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Abstract:
Growth characteristics of sheep from birth to maturity and the evaluation of the genetic and phenotypic
relationships between growth traits with lifetime lamb and wool production were studied using data
from 302 Rambouillet, 338 Targhee and 175 Columbia ewes born between I960 and 1976. The Brody
(1945) growth model was used for the derivation of growth parameters mature weight (A) and
maturing rate (k). The Fitzhugh and Taylor (1971) equation-free model was used for the estimation of
growth statistics; Absolute Growth Rate (AGR), Relative Growth Rate (RGR) and Absolute Maturing
rate (AMR) for five intervals from birth to 18 mo. Genetic and phenotypic parameters were estimated
by half-sib intraclass correlation using Harvey (1977) least-squares method for each breed and for the
pooled data. Targhees were superior to Rambouillet and Columbias for weight of lamb at weaning
(ATWW) and efficiency index (El). ATWW was the lifetime yearly average of kg of lamb weaned and
El was ATWW per unit of ewes mature weight (A). Columbias were superior for yearly average grease
wool produced (ATFP). Age at maturity was estimated on 39 mo, 38 mo and 41 mo for Rambouillets,
Targhees and Columbias, respectively. Columbias had the highest A and the smallest k, Targhees
matured the fastest. Ewes born twins had the highest El. From the pooled data, heritability estimates of
average total of lambs born (ATLB), average total of lambs weaned (ATLW), average total weight of
lambs weaned (ATWW), average total grease fleece produced (ATFP) and El were .43±.15, .33±..15,
.11±>15, 68±..16 and .15±,15, respectively. Genetic correlation, between ATWW and A, indicated that
ewes with high additive genetic potential for ATWW will have high genetic potential for larger A. The
genetic correlation between ATWW and k was zero. For the three Fitzhugh and Taylor (1971) growth
statistics, highest heritabilities were obtained for the weaning-12 mo interval: AGR2 (.80+.16), RGR2
(.76+.16) and AMR2 (.81+.16). RGR2 had the highest positive genetic correlations with ATWW
(.95+.81), El (.77+.S2) and ATFP (.39+.19) among growth statistics. Inclusion of AGR2 and RGR2 in
the construction of selection indexes would improve accuracy of selection for ATWW, ATFP and El.
However, the contributions of A and k were inferior to AGR2 and RGR2. The use of any of the growth
traits studied in selection indexes for improvement of ATFP and El simultaneously gave no advantage
in improving efficiency of selection. 
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ABSTRACT

Growth c h a r a c t e r i s t i c s  o f sheep from b i r th  to  m a tu r ity  and th e  
e v a lu a tio n  o f  th e  g e n e tic  and p h en o ty p ic  r e l a t io n s h ip s  between growth 
t r a i t s  w ith  l i f e t im e  I a s b  and wool p ro d u c tio n  were s tu d ie d  u s in g  d a ta  
from 302 R am bou ille tl 338 Targhee and 175 Columbia ewes born  between 
I960 and 1976. The Brody C1945) g ro w th  m odel was u se d  f o r  th e
d e r iv a t io n  o f  growth p a ram ete rs  m atu re  w e ig h t (A) and m a tu rin g  r a t e  
(k ) .  The F itzhugh  and T ay lo r (1971) e q u a t io n - f re e  model was used  f o r  
th e  e s t i m a t i o n  o f  g ro w th  s t a t i s t i c s ;  A bso lu te  Growth R ate (AGR), 
R e la tiv e  Growth R ate (RGR) and A bso lu te  M aturing r a t e  (AMR) f o r  f i v e  
i n t e r v a l s  from b i r th  to  18 mo. G enetic  and p h en o ty p ic  p a ram e te rs  were 
e s tim a te d  by h a l f - s i b  i n t r a c l a s s  c o r r e la t io n  u s in g  Harvey (1977) l e a s t -  
sq u ares  method f o r  each b reed  and f o r  th e  pooled d a ta .  T argbees were 
s u p e r io r  to  R am bouille t and C olim blas f o r  w eigh t o f  lamb a t  w eaning 
(ATWW) and e f f ic ie n c y  in d ex  ( E l ) .  ATWW was th e  l i f e t im e  y e a r ly  average 
o f kg o f  Ian b  weaned and E I was ATWW p er u n i t  o f  ewes m ature  w eigh t 
(A ). Columbias w ere s u p e r io r  f o r  y e a r ly  average g rea se  wool produced 
(ATFP). Age a t  m a tu r ity  was e s tim a te d  on 39 mo, 38 mo and 41 mo f o r  
R am bou ille ts , Targbees and Colimb ia s ,  r e s p e c t iv e ly .  Columbias had th e  
h ig h e s t  A and the  s m a lle s t k . T arghees m atured th e  f a s t e s t .  Ewes born 
tw ins had th e  h ig h e s t  E l . From th e  pooled  d a ta ,  h e r i t a b i l i t y  e s tim a te s  
o f average t o t a l  o f  lcmbs born (ATLB), average t o t a l  o f  lam bs weaned 
(ATLW), average t o t a l  w e ig h t o f  la n b s  weaned (ATWW), average t o t a l  
g rea se  f le e c e  produced (ATFP) and E I w ere .4 3 ± .1 5 , .3 3 ± ,1 5 , .1 1 ± ,1 5 , 
68±..16 and .1 5 ± ,1 5 , r e s p e c t iv e ly .  G en etic  c o r r e la t io n ,  betw een ATWW 
and A, in d ic a te d  th a t  ewes w ith  h ig h  a d d i t iv e  g e n e t ic  p o te n t i a l  fo r  
ATWW w i l l  have h igh  g e n e tic  p o te n t ia l  f o r  l a r g e r  A. The g e n e t i c  
c o r r e la t io n  between ATWW and k was z e r o .  For th e  th r e e  F itzhugh  and 
T ay lo r (1971) growth s t a t i s t i c s ,  h ig h e s t  h e r l t a  b i l l  t i e s  were o b ta in e d  
f o r  th e  w eaning-12 mo i n t e r v a l :  AGR2 ( ,8 0 + .1 6 ) , RGR2 ( . 76+ .16 ) and
AMR2 ( .8 1 + .1 6 ) . KJR2 had th e  h ig h e s t  p o s i t iv e  g e n e t ic  c o r r e la t io n s  
w i th  ATWW ( .9 5 + .8 1 ) ,  EI (.77+*52) and ATFP (.39+*19) among growth 
s t a t i s t i c s .  I n c l u s i o n  o f  AGR2 an d  RGR2 i n  th e  c o n s t r u c t i o n  o f 
s e le c t io n  in d ex es  would im prove accu racy  o f s e le c t io n  f o r  ATWW, ATFP 
and E l. However, the  c o n tr ib u t io n s  o f  A and k w ere i n f e r i o r  to  AGR2 
and RGR2. The use o f any o f th e  growth t r a i t s  s tu d ie d  i n  s e le c t io n  
in d ex es  f o r  improvement o f ATFP and EI s im u ltan eo u s ly  gave no advantage 
in  im proving  e f f ic ie n c y  o f s e le c t io n .
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INTRODUCTION

The l a r g e  n u m b e rs  o f  s h e e p  b r e e d s  a n d  th e  i n d i v i d u a l  

c h a r a c te r i s t i c s  o f  th e  wide range o f environm ents to  which they  a re  

a d a p te d  p la y s  a  fu n d a m e n ta l  r o l e  i n  t h e i r  u n i v e r s a l  p r o d u c t iv e  

p o te n t ia l  r e l a t i v e  to  o th e r  dom estic  s p e c ie s .  T h e ir  a b i l i t y  to  s u b s i s t  

and produce under d i f f e r e n t  ecosystem s a t t e s t s  to  t h e i r  broad a d a p tiv e  

c a p a b i l i t i e s .  R eproductive perform ance o r f i t n e s s  h a s  been used  a s  an  

i n d i c a t o r  o f  how w e l l  a  p o p u la t io n  i s  a d a p te d  t o  a  p a r t i c u l a r  

environm ent. F i tn e s s  h as  a ls o  been shown to  be in f lu e n c e d  im p o rta n tly  

by g e n e tic  e f f e c t s  o th e r  th an  a d d i t iv e ,  th e  l a t t e r  b e in g  th e  raw  

m a te r ia l  by which s e le c t io n  accom plishes th e  g o a ls  o f  improvement.

Some advance h as  been ach iev ed  i n  the g e n e t ic  im p ro v em en t o f  

s t r a i n s  o r  b reeds o f  sheep f o r  re p ro d u c tiv e  perform ance and a  m ajor 

gene f o r  m u ltip le  b i r t h s  has been d isco v e red  i n  th e  A u s tra l ia n  s t r a i n  

o f  M erinos c a l le d  B ooroola . Y et, i n  many o f th e  w e ll e s ta b l is h e d  

b reeds o f  sheep re p ro d u c tiv e  perform ance i s  th e  m ain l im i t in g  f a c to r  of 

p ro d u c t iv i ty .

I t  h a s  been observed  t h a t  re p ro d u c tiv e  perform ance, e v a lu a te d  i n  

many d i f f e r e n t  ways, does n o t respond  r e a d i ly  t o  a r t i f i c i a l  s e le c t io n .  

Reasons f o r  l im i te d  resp o n se  to  a r t i f i c i a l  s e le c t io n  may be due to  our 

la c k  o f knowledge abou t th e  many p o s s ib le  b io lo g ic a l  v a r i a b l e s  and  

t h e i r  i n t e r a c t io n s  in v o lv e d  i n  th e  e x p re ss io n s  o f  re p ro d u c tio n  and (o r )  

t h a t  we have n o t y e t  d isco v e red  th e  most p r a c t i c a l  way f o r  e v a lu a tio n  

and a p p l ic a t io n  o f  In fo rm a tio n  i n  s e le c t io n .
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Growth h a s  a ls o  been a s s o c ia te d  w ith  f i t n e s s  and i t  i s  p o s s ib le  

th a t  a  g e n e tic  r e la t io n s h ip  e x i s t s  between th e se  two b a s ic  t r a i t s .  I f  

th a t  i s  t r u e ,  th e  use o f growth a s  an  in d ic a to r  o f f u tu r e  l i f e t im e  

re p ro d u c tiv e  perform ance would be im p o r ta n t i n  th e  d e v e lo p m en t o f  

b reed in g  p la n s  to  im prove re p ro d u c tiv e  perform ance and e f f ic ie n c y  o f 

p ro d u c tio n  in  sheep . A d d itio n a l in fo rm a tio n  i s  needed re g a rd in g  th e  

r e l a t i o n s h i p s  b e tw e e n  g ro w th  and l i f e t i m e  p r o d u c t io n ,  g iv in g  

c o n s id e ra tio n  to  th e  f a c t  th a t  growth and l i f e t im e  p ro d u c tio n , a r e  

cum ulative  p ro c e sse s  i n  developm ent.

The purpose o f th e  p re se n t s tudy  was to  e s tim a te  th e  g e n e tic  and 

pheno typ ic  r e l a t io n s h ip s  among m easures o f  e a r l y  g ro w th , r a t e s  o f  

m a tu r ity , m ature s iz e ,  re p ro d u c tio n  and p ro d u c tio n  o f  range sheep , and 

to  id e n t i f y  t r a i t s  th a t  can be m easured e a r ly  i n  l i f e  th a t  w i l l  have 

v a lu e  f o r  p re d ic t in g  g e n e tic  m e r i t  o f  l i f e t im e  p ro d u c tio n .
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REVIEW OF LITERATURE

Growth

Growth h as  alw ays been l in k e d  to  p ro g re s s iv e  developm ent. In

p a r t i c u l a r ,  when development i s  e v a lu a te d  i n  te rm s  o f  body w e ig h t

g a in s , th a t  developm ent i s  co n sid e red  to  be a  consequence o f g e n e ra l

body g ro w th .  B rody  (1 9 4 5 ) d e f i n e d  g row th  a s  " C o n s t r u c t i v e  o r

a s s i m i l a t o r y  s y n th e s i s  o f  one su b stan ce  a t  th e  expense o f an o th er

( n u t r ie n t )  which undergoes d i s s i m i l a t i o n " .  E a r l i e r  B rody  (1 9 2 8 )

d e f in e d  g row th  a s  th e  in c re a s e  i n  th e  number o f c e l l s  due to  an

u n s ta b l e  e q u i l ib r iu m  b e tw een  th e  o rg a n ism  and  th e  e n v iro n m e n t

su rro u n d in g  i t .  The approach to  a  s ta b le  e q u ilib r iu m  i s  c a l le d  grow th.

