ap- 

proaches would be to select for growth rate in a fixed 

age interval, using a constant feed intake based on an 

average or percent of average ad libitum feed intake, 

or to select directly for gain or efficiency of protein 

deposition. 
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