Bonner (1958), in d ic a te d  th a t  accu m u la tio n  o f p ro top lasm  by grow th

i s  a  consequence o f developm ent. He w ro te ,

"The t e l e o lo g ic a l  purpose o f developm ent i s  t o  c r e a t e  an  
i n d i v i d u a l  t h a t  i s  w e l l  a d a p te d  and  s u c c e s s f u l  i n  i t s  
env ironm ent". "A nother im p lic a t io n  i n  th a t  th e re  has been an 
in c re a s e  i n  d iv is io n  o f  la b o u r , fo r  c le a r ly  t h i s  i s  v i t a l  fo r  
a d a p t iv e  s u c c e s s .  I n  te rm s  o f  d e v e lo p m en t t h i s  m eans 
d i f f e r e n t i a t i o n .  In c re a se  i n  s i z e  and d iv is io n  o f  la b o u r  a re  
th e  two prim ary g o a ls  o f d ev e lo p m en t.." . " In  l a r g e  m easure 
th e  su ccess  o f  organism s i n  n a tu re  depends upon t h e i r  b e ing  
w e ll k n i t  and c lo s e ly  c o -o rd in a te d . I t  i s  n o t enough to  have 
a la rg e  organism  which p a rc e ls  o u t i t s  a c t i v i t i e s ;  i t  must be 
a d i s c r e te ,  sm oothly fu n c tio n in g  u n i t ,  p h y s io lo g ic a l ly  w e ll 
ba lanced  w ith in , a s  w e ll  a s  a d ju s te d  to  i t s  env ironm en t. I t  
m ust have system s o f p h y s io lo g ic a l r e g u la t io n ,  c o r r e la t io n  and 
c o n tro l ,  so t h a t  i t  i s  s ta b le  even i n  a d v e r s i ty .  T h is k in d  o f  
s t a b i l i t y  by c o -o rd in a tio n  p la y s  an  im p o rta n t r o l e  i n  th e  
s u rv iv a l  o f th e  f i t t e s t  and must be c o n s ta n tly  improved by 
s e l e c t i o n .«

From th e  p rev io u s  parag rap h  i t  m igh t be in f e r r e d  t h a t  growth i s  a 

r e a c t io n  o f th e  anim al to  i t s  env ironm ent. Im p l ic i t ly  th e re  i s  an  

id e a l ,  a  ba lanced  s u c c e s s fu l  s iz e  f o r  a s p e c i f i c  env ironm ent. That
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id e a l  could be c a l le d  th e  f i t t e s t  s iz e  co rre sp o n d in g  to  the optimum 

p r o p o r t io n a l i ty  and d iv is io n  o f  la b o r  among a l l  th e  c o n s t i tu e n t  p a r t s  

in  the organism . Thus, th e  tre n d s  o f d i f f e r e n t i a t i o n  could  be an a ly zed  

i n  te rm s o f  growth p a t te r n s .  An im p o rtan t v a r ia b le  w ith in  th e  system  

would be th e  tim e re q u ire d  f o r  an in d iv id u a l  t o  re a ch  the  p o in t of 

b a la n c e  i t s e l f ,  which would be r e l a t e d  to  f i t n e s s  and, im p l ic i t l y ,  

s tro n g ly  in f lu e n c e d  by n a tu ra l  s e le c t io n .

In  sheep , B u t te r f ie ld  e t  a l .  (1 9 8 3 a ,b) dem onstra ted  t h a t  between a 

la r g e  and sm all s t r a i n  o f  M erinos , t h e r e  e x i s t s  a  w id e  ra n g e  o f 

p ro p o r tio n s  o f  m uscle, bone, f a t ,  a lim e n ta ry  t r a c t  and o th e r  in te r n a l  

o rgans r e l a t i v e  to  w e ig h t. However, when the  p ro p o r tio n s  o f  th e se  

t i s s u e s  and o rgans w ere compared i n  r e l a t i o n  to  m a tu r i ty , a  re d u c tio n  

of th e se  d if f e r e n c e s  was o b serv ed . M cC lelland e t  a l .  (1976) reach ed  a 

s im i la r  co n c lu s io n  i n  a s tudy  on th e  d i f f e r e n c e s  i n  body com position  o f 

fo u r  b reeds o f sheep a t  m a tu r ity . These s tu d ie s  su g g e s t th a t  w e ig h t a t  

a s p e c i f ic  age i s  on ly  an in d ic a t iv e  p o in t  w ith in  a  whole b io lo g ic a l  

p ro cess  c a l le d  grow th. That p ro c e ss  in v o lv e s  an  im p o rtan t group o f  

v a r ia b le s ,  and i s  m eaningful in  c o n s id e rin g  com parative  re sp o n se s  about 

anim al e f f ic ie n c y .

The p a t te r n s  o f  growth a re  s im i la r  f o r  each o rg an , however, they  

d i f f e r  i n  e a r l in e s s  o f m a tu r i ty  (com plete developm ent). The in c re a s e  

i n  body w e ig h t w ith  t im e , a s  n o te d  by Brody (1 9 2 7 a ), p roduces a  

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

" s e l f - a c c e l e r a t i n g "  p h a s e ,  b e f o r e  an  i n f l e c t i o n  p o i n t ,  and th e  

fo llo w in g  " s e l f - i n h ib i t i n g "  ph ase . The shape o f the  growth cu rve  fo r
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The s e l f - a c c e l e r a t i n g  p h a s e ,  s t a r t i n g  a t  co n cep tio n , shows a 

broken p a t te r n  o f a t  l e a s t  th re e  c y c le s  c a l le d  i n f a n t i l e ,  Ju v e n ile  and 

a d o le s c e n t  (R o b e rtso n , 1908; c i t e d  by Brody, 1928). A phenomenon 

o c cu rs  th a t  o th e r s  have c a l le d  "m etam orphosis" (D avenport, 1926). At 

l e a s t  fo u r  o f th e se  c y c le s  w ere co n sid e red  to  be p re s e n t by Brody 

(1928). These could be r e l a t e d  to  changes in  p ro p o r tio n  due to  th e  

d i f f e r e n t  s iz e s  o f  th e  components when d i f f e r e n t i a t e d  i n  th e  embryo, as 

w e ll a s  t h e i r  d i f f e r e n t  a s y m p to t ic  w e ig h ts  and g ro w th  c u r v e s  a t  

d i f f e r e n t  p h ases , as  p o in te d  o u t by Fowler (1 9 8 0 ).

These c y c le s  a re  e v id e n tly  p ro d u c ts  of th e  developm ent o f  th e  

in t e r n a l  o rg an s . They proceed  tow ard t h e i r  m ature w e ig h ts  e a r l i e r  th an  

does the  body a s  a  whole ( B u t te r f i e ld  e t  a l ,  1983b). Muscle and bone 

developm ent a re  a ls o  in c lu d e d . The amount o f  f a t ,  th e  t i s s u e  o f l a t e s t  

developm ent ( B u t te r f i e ld  e t  a l . , 1983a), i s  an  in d ic a t io n  o f m a tu r i ty . 

T a y lo r  ( 1 9 8 2 ), s u g g e s t s  t h a t  m a tu re  w eigh t can be d e fin e d  a s  an 

e q u ilib r iu m  w eight c o n ta in in g  15% o f chem ical f a t .

T hus, g row th  i s  a g r a d u a l  p r o c e s s  o f  r e a c h in g  a  b a la n c e d  

e q u ilib r iu m  of an  organism  to  a  s p e c i f i c  env ironm ent. I t  i s  p o s s ib le  

t h a t  th e  f a s t e r  grow ing an im a ls  which reach  m a tu r ity  e a r l i e r  w i l l  

p robab ly  be th e  f i t t e s t .  I t  would be im p o rtan t to  know, a s  re g a rd s  th e  

m ature anim al perform ance, w hether th e re  i s  any s e le c t iv e  advantage f o r  

th e  f a s t  m atu rin g  an im als  compared t o  the  slow m a tu rin g  o n es . TWo 

approaches can be tak en  to  lo o k  f o r  a  p o s s ib le  answ er; an  a n a ly s is  o f

each constituen t body p a rt w ill  tend to  have a s im ila r p a tte rn  to  th a t

of the whole body (Hammond, 1932).
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l o n g e v i ty  and  an  a n a l y s i s  o f  p r o d u c t iv e  p e r fo rm a n c e , in c lu d in g  

e s p e c ia l ly  re p ro d u c tiv e  perform ance. .

Brody (1928) su g g es ted  th e  a p p l ic a t io n  o f  th e  e q u a tio n  Wfc * Aek t 

f o r  r e p re s e n t in g  any o f the  segm ents (c y c le s )  o f  the  s e l f - a c c e l e r a t in g  

phase o f grow th. (Wfc) ,  r e p re s e n ts  th e  w e ig h t o f  a  g iv en  anim al a t  age 

( t ) ;  (A) co rresp o n d s to  th e  a d u l t  w eigh t (m ature  w e ig h t) ;  (e )  i s  the  

base o f th e  n a tu ra l  lo g a r ith m ; and (k ) i s  th e  r e l a t i v e  r a t e  o f growth 

w ith  re s p e c t  to  m ature w eight (A).

Growth and lo n g e v i ty

A fte r th e  o n se t o f  p u b e rty , th e  r a t e  o f  growth d e c re a se s  g ra d u a lly  

u n t i l  th e  maximum s iz e  i n  a l l  the o rg an s  i s  reach ed  and th e  m a tu r ity  o f  

th e  in d iv id u a l  i s  a t t a in e d .  Along w ith  developm ental grow th, a  g rad u a l 

change i n  the  c a p a b i l i ty  o f the  organism  to  overcome d is e a s e  ( v i t a l i t y )  

o c c u rs . The maximum v i t a l i t y  i s  reach ed  a t  p u b e rty  (B rody, 1928). 

Senescence, t h e o r e t i c a l l y ,  s t a r t s  a t  p u b e rty , when s e x u a l  a c t i v i t y  

b eg in s.

A ccording to  Comfort (1 9 6 1 ), ag in g  o r  senescence  means a  d e c lin e  

i n  v ig o r  o r  v i t a l i t y  w ith  the  p a ss in g  o f tim e , and i s  c h a ra c te r iz e d  by 

th e  In c re a se d  p r o b a b i l i ty  o f  dy ing . He f u r th e r  s t a t e s  t h a t  lo n g e v ity  

o r th e  lo n g  d u ra tio n  o f  l i f e  has been found to  be c o r r e la te d  w ith  s iz e  

i n  d i f f e r e n t  a n im a l s p e c ie s ,  but a  c lo s e r  r e l a t io n s h ip  a p p a re n tly  

e x i s t s  b e tw een  lo n g e v i ty  and  n e t  r e p r o d u c t i v e  r a t e .  H ow ever, 

l o n g e v i t y 's  c l o s e s t  s i n g l e  c o r r e l a t e  seem s t o  be th e  " in d ex  o f  

c e p h a liz a t io n "  which i s  m easured by th e  ex ce ss  o f  b ra in  s iz e  over th a t

e x p e c te d  from  th e  g e n e ra l p a t te r n  o f  mammalian o rg a n ic  p ro p o r tio n s  

(C om fort, 1961).
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Normally growth and senescence  a re  ex p ressed  a s  a  consequence o f 

tim e, bu t f o r  growth and senescence , tim e i s  somewhat r e l a t i v e  and can 

be co n sid e red  a s  a co n ju g a te  e f f e c t  o f  a l l  th e  f a c to r s  in v o lv ed  i n  a 

s p e c i f i c  environm ent where th e  in d iv id u a l  grows and re p ro d u c es . The 

m ore im p o r ta n t  e n v iro n m e n ta l  f a c t o r s  a p p e a r  to  be te m p e r a tu r e ,  

n u t r i t i o n  and io n iz in g  r a d ia t io n  (C o m fo r t, 1 9 6 1 ) . The e f f e c t  o f  

n u t r i t i o n  on growth and senescence  h a s  been dem onstrated  i n  r a t s  (McCay 

e t  a l . , 1935; Berg and Sim s, 1961).

f la ts  have a  much s h o r te r  l i f e  span under optimum fe e d in g  f o r  r a p id  

growth th an  r a t s  under a  system  of fe e d in g  which checks growth but 

av o id s  any v itam in  d e f ic ie n c y . The r e s t r i c t e d  r a t s  a p p a re n tly  rem ain 

ju v e n i le ,  and a r e  more a c t iv e  and d is e a s e  f r e e  th an  r a t s  h a v in g  a 

normal d i e t .  When th e  d ie t  r e s t r i c t e d  r a t s  r e c e iv e  a d d i t io n a l  food, 

they  m ature and develop  no rm ally . From th e se  r e s u l t s  (C om fort, 1961) 

i t  a p p e a r s  t h a t  r a p i d  g ro w th  te n d s  t o  s h o r t e n  l i f e  s p a n , and 

n u t r i t i o n a l  l e v e l  seems to  be th e  f a c to r  o f  g r e a t e s t  im portance on 

growth r a t e .  T h is id e a  was a ls o  m a in ta in ed  by Brody (1 9 4 5 ).

Growth an d  e f f l n i A n n v

E f f i c i e n c y  i n  an im al p ro d u c tio n  can be e v a lu a te d  i n  te rm s o f 

energy  u t i l i z a t i o n  o r  i n  te rm s of n e t m o n e ta ry  incom e when o t h e r  

f a c to r s ,  in  a d d i t io n  to  th e  b io e n e rg e tic  a s p e c ts  o f  p ro d u c t iv i ty ,  a re  

in v o lv e d . In  some c ircu m stan ces  b io e n e rg e tic  a s p e c ts  a re  transfo rm ed  

to  c u rre n t m onetary v a lu e s . However, a  b e t t e r  b a s is  f o r  com paring 

e f f i c i e n c i e s  among s p e c i e s ,  b r e e d s  o r  s t r a i n s  i n  p a r t i c u l a r  

environm ents would be i n  te rm s o f  energy u t i l i z a t i o n .  F lu c tu a tio n s  i n
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W ith r e s p e c t  to  grow th, e n e r g e t ic  e f f ic ie n c y  can be e v a lu a te d  by 

th e  p ro p o r tio n  o f  growth ach ieved  (work perform ed) r e l a t i v e  to  th e  f r e e  

energy  expended (B rody, 1945). In  g e n e ra l , anim al e f f ic ie n c y  can be 

ex p re ssed  i n  te rm s o f  grow th. However, two a s p e c ts  must be co n sid e re d : 

( I )  the  grow th w hich i s  r e l a t e d  to  developm ent (assum ing a maximum i s  

reached  a t  a d u l t  ag e) which i s  cu m u la tiv e ly  in c re a se d  u n t i l  adu lthood  

and l a t e r  m ain ta in ed  (meat p r o d u c t io n ) ,  and ( 2 ) o t h e r  a s p e c t s  o f  

grow th, not d i r e c t ly  a s s o c ia te d  w ith  developm ent, which cou ld  be c a l le d  

c y c lic  grow th, o c c u r r in g  a t  any p e r io d  i n  th e  l i f e  cy c le  o f  an  an im al, 

and r e l a t e d  to  a  c e r t a in  p ro d u c tiv e  component ( i . e .  m ilk , eggs, wool, 

e t c ) .  R eproductive t r a i t s  would be a p a r t i c u la r  case because o f t h e i r  

im p l ic i t  dependence on o th e r  f a c to r s  b e s id e s  th e  anim al i t s e l f  ( i . e .

m a tin g ). In  g e n e ra l , the s y n th e s is  o f any p ro d u c t w ith in  the  organism  

could  be c a l le d  grow th.

E f f i c i e n c y ,  a c c o rd in g  to  Brody (1945) i s  th e  r a t i o  o f  growth 

ach iev ed  over f r e e  energy expended. Some of the  expended energy  i s  

norm ally  d is s ip a te d  a s  h e a t .  E n e rg e tic  e f f ic ie n c y  i s  e a s i e r  to  m easure 

and e v a lu a te  in  organism s a t  em bryo log ica l s ta g e s  (d u r in g  p re -n a ta l  

g ro w th ). However, a f t e r  b i r t h ,  due to  th e  in f lu e n c e  o f many v a r ia b le s ,  

th a t  ta sk  i s  more d i f f i c u l t  (B rody, 1945) .

A n im als  u se  fo o d  e n e rg y  to  m ee t s u r v iv a l  re q u ire m e n ts  which 

in c lu d e  m ain tenance , developm ental grow th, re p ro d u c tio n  and p ro d u c tio n  

a f t e r  m a tu r i ty .  Holmes (1977) s t a t e s  t h a t  th e  e s t im a tio n  o f  fe e d

economic fa c to rs  a re  le s s  s ta b le  fo r evaluating  animal e ffic ie n cy , and

th ere fo re  of lim ited  value except fo r sho rt periods o f time.



e f f ic ie n c y  should be done i n  r e l a t i o n  to  th e  l i f e t im e  anim al y ie ld  and 

th e  t o t a l  in p u ts  o f  fe e d  re s o u rc e s .

D iffe re n c e s  i n  anim al e f f ic ie n c y  a r e  r e l a t e d  i n  v a ry in g  d eg rees  to  

th e  g e n e tic  make-up o f  th e  a n im a ls . T h is i s  q u a n t i f ie d  i n  te rm s o f  

g e n e tic  v a r i a t io n .  For exam ple, s e le c t io n  f o r  c le a n  wool w eigh t p e r 

head r e s u l t s  i n  a  c o r r e la te d  in c re a s e  i n  e f f ic ie n c y  (T u rn er and Young, 

1969)• There a r e ,  how ever, few e s t im a te s  o f g e n e t ic  p a ram ete rs  f o r

e f f i c i e n c y .  T e r r i l l  ( 1975) in d ic a te s  t h a t  l i t t l e  i s  known o f  th e  

g e n e tic  d i f f e r e n c e s  among sheep re g a rd in g  re q u ire m e n ts  o f  s p e c i f i c  

n u t r i e n t s ,  and th a t  th e  a v a i la b le  in fo rm a tio n  comes from re s e a rc h  w ith  

d i f f e r e n t  o b je c t iv e s .

Most s tu d ie s  have used u n i t s  o f  fe e d  consumed p e r  u n i t  o f  w eigh t 

gained  a s  a  m easure o f e f f ic ie n c y  and h e r i t a b i l i t y  e s t im a te s  c i te d  by 

T e r r i l l  (1975) were o b ta in ed  by B o tk in  (1 955), W itt e t  a l .  (1 9 6 7 ), 

V esely and Robison (1968) and E rcanbrack (1974). L a s ley  (1978) g iv e s

.20 to  .25  as  th e  average h e r i t a b i l i t y  fo r  t h i s  m easure o f  e f f ic ie n c y  

in  sheep.

In  o th e r  s tu d ie s ,  due to  th e  d i f f i c u l t y  o f  m easuring  d a i ly  food 

consumption p er an im al, th e  a n a ly se s  o f e f f ic ie n c y  f o r  w eigh t g a in  have 

used body w eigh ts g a in s  i n  s p e c i f i c  p e r io d s  o f  grow th. The assum ption  

has been made th a t  the g e n e t ic  and p heno typ ic  c o r r e la t io n s  betw een  

average d a ily  w eight g a in s  and fe e d  e f f ic ie n c y  in  sheep  a r e  h ig h  (- .7 3  

and - .6 0 ,  r e s p e c t iv e ly )  a cc o rd in g  to  L a s le y  (1 9 7 8 ). Feed e f f ic ie n c y  

and d i g e s t i b i l i t y  a re  h ig h ly  c o r r e la te d  (P r ic e  e t  a l . ,  1965) .  Wool 

p ro d u c tio n  e f f ic ie n c y  h a s  a lso  been s tu d ie d  and  th e  e x i s t e n c e  o f  

g e n e tic  d i f f e r e n c e s  dem o n stra ted . Even a t  low le v e l s  o f  fe e d  in ta k e

9
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T e r r i l l  (1975) c o n s id e rs  the p o s s i b i l i t i e s  of e f f ic ie n c y  improvement by 

s e le c t io n  to  be f e a s ib le .

S tu d ie s  re g a rd in g  th e  e f f ic ie n c y  o f re p ro d u c tiv e  perform ance a re  

s c a rc e . Yet th e  m ain l im i t in g  f a c to r  i n  the  su c c e ss  o f the  sheep 

in d u s try  i s  th e  low re p ro d u c tiv e  r a t e  (B la x te r , 1968; T u rn er, 1969) .  

Holmes (1977) i n d i c a t e d  t h a t  r e p r o d u c t iv e  p e rfo rm a n c e  i s  a  v e ry  

im p o rtan t t r a i t ,  which can be m easured i n  te rm s o f  i t s  c o n s t i tu e n t  

p a r t s ;  age a t  f i r s t  b reed in g , le n g th  o f re p ro d u c tiv e  c y c le , r e g u la r i ty  

o f  b re e d in g ,  l i t t e r  s iz e  and p e r i - n a t a l  m o r ta l i ty .  He s t a t e s  t h a t  

d oub ling  the  number o f progeny in  sheep would in c re a s e  e f f ic ie n c y  by 

5 0 $ . A r e p r o d u c t i v e  in d e x  (H olm es, 1 9 7 7 ) , a n n u a l mass o f  l i v e  

o f f s p r in g  born d iv id ed  by th e  mass o f t h e i r  dam i n  te rm s o f m e ta b o lic  

w e ig h t  (W 7 ) ,  su g g es ts  t h a t  sheep a r e  among th e  s p e c ie s  w ith  th e  

p o o re s t perform ance (T ab le  I ) .  However, Robinson (1974) p re se n te d  th e  

f e a s i b i l i t y  o f  an i n t e n s i v e  in d o o r p ro d u c tio n  system , u t i l i z i n g  a 

lam bing in t e r v a l  o f  205 days. The c e n tr a l  em phasis was l i t t e r  s iz e  and 

frequency  o f b reed in g , m an ipu la ted  by c o n t r o l l in g  n u t r i t i o n ,  l a c t a t i o n ,  

and day le n g th ;  w ith  in d iv id u a l  fe e d in g  a cc o rd in g  to  th e  l e v e l  o f

p ro d u c tio n  o f  th e  ewes. I n t e r e s t  was a ls o  c e n te re d  on re p ro d u c tiv e  

e f f ic ie n c y  i n  t h i s  in te n s iv e  system .

From a  p r a c t i c a l  p o in t o f  view , th e  commercial p ro d u c e rs ' i n t e r e s t  

i s  to  maximize n e t  r e tu r n s  ( e f f ic ie n c y  i n  term s o f incom e). At t h i s  

p o in t ,  ba lance  must be found among th e  more im p o rtan t p ro d u c tiv e  t r a i t s  

a s  to  t h e i r  r e l a t i v e  im portance ( in c re a s e  i n  n e t  r e tu r n  p e r u n i t  change 

i n  a  s p e c i f ic  t r a i t ) .  I h a t  ba lance  u s u a lly  in v o lv e s  re p ro d u c tiv e  r a t e ,  

wool and meat (R ae, 1982). The id e a l  c o n d itio n , i n  te rm s o f grow th
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would be to  produce f a s t e r  grow ing an im als  w ith  low m ature s iz e  to  

reduce m ate rn a l c o s ts  (R obertson , 1982). A c o r r e la te d  advan tage would 

be an e a r l i e r  ag e  a t  p u b e r ty  and  h ig h e r  p r o p o r t io n  o f  m u l t i p l e  

o v u la tio n s  i n  th e  ewe lambs th a t  reach ed  p u b e rty  e a r l i e r  (Lang and 

M ight, 1967). T ierney  (1969) a lso  s u g g e s ts  th a t  s e le c t io n  f o r  ewes 

hav ing  f i r s t  e s tr o u s  a t  a  young age can r e s u l t  i n  in c re a s e d  o v e r a l l  

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

( L esm eiste r e t  a l . , 1973) .

A n e g a tiv e  r e la t io n s h ip  e x i s t s  between s iz e  and wool p ro d u c tio n
,■ I : .

(T urner and Young, 1969) due to  the  p o s i t iv e  r e l a t io n s h ip  between s iz e  

and su rfa c e  a re a  o f sk in . R ie re fo re , sm all s i z e  r e s u l t s  i n  a  r e d u c tio n  

i n  wool p ro d u c tio n . However, a  g r e a te r  number o f sm all an im als cou ld  

be r a i s e d  p e r u n i t  o f  la n d  (o r fe e d  a v a i la b le )  which would com pensate 

f o r  the  n e g a tiv e  e f f e c t  o f in d iv id u a l  s iz e  on wool p ro d u c tio n .

M odels f o r  grow th e v a lu a t io n

The r e p r e s e n ta t io n  o f  growth i n  te rm s o f body w eight was d isc u sse d  

by Brody (1927a). He in d ic a te d  th re e  ways th a t  grow th  c o u ld  be 

re p re s e n te d :  ( I )  a  v e lo c i ty  cu rv e ; (2) a cum ula tive  curve re p re s e n t in g  

the sums o f a l l  g a in s ;  and ( 3 ) a  r e l a t i v e - r a t e  curve (o r  p e rcen tag e  

c u rv e ) . He recommended th e  cum ulative  cu rve  a s  th e  most u s e fu l o f 

th e se  th r e e .  The a d v a n ta g e  t h a t  B rody saw f o r  th e  u se  o f  th e  

cum ulative  growth r e p r e s e n ta t io n  was m ain ly  r e l a t e d  to  i t s  b io lo g ic a l  

i n t e r p r e t a t i o n :  ( I )  f o r  e a r ly  com parison of th e  r e l a t i v e  p ro g re s s  o f  

growth o f d i f f e r e n t  an im a ls ; ( 2) r e p r e s e n ta t io n  o f  growth s ta n d a rd s ; 

and (3 ) f o r  pu rp o ses  o f in te r p o la t io n ,  because a c c id e n ta l  v a r i a t io n  and 

ex p erim en ta l e r r o r s  can be m inim ized.
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TABLE I . REPRODUCTIVE INDEX3

T ypical 
mass o f  
dam 

kg
W-75

kg

Progeny 
mass a t  
b i r t h  

kg

No. of 
progeny 
per y e a r

Progeny 
mass 
p e r y e a r  
kg

R eproductive
Index

kg kg* 7 5

Chicken 2 .5 1.99 .05 100 5 .0 2.0 2.51
150 7 .5 3 .0 3 .77
250 12.5 5 .0 6 .2 8

Turkey 10.0 5.62 .10 50 5 .0 .5 .89
80 8.0 .8 1.42

R abbit 4 .5 3 .0 9 .05 20 1.0 .22 .32
40 2.0 .44 .65

Sow 170.0 47.1 1 .5 12 18.0 .11 .38
1.2 24 28.8 .17 .61

Ewe 70.0 24 .2  . 4 .5 I 4 .5 .06 .19
4 .0 2 8.0 .12 .33
3 .0 3 9 .0 .13 .37

Cow 500.0 105.7 42.0 I 42.0 .08 .40
35.0 2 70 .0 .14 .66

aA fte r  Holmes, 1977.
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Ih e  use o f th e  cum ulative  curve gave r i s e  to  te rm ino logy  which i s  

b a s ic  to  the  u n d e rs tan d in g  of the  g ra p h ic a l r e p r e s e n ta t io n  an d  th e  

a n a ly s is  o f  grow th. That te rm in o lo g y , a p p lie d  to  th e  model used by 

Brody (1 927a,d) f o r  the  d e f in i t io n  o f the  p o s t-p u b e ra l phase o f  growth 

( s e l f - i n h i b i t i n g ) ,  in v o lv e s  t h r e e  p a r a m e te r s .  IVo o f  them have 

Im p o rtan t b io lo g ic a l  m eaning: ( I )  m ature s iz e  (A ), which i s  a lso  c a l le d  

asy m p to tic  w e ig h t; and (2) th e  s lope  (k ) which i s  th e  r e l a t i v e  v e lo c i ty  

o f growth or th e  r e l a t i v e - r a t e  o f grow th w ith  r e s p e c t  to  th e  grow th y e t  

to  be made (A -  W), re p re se n te d  by:

dW/dt Where; W = W eight a t  age t
* 8 '  t  = Age i n  tim e  u n i t s

A =  M ature w e ig h t.

I b .  t h i r d  p a ram ete r (B ) , which h a s  no b io lo g ic a l  a l g U f l c a . c e ,  I ,  a .

ag e-p aram e te r r e p re a e n tln g  th e  I n te r c e p t  o f  the  curve (A-M) when t =0 
( a t  b i r t h ) .

O t h e r  m o d e l ,  w e r e  p r o p o s e d  f o r  t h e  p o s t  i n f l e c t i o n  

( s e l f - i n h i b i t i n g )  phase o f  growth p re v io u s  to  B ro d y 's  m odel. A fte r  

th o r o u g h  s t u d y  B rody  c o n c lu d e d  t h a t  th e  f o l l o w i n g  n o n - l i n e a r  

th re e -p a ra m e te r  e q u a tio n  was th e  m ost a p p ro p r ia te  m odel:

Vt  S A -  Be“k t

Where:

Wfc s Weight a t  tim e t  

A s M ature w eigh t 

B s C onstant o f  in te g r a t io n  

e s  Base o f n a tu ra l  lo g a rith m

k s Rate a t  which th e  curve approaches th e  asym pto te .

T his e q u a tio n  can be tran sfo rm ed  t o ;
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Wt  -  Wte  = A -  A e - k ( t - t " ) ,

in  which th e  growth curve h a s  been fo rc e d  to  a  s p e c i f ic  p o in t  (Wfce, 

t » ) .  A p a r t i c u la r  case o c cu rs  when the  o r ig in  o f the  cu rve  i s  s e t  to  

th e  in t e r s e c t io n  o f  th e  o rd in a te  and a b s c is s a  (t*=0 Wfce=O). In  t h i s  

s p e c ia l  case  (F ig u re  I ) ,  B e q u a ls  A and th e  fu n c t io n  i s  reduced  to  a 

two param eter e q u a tio n : .Wfc = A -  Ae~k t . N elsen e t  a l .  (1982) u t i l i z e d  

t h i s  approach a s  an a l t e r n a t iv e  f o r  a d ju s t in g  by B, f a c i l i t a t i n g  the  

d i r e c t  com parison o f  th e  k v a lu e s  among an im a ls .

M odels o th e r  th a n  B ro d y ’ s  h av e  a ls o  been  d i s c u s s e d  i n  th e  

l i t e r a t u r e  f o r  f i t t i n g  anim al growth c u rv e s . Many have th e  c a p a b i l i ty  

o f  f i t t i n g  th e  w ho le  g ro w th  c u r v e ,  i n c l u d i n g  th e  p r e - p u b e r a l  

s e l f - a c c e l e r a t in g  phase (E isen  e t  a l . ,  1969; Timon and E isen , 1969; 

Brown e t  a l . ,  1976; DeNise and B rin k s , 1985). O ther m odels have a lso  

b een  p ro p o se d  and  a p p l i e d  i n  th e  a n a ly s i s  o f  growth cu rv e s , but 

a p p a re n tly  have n o t been compared w ith  o th e rs  (S p re n t ,  1967; W arren e t  

a l . ,  1980; F le tc h e r ,  1974). The i n i t i a l  th eo ry  about th e  m athem atica l 

r e p re s e n ta t io n  o f growth developed by Brody (1927a , 1927b, 1927c, and 

1928) has a ls o  re c e iv e d  new im p o rtan t c o n tr ib u t io n s  (T ay lo r , 1980a ,b, 

1965, 1968, 1982, 1985; T aylor and F itzh u g h , 1971; F itzhugh  and T ay lo r, 

1971).

E isen  e t  a l .  (1969) made a  com parison among th e  growth fu n c tio n s  

( L o g is t ic ,  Gompertz and B e r ta la n f fy )  i n  m ice from b i r th  to  54 d o f ag e . 

T hese g row th  m o d e ls  c o r re s p o n d  t o  th e  g ro u p  o f  t h r e e  pa ram ete r 

e q u a tio n s  w ith  f ix e d  in f l e c t i o n  p o in ts .  Based on the  d i f f e r e n c e s  i n  

r e s id u a l  v a r ia n c e s , they  found t h a t  th e  L o g is t ic  fu n c t io n  gave th e  b e st 

f i t .  A lso, the  c o e f f i c i e n t s  o f  v a r i a t io n  o f A, t»  (age a t  p o in t o f
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i n f l e c t i o n )  and k , e s tim a te d  from th e  L o g is t ic  fu n c t io n  were s m a lle r  

th a n  th o s e  c a lc u la te d  from th e  o th e r  two fu n c t io n s .  However, th e  

accu racy  o f f i t  f o r  th e s e  t h r e e  f u n c t i o n s  h a d  no e f f e c t  on  th e  

co n c lu s io n s  abou t th e  d i f f e r e n c e s  w ith in  and between th e  th r e e  l i n e s  o f  

mice s tu d ie d . Brown e t  a l ,  (1 976), u s in g  d a ta  from b eef c a t t l e ,  made a 

com parison  o f  f iv e  n o n - l in e a r  m odels (Brody, B e r ta la n f fy , Gcmpertz, 

G e n e r a l i z e d  L o g i s t i c ,  a n d  R i c h a r d s ) .  The f i r s t  t h r e e  a r e  

t h r e e - p a r a m e t e r  f u n c t i o n s  w ith  f i x e d  i n f l e c t i o n  p o i n t s .  The 

G en era lized  L o g is t ic  h a s  a  v a r ia b le  p o in t o f i n f l e c t i o n  and R ich ard s  i s  

a  fo u r  p a ram ete rs  fu n c tio n  w ith  a  v a r ia b le  p o in t o f  i n f l e c t i o n .  They 

concluded th a t  th e  R ich a rd s ' fu n c tio n  gave a more a c c u ra te  f i t ,  b u t was 

co m p u ta tio n a lly  more d i f f i c u l t  th an  th e  o th e r s .  R ic h a rd s ' model, due 

to  i t s  v a r ia b le  p o in t o f i n f l e c t i o n ,  was m ost a p p ro p r ia te  f o r  f i t t i n g  

c a t t l e  w e ig h t-ag e  d a ta  p r io r  to  10 months o f  age. B ro d y 's  model gave 

r e s u l t s  s im ila r  to  th a t  o f  R ich ard s  f o r  w e ig h t-ag e  d a ta  p a s t  s ix  months 

and had th e  added advantage o f be ing  co m p u ta tio n a lly  e a s ie r .

However, th e  a u th o rs  c i t e d  above d id  n o t f i n d  a  n e a r - p e r f e c t  

c o r r e l a t i o n  be tw een  th e  v a lu e s  r e p r e s e n t i n g  th e  same p a ram ete rs  

e s tim a te d  from the  d i f f e r e n t  m odels. They e v a lu a te d  th e  goodness o f 

f i t  v i s u a l ly ,  p r e f e r r in g  t h i s  approach  to  th e  u su a l t e s t  o f  goodness 

based on r e s id u a l  v a r ia n c e s . T h is was due to  th e  im p l i c i t  in a cc u ra c y  

ex p ec ted  from th e  c o r r e la te d  e r r o r s  (dependency) among th e  lo n g i tu d in a l  

growth d a ta . The same l im i t a t i o n  was a ls o  i n d i c a t e d  by F i tz h u g h  

(1 9 7 6 ). These a u th o rs  concluded th a t  th e  s e le c t io n  o f  any one o f th e  

m odels would depend upon th e  n a tu re  o f  th e  s tudy  to  be perform ed, a s  

w e ll a s ,  th e  in te n d e d  a p p l ic a t io n  o f  th e  r e s u l t s .
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Timon and E iaen  (1969) observed  i n  mice d a ta  th a t  th e  f i t  o f  th e  

R ichards and th e  L o g is t ic  fu n c tio n s  were very  s im i la r .  However, th e  

asy m p to tic  w eigh t was u n d e re s tim a ted , m ainly by th e  L o g is t ic  fu n c tio n . 

Both fu n c tio n s  gave a  mean p o in t o f  i n f l e c t i o n  a t  n e a r ly  h a l f  th e  

asy m p to tic  w e ig h t (A /2 ) , which i s  c o n tra d ic to ry  to  th e  v iew s o f  Brody 

(1945) and T ay lo r (1965). G reat d i f f e r e n c e s  were observed  between th e  

k v a lu e s  o b ta in e d  from  each  o f  th e s e  f u n c t i o n s .  The g e n e t i c  

c o r r e la t io n  was z e ro  which su g g es ted  t h a t  th e  two e s t i m a t e s  o f  k 

re p re s e n te d  d i f f e r e n t  t r a i t s  by th e  two fu n c t io n s .  That o b se rv a tio n  

c o n tra s te d  m arkedly w ith  th e  v e ry  h ig h  g e n e tic  c o r r e la t io n s  between the 

o th e r  d e riv e d  growth p a ram e te rs . Another im p o rtan t f in d in g  was th e  

very  c lo se  r e l a t io n s h ip  between th e  R ic h a r d s ' k an d  m p a ra m e te r s  

( r g=.91 and r p= .9 5 ) .  The m param ete r i s  c a l le d  th e  shape p aram ete r, 

re p re s e n t in g  a  p o in t i n  the  cu rve  where i n f l e c t i o n  ta k e s  p la c e  which i s  

ex p ressed  a s  a  r e l a t i v e  m easure to  th e  l i m i t  o f  th e  cu rv e .

DeNise and B rinks (1985) compared the  goodness o f  f i t  o f  B ro d y 's  

and R ic h a rd s ' fu n c tio n s  u s in g  d a ta  from beef c a t t l e .  They concluded 

th a t  R ic h a rd s ' fu n c t io n  had sm a lle r  r e s id u a l  v a r ia n c e  and a  b e t t e r  f i t

to  th e  a c tu a l  d a ta  p o in ts ,  however, B ro d y 's  curve was f a s t e r  and l e s s  

c o s t ly  to  compute.

P itz h u g h  and T ay lo r (1971) developed  a  g e n e ra l method f o r  th e  

a n a ly s is  o f g e n e tic  r e l a t io n s h ip s  in v o lv in g  m a tu r ity  r a t e ,  s i z e ,  and 

growth r a t e  w ith  o th e r  t r a i t s  in v o lv in g  d eg ree  o f m a tu r i ty . They used 

a  sim ple two-component, e q u a t io n - f re e  model where th e  two components 

a re s  ( I )  m ature s iz e  (A ), and (2) p ro p o r tio n  o f  m ature s iz e  reach ed  a t  

a  s p e c i f i c  s ta g e  o f grow th (u ) .  The F itzhugh  and T ay lo r m odel, used
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f o r  a n a ly z in g  g e n e tic  r e la t io n s h ip s  among m a tu r in g  r a t e ,  s i z e  and  

growth r a t e ,  i s :

* t  -  ^ t* ,

w here,

Yt = s iz e  a t  age t  (e x p re ssed  a s  a fu n c t io n  o f  deg ree  o f 
m a tu r ity  u and m ature s iz e  A),

u s p ro p o r tio n  o f  m ature s iz e  A a t t a in e d  a t  a  g iv en  
s ta g e  or age t ,

and,

Ufc = YfcZA.

The growth s t a t i s t i c s  d e r iv e d  o r  approxim ated  by F i tz h u g h  and  

T aylor (1971) a r e :  ( I )  A bso lu te  M aturing B ate (AMR), d e f in e d  a s  th e  

p ro p o r tio n a l ch ange  i n  th e  d e g re e  o f  m a t u r i t y  p e r  u n i t  o f  tim e  

ex p re ssed  a s  p e rcen tag e  i n  a  g iv en  i n t e r v a l :  AMR = d u /d t .  AMR i s  a 

consequence o f th e  m a tu rin g  r a t e  o r change i n  u over tim e f o r  the  

t r a i t ,  and can a ls o  be ex p re ssed  a s :

AMR = 1/A (dY /d t) = 1/A (Yfc2 _ Yfc1) / ( t 2 -  t , ) .

(2 ) A bso lu te  Growth R ate  (AGR) i s  th e  change  p e r  u n i t  o f  t im e ,  

ex p re ssed  i n  k ilog ram s and commonly r e f e r r e d  a s  av erage  d a ily  g a in :

AGR = dY /dt = (Yfc2 -  Yfc1) / ( t 2 - I 1) ,

(3 )  R e la tiv e  Growth Rate (RGB) r e f e r s  to  the  change i n  th e  p ro p o r tio n  

o f  s iz e  p e r u n i t  o f  tim e i n  a  g iv en  i n t e r v a l ,  o r p e rcen tag e  o f s i z e  

a t t a in e d  per u n i t  o f tim e i n  a  g iv en  in t e r v a l  : RGR = l / i  d Y /d t. May

a ls o  be re g a rd ed  a s  A bso lu te  Growth R ate (AGR) r e l a t i v e  to  s i z e  over 

the  p e r io d  o f i n t e r e s t :

RGR = [(Yfc2 -  Yfc1) / ( t 2 -  t , ) ]  (V Y fc2) .
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S to b a r t  (1983) makes a  c le a r  I n t e r p r e t a t i o n  o f  th re e  b io lo g ic a l ly  

Im p o r ta n t g ro w th  s t a t i s t i c s  d e r iv e d  from  t h a t  m o d e l, and  t h e i r  

a p p l ic a t io n  i n  th e  a n a ly s is  o f  growth and c o r r e la te d  re sp o n se s  on ewe 

p ro d u c t iv i ty ,  He s t a t e s  th a t ,  "The m ajor ad v an tag es  o f  F ltzhugh  and 

T ay lo r (1971) method over th e  f i t t i n g  o f  growth cu rv es  i s  t h a t  th e  r a t e  

o f m atu rin g  i s  n o t fo rc e d  to  rem ain  c o n s ta n t over tim e ; b u t r a th e r  both 

g e n e tic  and env ironm en ta l v a r i a b i l i t y  in  m a tu rin g  r a t e  can be a s s e s s e d  

f o r  any age in t e r v a l ,  and degree o f m a tu r ity  can be e s tim a te d  from 

few er and l e s s  un ifo rm ly  spaced m easurem ents th a n  re q u ire d  f o r  f i t t i n g  

o f growth c u rv e s ."

S.snstls3_0f growth param ete r s  and t h e i r  r e la t io n s h ip  to  nroduntlvm  
t r a i t s .

There a re  no p u b lish ed  s tu d ie s  f o r  sheep a s s e s s in g  th e  r e l a t i o n  

between e s tim a te d  v a lu e s  o f  th e  g ro w th  p a r a m e te r s ;  A and k , and  

s u b s e q u e n t  p r o d u c t iv e  p e r fo rm a n c e s .  T here a r e ,  however, s tu d ie s  

re g a rd in g  th e  a p p l ic a t io n  o f th e  growth s t a t i s t i c s  d e r iv e d  from the  

e q u a t io n  f r e e  m odel o f  F itz h u g h  and T ay lo r (1971) and p ro d u c tiv e  

perform ance i n  ewes ( S to b a r t ,  1983; S to b a r t ,  1985). S to b a rV s  d a ta  

in c lu d e d  a p o r t io n  o f  th a t  used i n  th e  p re se n t s tu d y , He found t h a t  

an im als  more m ature a t  any s ta g e  o f grow th w ere more m ature  a t  l a t e r  

s ta g e s  o f  grow th, and a ls o  l i g h t e r  a t  m a tu r i ty . The f a s t e r  m a tu rin g  

an im als  w eighed more th an  the  o th e rs  up to  12 mo o f ag e . There was no 

g e n e ra l constancy  in  th e  growth r a t e s  up to  m a tu r i ty .  Animals growing

f a s t e r  i n  a  g iven  tim e in t e r v a l  ten d ed  to  grow s lo w er i n  th e  i n t e r v a l  

im m ediately fo llo w in g .

S e v e ra l  h e r i t a b i l i t y  e s tim a te s  re p o r te d  i n  th e  l i t e r a t u r e  a re  

p re se n te d  f o r  th e  growth p aram ete rs  k , m, A and V  ( th e  age a t  th e
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i n f l e c t i o n  p o in t)  (T ab le  2) and the  growth s t a t i s t i c s  d e riv e d  from th e  

a p p l ic a t io n  o f  th e  f r e e -e q u a t io n  model o f F itzhugh  and T ay lo r (1971) 

(T ab le  3 ) .

TABLE 2 . HEBITABILITY ESTIMATES FOR GROWTH CURVE PARAMETERS

Source Modela  Methodb S p ec ie s Age

-
E s tim a te s

k A t ' ■ m

E isen  e t L FS Mice B-54d .50 .47 .80
a l.(1 9 6 9 ) G B-54d .74 .40 .75

Be B-54d .81 .51 .85
Timon & R FS Mice 5-98d •30±,1 .66i>2 1.17±,1 .53± ,2
E isen L 5-98d .76± ,2 .76± ,2 I .32± ,2
(1969)

Brown e t - B PHS C a t t le B-109mo • 33±>2 -34±,2 •
a l . (1972) B-109mo .75± ,3 .21± ,2

DeNise & B PHS C a t t le B -4yr .20± ,3 .44± ,3B rinks
(1985)

R B -4yr .32± ,3 .44± ,3 .21+ .3

J  B=Brody, L = L o g is tic , G=Gcmpertz, B e= B erta lan ffy , R=Richards. 
E s tim a tio n  m ethod: FS=F u l l - s i b s, PHS=Paternal h a l f - s i b s.

G r e a t  v a r i a t i o n  e x i s t e d  among th e  h e r i t a b i l i t y  e s t i m a t e s .  

D iffe re n c es  due to  s p e c ie s ,  b reed  and env ironm en ta l c o n d itio n s  could be 

re a so n s  fo r  th a t  v a r i a b i l i t y .  The d i f f e r e n t  m ethodo log ies a p p lie d  i n  

the  e s t im a tio n  of th e  h e r l L a b i l i t i e s  a r e  a lso  p o s s ib le  f a c t o r s .  Bie 

e s tim a te d  h e r i t a b i l i t i e s  f o r  a l l  th e  cu rve  p a ram e te rs , a s  w e ll a s  th e  

growth s t a t i s t i c s  ran g e  from in te rm e d ia te  t o  h ig h  v a lu e s , s u g g e s ts  th a t  

th e se  t r a i t s  a re  s u s c e p t ib le  to  change by s e le c t io n .

S to b a r t  (1983) found  th e  h i g h e s t  h e r i t a b i l i t y  e s t i m a t e s  f o r  

A bsolute M aturing R ate i n  th e  i n t e r v a l s  b i r th -1 2  mo, b i r th -1 8  mo, and 

w e a n in g -1 2 mo, ( .6 6 ± ..1 2 , .59±..12 and .64±_.12, r e s p e c t iv e ly ) .  H is 

h e r i t a b i l i t y  e s t im a te  f o r  AMR i n  th e  i n t e r v a l  12 -  18 mo was .3 2 .
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TABLE 3 . HERITABILITY ESTIMATES FOR GROWTH STATISTICS8

Source Methodb S p ec ies Age AGR

E s tim a te s

RGR AMR

F itzhugb PHS C a ttle P re n a ta l .38 .22
& T aylor B-6 mo .40 .27 .42
(1971) 6-12mo .45 .47 .46

12-18 mo .35 .24 .24
I 8-m ature .48 .42 .42

S n ith  e t PHS C a t t le B-200d .5 7 ± ,3 0 .671,31 .621,31
a l.(1 9 7 6 b ) 200-396d .4 2 ± ,3 0 - .0 7 1 ,2 5 .3 1 1 ,2 9

396-550d .691 ,31 .691,31 .4 4 i ,3 0
55 0 d -3 .3 3 y r .1 9 1 ,2 8 .19± ,28 •09±,27

S to b a r t PHS Sheep B-V .2 1 i,1 1 .2 8 i,1 1 .191,11
(1983) M 2m o .291 ,11 .5 0 i ,1 2 .6 6 i ,1 2

B-18mo .3 5 ± ,1 2 .4 4 i ,1 2 .5 9 1 ,1 2
W-12mo .5 2 t ,1 2 .4 8 i ,1 2 .6 4 i ,1 2
12-1 Smo .4 3 1 ,1 2 .3 9 1 ,1 2 .321,11

aA ll p ap ers  used F itzhugh  and T ay lo r (1971) m ethodology.
^ E stim a tio n  m ethod: PHS=Paternal h a l f - s i b s.

In  a d d i t io n  t o  th e  a p p l i c a t i o n  o f  t h i s  in f o r m a t io n  th ro u g h  

s e le c t io n  to  d i r e c t ly  change m a tu rin g  r a t e ,  m ature s iz e  and grow th, i t  

i s  d e s ir a b le  to  have knowledge o f th e  ex p ec ted  c o r r e la te d  re sp o n se  o f  

such s e le c t io n  i n  o th e r  t r a i t s  o f  b io lo g ic a l  and econom ical im portance , 

p a r t i c u l a r ly  re p ro d u c tiv e  perform ance. T a b le s  4 and  5 su m m a riz e s  

p u b lish e d  e s t im a te s  o f  g e n e tic  c o r r e la t io n s  among th e se  p a ram e te rs  and 

growth s t a t i s t i c s ,  r e s p e c t iv e ly ,  and t h e i r  c o r r e la t io n s  w ith  p ro d u c tiv e  

t r a i t s .

The r e s u l t s  i n  T a b le s  4 and  5 i n d i c a t e  a  n e g a t iv e  g e n e t i c  

r e l a t io n s h ip  between m atu re  s iz e  (A) and r a t e  o f m a tu rin g  ( k ) .  T h is 

r e l a t io n s h ip  has been h ig h l ig h te d  i n  o th e r  s tu d ie s .  T ay lo r and



TABLE 4 . GENETIC CORRELATIONS BETWEEN GROWTH PARAMETERS AND PRODUCTIVE TRAITS

Source Modela Methodb S p e c ie s  T r a i t  Age k

E s tim a te s  

A B m

E lsen  e t L FS Mice k B-54d - .5 0 ± ,5
a l .(1 9 6 9 ) AGR B-54d .55±>5 .54±>5

Timon A R FS Mice k . 5-98d - .2 9 ± ,3 .9 1±,0
E isen A 5-98d - .1 1 ± ,2
(1969) L k 5_98d -.34±>2

Brown e t B PHS C a t t le k B-109oo —. 62±_,3 • 98± j.2
a l . (1972) A B-109mo -.50±>4

DeNise e t B PHS C a t t le MPPAc B-TSmo .68± j,T - .2 8 ± ,5
a l . (1983) R B-TSmo I .3 2 ± J . -  .52±_, 6

DeNise A B PHS C a t t le k B -4yr -1 .1 6 ± 2 . .8 2 £ l .
.

B rinks A B -4yr -.84± ji5 ■■ '
(1985) R k B -4yr - .8 4 ± j . -•9T ±2 . 1 .10± ,3

A B -4yr • 31±..6 - .5 0 ± 1 .

'
B B-4yr - .9 8 ± 2 .

^Growth F u n c tio n s : B=Brody, R=Richards, L = L o g is tic .
"E s tim a tio n  m ethod: FS= F u l l - s i b s, PHS= P a te rn a l h a l f - s i bs. 
0Most P ro b ab le  P roducing  A b i l i ty  fo r  w e ig h t o f  c a l f  a t  w eaning.
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TABLE 5 . GENETIC CORRELATIONS BETWEEN GROWTH STATISTICS AND PRODUCTIVE 
TRAITSa

Source Methodb S p ec ies  T r a i t Age AGR

E s tim a te s

RGR AMR

Smith e t PHS C a t t le  Growth0 B-20Od - •5 9 ± j.5 - .3 4 ± ,4 -•3 5 * ,4
a l . ( 1976) r a t e 200-396d .80 ±»5 •94±,6

396-550d - . 1 1±#4 - .0 2 ± ,4 -  .0 6 t* 5
550 d -3 .3 3 y r .36± ,7 .63± ,7 .80 ±3.

S to b a r t PHS Sheep Average*1 B-W -.8 9 ± ,4 - .7 8 ± ,4 -•74±j,5
(1985) f le e c e W-12mo .63± ,2 .68±j,3 •64±,2

w eight 12-18mo •36±>3 -•31±>3 -•38±>3
B-12mo •09±,3 - .  18±j 3 •24*,2
B-ISmo •27±>3 .38± ,3 - .0 2 ± ,2

Average B-W • 19±>3 - .3 7 ± ,3 - .1 1 * ,3
number W-12mo — .06±#2 - .0 1  ± ,2 - .0 2 ± ,2
o f lambs 12-18mo •36±,2 -•32±#2 •40±j,3
born B-12mo -*22±j,3 - .2 6 ± ,2 -•07*^2

- B-ISmo .1 0 ± ,2 - . 1 8±j>2 .16± ,2

Average B-W -.3 0 ± ,7 - I •05±#9 - . 1 1±>7
number W-12mo .00± ,4 .06± ,5 •02±,4
o f 12—18mo .17± ,5 .04± ,5 .08± ,5
lambs B -I2mo - .20±>6 -.68±>6 -.02±j,4
weaned B -I8mo .00± ,5 - .7 7 ± ,7 •04±,4

Average B-V 1.11±2. - .9 7 ± 2 . 1 .07*2 .
w eight W-12mo - .0 5 ± ,7 -•1 7 t# 7 .01 ±,6
lambs 12—18mo •98±2. .4 7 ± J . .93*2 .
weaned B -I2mo • 59±J. -•83*3 e .44*^9

B-ISmo 1.32±2. -•7 7 * 3 . . 1 .77*2 .

^From a p p l ic a t io n  o f  F itzhugh  and T ay lo r (1971) method.
“E s tim a tio n  m ethod: PHSsP a te rn a l h a l f - a lb s .
C o rre la t io n s  a r e  between growth r a t e  a t  d i f f e r e n t  a g e - in te r v a l s  and 

the  growth s t a t i s t i c s  a t  p u b e rty .
C o r re la t io n s  between p ro d u c tiv e  t r a i t s  w ith  growth s t a t i s t i c s  a t  

d i f f e r e n t  a g e - in te r v a l s .
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F itzhugh  (1971) r e f e r s  to  th i s  c h a r a c t e r i s t i c  r e la t io n s h ip  a s  the  b a s ic  

d e te r m in a n t  i n  th e  shape o f th e  growth cu rve , in d ic a t in g  t h a t  th e  

g e n e tic  change i n  the  shape o f the  growth cu rve  w i l l  depend on i t s  

f l e x i b i l i t y  which i s  based on th e  degree of independence among s iz e ,  

r a t e  o f m atu rin g  and in f l e c t i o n  p a ram ete rs . For exam ple, they  found 

th a t  i n  H erefo rd  fem ales  78% o f  th e  a d d i t iv e  v a ria n c e  f o r  th e  tim e 

tak en  to  m ature was indep en d en t o f  m ature  w e ig h t.

There a re  two b a s ic a l ly  d i f f e r e n t  p a t te r n s  o f  growth acco rd in g  to  

Brown e t  a l .  (1 972) :  ( I )  the  an im als  have s im i la r  m ature  w e ig h ts  but

d i f f e r e n t  k v a lu e s , and (2) th e  an im als  have s im i la r  k v a lu e s  but

d i f f e r e n t  m ature w e ig h ts . In  both c a s e s , th e  v a r ia b le  which accoun ted  

f o r  th e  d if f e r e n c e s  i n  k o r  A i s  th e  le n g th  o f tim e r e q u ire d  to  a t t a i n  

m atu re  w e ig h t. The k v a lu e  i s  in d ic a t iv e  o f  d i f f e r e n c e s  i n  growth r a t e  

only  when two an im als  re a ch  s im i la r  m atu re  w e ig h ts . When th e  m ature  

w e ig h ts  a re  d i f f e r e n t ,  the  k v a lu e  m easures the  d i f f e r e n c e s  in  growth 

r a t e  r e l a t i v e  to  m ature  s iz e .

When th e  R ichards model was u sed , the  curve shape p aram ete r (m) 

showed a very  h igh  p o s i t iv e  g e n e tic  c o r r e la t io n  (> .90) w ith  th e  r a t e  

pa ram ete r (k) (Timon and B ise n , 1969; DeNise and B rin k s , 1985) .  T h is 

su g g e s ts  t h a t  many o f th e  genes which in f lu e n c e  th e  m a tu rin g  r a t e  (k )

a ls o  in f lu e n c e  the  shape o r  i n f l e c t i o n  p a ra m e te r  (m ). T hese  two

p aram ete rs  may r e f e r  to  th e  same u n d e rly in g  g e n e t ic  t r a i t ,  s i m i la r ly ,  

a h igh  c o r r e la t io n  e x i s t s  between k and t*  (age a t  i n f l e c t i o n  p o in t)  

when th e  L o g is t ic  model was a p p lie d  (E ise n  e t  a l . , 1969) .
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Assuming t h a t  k and m a re  in f lu e n c e d  p r im a r i ly  by th e  same genes, 

f o r  p r a c t ic a l  a p p l ic a t io n  i n  anim al b reed in g , the use of a s im p le r 

m odel ( i . e .  Brody) would be advan tageous. I t s  use would p e rm it a 

f a s t e r ,  more econom ical d e r iv a t io n  in f o r m a t io n  t h a t  i s  e a s i e r  to  

in t e r p r e t .

There a re  c ase s  i n  which th e  correspondence between th e  growth 

p aram eters  was n o t a s  c lo se  a s  ex p ec ted  when two d i f f e r e n t  m odels were 

a p p lie d  to  th e  same d a ta . The g e n e tic  c o r r e la t io n s  between th e  A, B 

and k growth p a ram ete rs  e s tim a te d  from  Brody and th o se  e s tim a te d  from 

R ichards by DeNise and B rinks (1985) a r e  a ty p ic a l  exam ple. However, 

i n  a n o th e r  p u b l i c a t i o n ,  ( Timon and  Bi s e n ,  1 9 6 9 ) , th e  g e n e t i c  

correspondence between th e  growth p a ram ete rs  A and k e s tim a te d  from 

R ichards and those  e s tim a te d  from th e  L o g is t ic  model were s im i la r .

A ll th e  p ro d u c tiv e  c h a ra c te r s  an aly zed  by S to b a r t  (1 9 8 5 ), excep t 

th e  a v e ra g e  num ber o f  lam bs b o rn , w ere  p o s i t i v e l y  c o r r e l a t e d  

g e n e t ic a l ly  w ith the  growth s t a t i s t i c s  AGR, RGR and AMR f o r  th e  12 -  18 

mo in t e r v a l .  Growth perform ance i n  th e  i n t e r v a l  12 t o  18 mo w as 

i n d i c a t i v e  o f  th e  e w e 's  g e n e t i c  p o t e n t i a l  f o r  lam b p r o d u c t io n ,  

in c lu d in g  w eigh t o f  lamb weaned. Growth perform ance between w eaning to  

12 mo was more h ig h ly  r e l a t e d  to  th e  g e n e tic  p o te n t i a l  fo r  wool p ro d u c tio n .
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MATERIALS AND METHODS

A nim als and E n v ironm ental CondiM nna

The d a ta  f o r  t h i s  s tudy  came from th e  l i f e t im e  re c o rd s  o f  815 

pu reb red  R am boulllet ,  Columbia and Targhee ewes. The sheep w ere r a is e d  

by th e  Montana A g r ic u ltu ra l  E xperim ental S ta t io n ,  Red B lu ff  Research 

Ranch, N o rr is , Montana, between I960 and 1981.

The Red B lu ff  Research Ranch, lo c a te d  a lo n g  th e  West s id e  o f  th e  

Madison r i v e r ,  c o n ta in s  ap p ro x im a te ly  5 ,000 h a , which a r e  m ostly  range  

w ith  some meadows. The e le v a t io n s  ex ten d  from 1,402 to  1,890 m. The 

annual average p r e c ip i t a t i o n  i s  47 cm, and th e  average tem p e ra tu re  i s  

a ro u n d  8 C w ith  maximum average o f approx im ate ly  21 C ( J u ly )  and 

minimum o f  -5  C (December). The up land  zone i s  composed o f buncbgrass 

type v e g e ta t io n  and w ith  b lue bunch w h ea tg rass  (Azroovrum so l o a t,m, I a s

the  dominant s p e c ie s .  The n o rth  s lo p e s  a re  c h a ra c te r iz e d  by sane a re a s  

o f brush and t r e e s .  '

The an im als  w ere managed and herded  on th e  ran g e  a re a s  o f  th e  

ex p erim en ta l s t a t i o n  and on th e  h ig h  m ountain  n a t io n a l  F o re s t  S e rv ic e  

a llo tm e n ts . They were g a th e red  and brought to  th e  s t a t i o n  h e a d q u a r te rs  

on ly  d u rin g  b reed in g , lam bing, sh e a r in g  and d a ta  c o l le c t io n  tim e s . The 

ew es w ere  p e n -m a ted  i n  s i n g l e - s i r e  g ro u p s  o f  20 to  40 each f o r  

ap p ro x im a te ly  20 d i n  November and December and th en  re tu rn e d  to  th e

range and mass m ated to  b la ck fac e  ram s f o r  15 d . T h e ir  lam bs w ere born 

i n  A p ril and May.

D u rin g  th e  b re e d in g  sea so n , mixed g ra s s  and a l f a l f a  hay were 

s u p p lie d  f r e e  cho ice  and a t  o th e r  tim es d u rin g  th e  w in te r  on ly  when the
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snow cover was too  deep f o r  g ra z in g . At the  end o f th e  b reed in g  sea so n , 

th e  ewes were herded  to g e th e r  on th e  range u n t i l  th e  s t a r t  o f  th e  

lam bing season . S h o r tly  a f t e r  p a r tu r i t i o n ,  ewes and lam bs were p laced  

in  1 .3  m2 lam bing pens f o r  24 h or m ore. A ll th e  lambs w ere e a r - ta g g e d  

and t h e i r  w e ig h ts  reco rd ed  w ith in  th a t  i n t e r v a l .  Then, th e  ewe and h e r 

o f f s p r in g  w ere moved to  sm all pens, w ith  c a p a c ity  fo r  app ro x im ate ly  8 

dams and t h e i r  lam bs, and m a in ta in ed  th e re  f o r  2 to  3 days.

The la n b s  w ere weaned i n  th e  f a l l  a t  an  average  age o f 128 d,

w in te re d  on th e  ra n c h , and fe e d  .23 kg o f p ro te in  supplem ent p e r day. 

D ata.

Table 6 p re s e n ts  th e  number and d i s t r i b u t io n  o f  th e  ewes t h a t  

p rov ided  d a ta  f o r  the  s tu d y .

DISTRIBUTION OF THE EMES BY BREED, AGE PRODUCTION GROUP AND

Breed Group Year o f b i r t h  ■
number o f ----------------------------------------- ---- -----
re c o rd s  60 61 62 63 64 65 66 67 68 69 70 72 73 75 76 T o ta l

R am bouillet 3
4
5

Targhee 3
4
5

Columbia 3
4
5

9 4 11 I 3 6 11
7 7 1 1 6  1 8  3

12 12 5 13 12 20 13 17

4 I 3 6  2 10 6 6
6 3 3 6 4 4 4 3  

17 10 15 15 27 30 21 16

5 4 2 4 7 6 6
1 3 5 1 2 2 2

13 7 13 14 9 4 9

55 56 52 62 73 83 70 73

2 16 3 3 2 3 74
4 4 21 I 64

15 13 10 15 7 164

6 6 3 12 5 2 2 74
5 2 3 I I 2 47

10 14 19 12 3 8 217

5 5 5 3 2 54
2 3 21

8 10 5 I 7 100

42 68 66 51 30 29 5 i i ?
T o ta l



28

Only ewes h a v in g  a t  l e a s t  t h r e e  c o n s e c u t iv e  y e a r s  o f  lamb 

p ro d u c tio n , fo u r y e a r s  I n  th e  case o f wool p ro d u c tio n , were in c lu d e d  i n  

the s tu d y . The normal c u l l in g  age f o r  ewes was done a f t e r  th e  5 y r  o f 

p ro d u c tio n , th u s  th e  maximum age f o r  ewes i n  t h i s  s tu d y  was 6 y r .

Ewes th a t  p rov ided  d a ta  f o r  the  s tudy  were c l a s s i f i e d  a cc o rd in g  to  

w hether they  had a  t o t a l  o f th r e e ,  fo u r or f iv e  cum ulated re p ro d u c tiv e  

re c o rd s  in  o rd e r to  study  th e  l e v e l  o f  p e rfo rm a n c e  o f  ew es t h a t  

re m a in e d  i n  th e  f lo c k  f o r  th e se  d i f f e r e n t  p e rio d s  o f  tim e . T h is 

c l a s s i f i c a t i o n  i s  r e f e r r e d  to  a s  "group" i n  the  t h e s i s .  Only d a ta  from 

th e  ewes which l e f t  th e  f lo c k  w ere co n sid e red  f o r  s tu d y . For example, 

f o r  R am bouille t ewes born i n  I960 , 9 l e f t  th e  f lo c k  a f t e r  3 r e c o rd s ,  7 

a f t e r  4 rec o rd s  and 12 a f t e r  5 re c o rd s .

V a ria b le s  were c a lc u la te d  to  e v a lu a te  the  c u m u la t iv e  l i f e t i m e  

producing  a b i l i t y  o f each ewe. These new v a r ia b le s  w ere; Average t o t a l  

number o f  lambs born (ATLB), Average t o t a l  number o f  lam b s w eaned 

(ATLW), Average t o t a l  w e ig h t o f  lambs weaned (ATWW) and Average t o t a l  

w eigh t o f g re a se  f le e c e  produced (ATFP).

A minimum o f seven  body w eigh ts  w ere re q u ire d  f o r  ewes w ith  th re e  

cum ulative p ro d u c tio n  re c o rd s . The o th e r  ewes w ith  f o u r  and  f i v e  

cum ulative  p ro d u c tio n  re c o rd s  had e ig h t  and n in e  w e ig h ts , r e s p e c t iv e ly .  

The w e ig h ts  w ere reco rd ed  a t  b i r t h ,  w eaning and 12 mo d u rin g  th e  f i r s t  

y e a r , then  i n  th e  f a l l  fo r  th e  subsequen t y e a r s .  The co rresp o n d in g  

ag es  w ere reco rd ed  i n  m onths.

These w e ig h t-ag e  re c o rd s  f o r  each ewe w ere an aly zed  to  e s tim a te  

the  p a ram ete rs  o f  B ro d y 's  (1927a) n o n - l in e a r  grow th model by u s in g  a  

m icrocom puter program w r i t t e n  s p e c i f i c a l l y  fo r  t h i s  s tu d y  (S . Kachman,
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p erso n a l com m unication). Those a n a ly se s  p rov ided  e s t im a te s  o f  A, k and 

B fo r  each ewe from which growth cu rv es  fo r  each b reed  and group w ere 

d e riv e d . The param ete r v a lu e s  f o r  A and k w ere added to  th e  s e t  o f 

v a r i a b l e s  ( t r a i t s ) .  The B p a ra m e te r  w h ich  i s  a  c o n s ta n t  o f  

in te g r a t io n ,  hav in g  no b io lo g ic a l  im portance , was n o t in c lu d e d .

A new v a r ia b le  c a l le d  Lanb P ro d u c tio n  E f f ic ie n c y  Index  (E I) was 

c a lc u la te d  from the  cum ula tive  l i t t e r  w eigh t a t  w eaning and th e  ew e's  

m ature w e ig h t. T his in d e x  e x p re s s e s  average  annual Ian b  p ro d u c tio n  a s  

a  p ro p o r tio n  (* )  o f m ature  w eigh t (A).

Ew e's average annual l i f e t im e  lamb p ro d u c tio n , kg
E I = — ------------------------------------------------------------  100

Ew e's m atu re  w e ig h t, kg

Growth s t a t i s t i c s  ( t r a i t s )  proposed by F itzhugh  and T ay lo r (1971) 

(AGR, HGR and AMR) were c a lc u la te d  f o r  each ewe. Jfe tu re  w e ig h t (A) 

o b ta in e d  from B ro d y 's  model was used to  d e r iv e  AMR. These g ro w th  

s t a t i s t i c s  ( t r a i t s )  were c a lc u la te d  f o r  f iv e  a g e - in te r v a l s :  ( I )  B ir th  

to  weaning (B-W), (2 ) Weaning to  y e a r l in g  age (W -12), (3 )  Y earlin g  to  

18 months (1 2 -1 8 ) , (4 ) B ir th  to  y e a r l in g  age (B -12 ), and (5 ) B ir th  to  

18 months (B -18 ). These same i n t e r v a l s  were s tu d ie d  by S to b a r t  (1983). 

Table 7 shows th e  ta b u la t io n  o f  a l l  t r a i t s  s tu d ie d ,  t h e i r  d e s c r ip t io n  

and u n i t s  o f  m easurem ent.

S t a t i s t i c a l  .

Maximum, minimum, av erag e , s ta n d a rd  d e v ia t io n  and c o e f f ic ie n t  o f  

v a r i a t io n  were c a lc u la te d  f o r  each t r a i t  by b reed -g roup  s u b c la s s .  In  

a d d it io n , th e  cum ula tive  annual average o f ATLB, ATLW and ATWW, fo r  

f i r s t ,  f i r s t  two, f i r s t  th r e e ,  f i r s t  fo u r  and f i r s t  f i v e  re p ro d u c tiv e



TABLE 7 .

30

EWES* PRODUCTIVE AND GROWTH TRAITS ANALYZED IN THE STUDY

T ra it
symbol

D e sc r ip tio n  of the  t r a i t U n its

ATLB Average o f th e  t o t a l  number o f  lambs born  to  
th e  ewe per y e a r

n

ATLW Average o f th e  t o t a l  number o f lambs weaned 
by th e  ewe p e r  y ea r

n

ATWW Average o f th e  t o t a l  w eigh t o f  la n b s  weaned 
by th e  ewe p e r  y e a r kg

ATFP Average o f th e  g rea se  f le e c e  w e ig h t produced 
by th e  ewe p e r  y e a r

kg

A A sym ptotic w eigh t (m atu re) o f  th e  ewe d e riv e d  
from  B ro d y 's  growth eq u a tio n  (m odel)

kg

k M aturing  r a t e  c o e f f i c i e n t ,  o r r a t e  o f  d e c lin e  
In  growth a s  the  a sy m p to tic  w eigh t (A) i s  
approached, d e riv e d  from B ro d y 's  model

%/mo

EI Lamb P ro d u ctio n  E f f ic ie n c y  In d ex , th e  r a t i o  o f  
ATWW d iv id e d  by (A) e x p re ssed  a s  kg/kg  x 100

%

AGRa A bsolute Growth R ate, body w eight g a in s  f o r  
s p e c i f ie d  i n t e r v a l s  from b i r th  to  18 mo

kg/mo

RGRa R e la tiv e  Growth R ate, body w eight g a in s  f o r  
s p e c i f ie d  i n t e r v a l s  from b i r th  to  18 mo r e l a t i v e  
to  f i n a l  w eigh t f o r  th e  s p e c i f ie d  i n t e r v a l

%/mo

AMRa A bsolute M aturing R ate , body w eight g a in s  f o r  
a  s p e c i f ie d  i n te r v a l  from b i r th  to  18 mo r e l a t i v e  
to  m atu re  w e ig h t: AGR d iv id e d  by (A)

%/mo

a

<( E 5£ H ^
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re c o rd s  a s  th e  ewes p ro g ressed  through t h e i r  l i f e t im e  p ro d u c tio n . In  

th e  case of wool p ro d u c tio n  (ATFP), th e  co rre sp o n d in g  number o f rec o rd s  

w ere f i r s t  two, f i r s t  th r e e ,  f i r s t  f o u r ,  f i r s t  f iv e  and f i r s t  s ix  

re c o rd s . The DNIVAHIATE p ro ced u re  from SAS (1986) was a p p lie d  i n  th e se  

a n a ly se s .

Breeds and groups w ere compared on th e  b a s is  o f  a l l  t r a i t s  l i s t e d  

i n  Table 7 and f o r  t h e i r  f i r s t ,  f i r s t  two and f i r s t  th re e  cum ulative  

re p ro d u c tiv e  re c o rd s  f o r  ATLB, ATLW, ATWV and ATFP. S im ila r ly , a  

f i n a l  com parison was made o f th e  g roups w ith  fo u r  and f iv e  cum ula tive  

re p ro d u c tiv e  re c o rd s . L east sq u a res  method (H arvey, 1977) was used  to  

perform  th e se  a n a ly se s  u s in g  a model (model A) which in c lu d e d  y e a r o f 

b i r th  o f th e  ewe, b reed  o f  th e  ewe (B ), group o f  th e  ewe (G ), B x G  

in te r a c t io n ,  age o f dam i n  y e a r s ,  type o f b i r t h - r e a r in g  o f th e  ewe, day 

o f b i r t h  ( c o v a r ia te )  and r e s id u a l  a s  so u rc e s  o f  v a r i a t io n .  A lso, th e  

growth s t a t i s t i c s  (A, k, AGR, RGB, and AMR) d e riv e d  from the  com plete 

in fo rm a tio n  o f  reco rd ed  w e ig h ts  w ere an a ly zed  u s in g  model A. Ewes born  

a s  t r i p l e t s  a s  w e ll a s  th e  o n ly  one o b s e rv a tio n  i n  1976 f o r  Columbias 

( t o t a l  o f 11) were n o t in c lu d e d . A lso, th e  a n a ly se s  in v o lv in g  th e  

growth p aram ete rs  and growth s t a t i s t i c s ,  a s  w e ll a s  E l , d id  n o t 

in c lu d e d  a  Columbia ewe which had a  k v a lu e  more th a n  3 s ta n d a rd  

d e v ia t io n s  from th e  mean. That ewe was n o t in v o lv e d  i n  a l l  the  

subsequen t g e n e tic  and p h en o ty p ic  a n a ly s e s .

E s tim a tio n  o f  g e n e t ic  and p h e n o ty p ic  v a r ia n c e  and  co v aM annm
-

components. L e a s t-sq u a re s  a n a ly se s  (H arvey, 1977), u s in g  a  mixed 

model, were perform ed f o r  a l l  t r a i t s  l i s t e d  i n  T ab le  7 .  A nalyses w ere 

made f o r  each breed  s e p a r a te ly  (model B) and f o r  the  combined d a ta  s e t



(model C)e The e lem en ts  o f model B (so u rc e s  o f  v a r ia t io n )  w ere b i r t h  

year o f th e  ewe, s i r e  o f th e  ewe w ith in  b i r t h  y e a r ,  type o f 

b i r t h - r e a r in g  o f th e  ewe, day of b i r t h ,  age o f dan i n  y e a r s  and an 

e r r o r  term ( r e s i d u a l ) .  Model C in c lu d e d  a s  so u rc e s  o f  v a r i a t io n  b i r th  

y e a r -b re e d  o f th e  ewe, s i r e  o f  th e  ewe w ith in  b i r t h  y e a r -b re e d , type o f 

b i r t h - r e a r in g  o f  th e  ewe, day o f b i r t h ,  age o f dam and an  e r r o r  term 

( r e s id u a l ) .  For bo th  m odels, s i r e s  and th e  r e s id u a l  e lem en ts  were 

co n sid e red  random v a r ia b le s  and a l l  o th e r  e lem en ts  f ix e d .  V ariance and 

co v ariance  components among and w ith in  s i r e s  were d e riv e d  from th e se  

a n a ly se s . The d i s t r i b u t io n  o f  s i r e s  and t h e i r  o f f s p r in g  p e r  y e a r  i s  

shown i n  Table 8.

H e r l t a b i l l t l e s  o f  th e  t r a i t s  s tu d ie d , and th e  g e n e t ic ,  p h eno typ ic  

and env ironm en ta l c o r r e la t io n s  among them were p ro v id ed  d i r e c t l y  by the  

Harvey (1977) a n a ly se s  o f  m odels B and C. The fo rm u las  f o r  c a lc u la t in g  

th e se  e s t im a te s  a s  w e ll a s  the  s ta n d a rd  e r r o r s  f o r  h e r ! t a b l l i t i e s  and 

g e n e tic  c o r r e la t io n s  a r e  p re se n te d  i n  appendix  A o f  th e  Harvey (1977) 

U s e r 's  g u id e  f o r  LSML76.

TABLE 8 . DISTRIBUTION OF SIRES (S) AND OFFSPRING (o ) PER BREED AND 
YEAR

32

Breed ______________________Y ear
60 61 62 63 64 65 66 67 6ft 69 70 7? 73 7ft 76 T o ta l

R am bouille t S 10 3 7 6 6 3 7 7 6 8 7 7 12 7 I 97
O 28 23 17 15 21 21 27 31 21 33 24 13 17 10 I 302

Targhee S 7 4 6 6 5 7 7 8 7 7 8 8 5 5 3 93O 27 14 21 27 33 44 31 25 21 22 25 25 9 10 4 338

Columbia S 6 7 5 6 8 6 8 6 4 3 3 4 66
O 19 14 20 19 18 12 17 13 17 13 4 9 175

T o ta l S 17 13 20 17 17 18 20 23 13 21 19 18 20 16 4 256O 55 56 52 62 73 83 70 73 42 68 66 51 30 29 5 815
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S e l e c t i o n  I n d e x e s . S e l e c t i o n  In d e x e s  were d e riv e d  from th e  

g e n e tic  and phen o ty p ic  p a ram e te rs  e s tim a te d  from th e  pooled  a n a ly s e s  In  

t h i s  study  u s in g  th e  methods p re sen te d  by F a lco n er (1981). The t r a i t s  

f o r  w hich  s e l e c t i o n  in d ex es  were computed w ere ATWV, E l, ATWW+E l, 

ATWWtATFP, ATFP+EI and  ATWW+ATFP+EI, u s in g  v a r io u s  g ro w th  t r a i t  

com binations a s  p r e d ic t iv e  e lem en ts i n  th e  in d e x e s .

Summary o f  th e  s te p s  fo llo w ed  f o r  handl i n g  and a n a l y s i s  of* d a t a .

F ig u re  2 shows th e  flow c h a r t  o f  a l l  th e  s t e p s  f o l lo w e d  i n  

h a n d lin g  th e  d a ta , c a lc u la t io n  o f  th e  new v a r ia b le s  and th e  ty p e s  o f  

a n a ly se s  employed.
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RESULTS AND DISCUSSION

D escrip tiv e  s t a t i s t i c s  f o r  a l l  t r a i t s  by b reed  and group  a re  

p re sen ted  in  Appendix Tables 22 through 44 . These ta b le s  show the 

number o f r e c o r d s ,  a v e ra g e , s ta n d a rd  d e v ia t io n ,  c o e f f i c i e n t  o f 

v a r i a t i o n  and ran g e  v a lu es  fo r  each t r a i t  w ith in  each breed-group 

s u b c la s s .  These d a ta  a re  c o n s id e re d  u s e f u l  f o r  o b t a i n i n g  an 

u n d e rs ta n d in g  o f  th e  g e n e ra l  l e v e l  o f  m e r i t  i n  each t r a i t ,  the  

m agnitude o f th e  a b s o lu te  v a r i a t i o n  and th e  r e l a t i v e  v a r i a t i o n  

( c o e f f ic ie n ts  o f  v a r ia t io n )  encountered  i n  each da ta  s e t .  S p e c if ic  

comparisons among b reeds, groups or o th e r  f a c to r s  a re  o b ta in ed  from the 

more complex an a ly ses  o f models A, B, and C.

High c o e f f ic ie n ts  o f v a r i a b i l i ty  were observed i n  th e  re p ro d u c tiv e  

t r a i t s .  This was due to  th e  f a c t  th a t  z e ro  v a lu es  were in c lu d ed  a s

re c o rd s  fo r  the  ewes th a t  f a i l e d  to  g ive b i r th  to  o r  wean o ff sp r in g  

any y ear.

Breed and group d i f f e r e nces  f o r  t h A  DrorinnHv*

The fo u r p roductive  t r a i t s ,  ATLBt ATLV, ATVW and ATFP, w ere 

analyzed u s in g  model A. This was done fo r  the  average o f a l l  reco rd s  

( l i f e t im e  p ro d u c tio n ), and the  average of the cum ulative p roduction  

through the  f i r s t ,  second, th i r d  and fo u r th  re c o rd s . These r e s u l t s  a re  

p resen ted  from Table 9 to  13, re s p e c tiv e ly .

U f r t U s  B-BItinMmi. Table 9 p re se n ts  th e  mean squares and 

le a s t- s q u a re s  means fo r  th e  fo u r  p ro d uctive  t r a i t s .  The e f f e c t s  o f  

breed and groups were h ig h ly  s ig n i f ic a n t  f o r  a l l  th e  t r a i t s  w ith  

ex cep tio n  o f breeds fo r  ITLB (P < .0 5 ). The I n te r a c t io n  between breed 

and group was g e n e ra lly  unim portant ex cep t fo r  ITLW and ATWW (P < .05).



Targhees were s u p e r io r  to  Columblas f o r  ATLB and ATLW. For ATLB1 

R am bou ille ts  d id  n o t d i f f e r  from Targhees and Columbia s , and f o r  ATLW, 

Targhees and R am b o u ille ts  had s im ila r  perform ances# The l e a s t  sq u a res  

means fo r  ATLB were 1 .3 8 , 1 .43 and 1 .3 3 , and f o r  ATLW 1 .1 4 , 1 .22 and 

I .0 5 , f o r  R am b o u ille ts , Targhees and Colum bias, r e s p e c t iv e ly .  Targbees 

were su p e r io r  i n  ATWW to  R am b o u ille ts  and Colum bias (4 8 .6 9 , 42 .39  and 

41.19 kg o f  lamb produced p e r  y e a r ,  r e s p e c t iv e ly ) .  Columbias had the  

h ig h e s t ATFP, w ith  Targhees b e ing  s u p e r io r  to  R am b o u ille ts  (4 .9 1 , 4 .7 3  

and 4 .4 5  kg, r e s p e c t iv e ly ) « The f i v e —re c o rd  g roup  was s u p e r i o r  to  

th r e e -  and fo u r - re c o rd  groups f o r  ATLB, ATLW and ATWW, w h ile  th e  th r e e -  

and fo u r - re c o rd  groups showed no d if f e r e n c e .  There was no d if f e r e n c e  

between th e  fo u r -  and f iv e - r e c o r d  groups f o r  ATFP, bu t th e  th re e - re c o rd  

group was i n f e r i o r  f o r  t h i s  t r a i t .

Fi rst record* Table 10 shows th e  mean sq u a re s  and l e a s t  sq u ares  

means f o r  th e  average p ro d u c tio n  f o r  th e  f i r s t  re c o rd . B reeds w ere 

d ^ ’̂ e re n t  f OI* a l l  th e  t r a i t s ,  bu t the  d i f f e r e n c e s  were n o t so d i s t i n c t  

a s  i n  th e  p rev io u s  a n a ly s is  o f  com plete p ro d u c tio n  f o r  ATLB and ATLW. 

For ATLB and ATLW, Targhees were s u p e r io r  to  R am b o u ille ts , but s im i la r  

to  Columbias and Colum bias w ere n o t d i f f e r e n t  from R am b o u ille ts . For 

ATWW, Targhees were s u p e r io r  to  the  o th e r  b reed s  w hich were s im ila r  to  

each o th e r .  Columbias and Targhees showed s im i la r  perform ance f o r  ATFP 

and were s u p e r io r  to  R am b o u ille ts .

There was no group e f f e c t  f o r  ATLB, ATLW and ATWW., The f i v e -  

re c o rd  group was s u p e r io r  to  th e  th re e - re c o rd  group f o r  ATFP. The ewes 

h a v in g  f i v e  r e c o r d s  w ere  i n t e r m e d i a t e .  T h is  r e s u l t  from  e a r ly  

perform ance ( f i r s t  re c o rd )  when compared to  th e  r e s u l t s  from  l i f e t im e

36
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TABLE 9 . MEAN SQUARES AND 
AVERAGES OF PRODUCTIVE TRAITS 
MODEL A)

LEAST SQUARES MEANS FOR THE LIFETIME 
OF EWES (HARVEY LEAST SQUARES ANALYSES,

Source o f 
v a r ia t io n

Mean Snnanas

df ATLB ATLW ATWW ATFP

Year o f  
b i r th  14

Breed ( B) 2 
Group (G) 2
B x G  4
Age o f dam 5 
Tjrpe o f b i r t h -  

r e a r in g  2 
B ir th  d a te  I 
R esidual 773

.4607**

.3588*
3.0920**

.1329

.0267

.5692** 

.0107 - 

.1006

.6999**
1.1132**
5.5445**

.2883*

.0849

.1762

.2844

.0958

1,786.1**
2 ,919 .7**
8 ,408.2**

414.0*
97 ,873 .0

335.4
405.3
124.0

1.5411**
8.4934**
3.3332**

.2391

.6116

2.4522**
.3328
.2822

L east S au ares  Means

B reed: N n n kg kg

R am bouille t
Targhee
Columbia

295
335
174

1.38±_.02ab 
1 .43± .02a 
1 .33±.03b

1 .14± ,03a 
1 .22±>02a 
1.05±,03b

42 .39± ,95b
48.69±>91a
41 .1 9 * J.2 b

4 .4 5 t.0 4 c
4 .73± .04b
4 .9 1 t ,0 6 a

Group:

3 reco rd s
4 reco rd s
5 reco rd s

198
129
477

1 .30±,03b 
1 .33±.03b 
1 .50± .02a

1. 02± ,03b 
1.10±,03b 
1 .30±>02a

39.50±..97b
42 .44±J.26b
50 .34 tj.78a

4.57±>05b
4 .7 2 t ,0 6 a
4.80t_.04a

a , b, c , a re  LSD com parisons (P<.01) 
*P<.05, **P<.01
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TABLE 10. MEAN SQUARES AND 
AVERAGE OF PRODUCTIVE TRAITS 
LEAST SQUARES ANALYSES, MODEL

LEAST SQUARES 
OF EWES THROUGH 
A)

MEANS FOR THE CUMULATIVE 
THEIR FIRST RECORD (HARVEY

Source o f  
V a r ia tio n df

Mean Squares

ATLB ATLW ATWW ATFPa

Year o f b i r t h  
Breed (B) 

Group (G) 
B x G
Age o f dam 
Type o f b irth -

14
2
2
4
5

.8134**
1.0492**

.1811

.0512

.1034

.7026**
1.2170**

.1638

.3851

.1107

1,627 .3**
3 ,530 .4**

320.7
575.9
111.9

5.5370**
4.2920**
1.1413**

.5860

.7529**
re a r in g  

B ir th  d a te  
R esidual

2
I

773

.4219

.0866

.1853

• .2489 
.0145 
.1943

472.5
27.6

264.7

5.4354**
4.1140**

.2580
: ■ L east S auares Means

B reed : N n n kg kg
R am bouillet
Targhee
Columbia

295
335
174

1.14±..04b 
I .28± ,03a  
1 .19±»05ab

.88±j.04b 
1 .03± ,04a 

• 91jL.05ab

32.95±.1.4b
40 .9 3 ± 1 .3 a
3 4 .8 9 t1 .8 b

4.22± ,04b
4 .4 3 ± ,0 4 a
4 .53 ± ,0 5 a

Group:

3 reco rd s
4 rec o rd s
5 reco rd s

198
129
477

1 .22± ,04a 
1 .17± .05a  
1.23± .03a

.9 3 ± ,0 4 a
•92± ,05a
•97± ,03a

35 .87± 1 .4a
35.30±.1.8a
3 7 .5 9 ± i.2 a

4 .34± .04b
4 .3 8 t.0 6 a b
4 .4 6 ± ,0 3 a

aSecond record
a ,b , are  LSD comparisons (P<,01)
** P<.01
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re c o rd s , su g g e s ts  th a t  g re a se  f le e c e  p ro d u c tio n  I s  more I n d ic a t iv e  o f  

l i f e t i m e  p r o d u c t io n  th a n  th e  o th e r  t r a i t s .  T h is  s u g g e s t io n  i s  

supp o rted  by th e  h ig h  r e p e a t a b i l i t y  r e p o r te d  f o r  th a t  t r a i t  i n  the 

l i t e r a t u r e  (T urner and Young, 1969).

SfiQQBd .re c o rd . Table 11 shows th e  mean sq u a re s  and l e a s t  sq u ares  

means f o r  th e  average p ro d u c tio n  f o r  th e  f i r s t  two re c o rd s . Breed 

d if f e r e n c e s  a t  t h i s  le v e l  w ere more marked th an  f o r  th e  a n a ly s is  a t  the 

second re c o rd . For ATLB, Targhees perform ed b e t t e r  th an  R am b o u ille ts , 

b u t w ere  n o t d i f f e r e n t  from  C o lum bias w h ic h  w e re  s i m i l a r  t o  

R am b o u ille ts . Targhees were su p e r io r  to  R am bou ille ts  but s im i la r  to  

Columbias f o r  ATLW. R am b o u ille ts  and Columbian were no d i f f e r e n t .  The 

change i n  ra n k  o f  R am bouille t from ATLB to  ATLW cou ld  be tak en  a s  

in d ic a t io n  o f a  h ig h e r  lamb l o s s  from b i r th  t o  w eaning i n  R am bou ille ts  

which have a h ig h e r frequency  o f t r i p l e t s  a t  lam bing. Subandriyo 

(1984) re p o r te d  th e  lo w est s u r v i v a b i l i t y  f o r  p ro g en y  o f  3 - y r - o l d  

R am bouillet dams. He a ls o  re p o r te d  low s u r v iv a b i l i ty  to  be a s s o c ia te d  

w ith  sm all b i r t h  w e ig h ts . Targhees were s u p e r io r  to  R am b o u ille ts  and 

Columbias f o r  ATWW, but no d if f e r e n c e  was observed  between th e se  l a s t  

two b reed s . For ATFP, C olum bian  w ere s u p e r i o r  to  T a rg h e e s  and  

R am b o u ille ts , and T arghees had g re a te r  ATFP th a n  R am b o u ille ts .

The t h r e e  g ro u p s  w ere  n o t  d i f f e r e n t  when compared f o r  ATLB, 

however, they  were d i f f e r e n t  f o r  each o f the  o th e r  t r a i t s .  Ewes w ith  

f iv e  re c o rd s  had th e  h ig h e s t  average  perfo rm ances. Ciey were su p e r io r  

to  th o se  hav in g  th re e ,  but n o t d i f f e r e n t  from th e  fo u r - re c o rd  ewes. 

The tre n d  tow ard h ig h e r  perform ance f o r  th e  f iv e - r e c o r d  ewes began to  

emerge more c le a r ly  a f t e r  two re c o rd s  th an  a f t e r  one re c o rd .
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TABLE 11. MEAN SQUARES AND LEAST SQUARES MEANS FOR THE CUMULATIVE
AVERAGE OF PRODUCTIVE TRAITS OF EWES THROUGH THEIR SECOND RECORD
(HARVEY LEAST SQUARES ANALYSES, MODEL A)

Mean Sauarm a
Source o f
v a r ia t io n df ATLB ATLW ATWW ATFPa

Year b i r t h 14 .5237** .6930** 1 ,788.1** 5.4310**Breed (B) 2 .4616* * .7510** 2 ,532 .9** 6 .0  880**Group (G) 2 .4153* .9450** 1 ,243.9** 1.2550«*B x G 4 .2547 .1488 173.7 .3660Age o f dam 5 
Type o f b i r t h -

.0630 .0313 56.7 .5151

re a r in g 2 .5337* .2440 381.4 3.7370**B ir th  d a te I .0059 .0514 131.6 1.4420*R esidual 773 .1298 .1330 174.1 .2610

L east Squares Means

B reed : N n n kg kg

R am bouillet
Targhee
Colim bia

295
335
174

1.23± .03b 
1 .32± .03a  
1 .24±,.03ab

.99±,.03b 
1 .10 ± ,0 3 a  
1 .02±_.04ab

37.4l± .1.10b
4 4 .3 1 jJ .1 5 a
3 9 .9 4 jJ .4 b

4 .32± ,04c
4.56±>04b
4.70±,.05a

Group:

3 rec o rd s 198 I »26±.03a - 1 .00±.03b 3 8 .6 5 t1 .1 b 4.46± ,04b4 re c o rd s 129 1 .23± .04a I .02j>04ab 3 9 .6 5 t1 .5 a b 4 .53 t*06ab5 re c o rd s 477 1 .31± .02a 1 . 10±_.02a 4 3 .0 3 t  .9 a 4 .6 0 t ,0 3 a

a th i r d  re c o rd
* b, a re  LSD com parisons (P<.01)

(P < .0 5 ), ** (P<.01)
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Th i rd  r e c o r d * T a b le  12 p re s e n ts  th e  mean sq u a re s  and l e a s t  

sq u a res  means f o r  cum ulative  perform ance o f th e  f i r s t  th r e e  re c o rd s . 

Breed e f f e c t  was very  im p o rtan t f o r  a l l  the  t r a i t s  ex ce p t f o r  ATLB. 

The R am b o u ille ts  and Colum bias had s im i la r  perform ances f o r  ATLW and 

ATWW. Targhees showed th e  h ig h e s t  perform ance f o r  th e se  t r a i t s .  Each 

breed d i f f e r e d  f o r  ATFP. Columbias had th e  h ig i e s t  ATFP fo llo w ed  by 

Targhees , w ith  th e  R am b o u ille ts  h av in g  th e  lo w est perform ance.

With re s p e c t  to  th e  group e f f e c t ,  th e  d if f e r e n c e s  f o r  th e  average 

o f fo u r  re c o rd s  were c le a r e r  th an  f o r  th r e e .  The f iv e - r e c o r d  ewe group 

showed th e  h ig h e s t perform ances f o r  th e  fo u r  t r a i t s .  T hree- and fo u r -  

re c o rd  groups were no t d i f f e r e n t .  The f iv e —re c o rd  group was s u p e r io r  

to  th e  th re e - re c o rd  group f o r  ATFP1 but was n o t d i f f e r e n t  from th e  

fo u r - re c o rd  group. Breed group in te r a c t io n s  (P< .05) were o b serv ed  f o r  

ATLW and ATWW.

fourth—record* The a n a ly s is  o f  average perform ances o f  ewes a t  

t h e i r  fo u r th  re c o rd  i s  d i f f e r e n t  th an  th e  a n a ly se s  u s in g  th e  av erag es  

o f one, two and th re e  re c o rd s .  T his com parison in c lu d e d  th e  th re e  

b reeds but only th e  f o u r -  and f i v e -  re c o rd  g ro u p s. Table 13 d is p la y s  

th e  mean sq u ares  and l e a s t  sq u a res  means from th e se  a n a ly s e s . No breed  

d i f f e r e n c e s  were found f o r  ATLB. For ATLW, Targhees w ere s u p e r io r  to  

Columbias and R am bou ille ts .  For ATWW, Targhees perform ed b e t t e r  than  

R am bou ille ts  and Colum bias, which w ere n o t d i f f e r e n t .  The C o lm b ia s  

a g a in  had th e  h ig h e s t  perform ance f o r  ATFP, w ith  th e  T arghees second 

and R am b o u ille ts  t h i r d  i n  ra n k . Ewes h av in g  f i v e  re c o rd s  w ere su p e r io r  

to  ewes h av in g  fo u r  f o r  a l l  th e  t r a i t s  ex cep t ATFP where no d i f f e r e n c e s
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TABLE 12. MEAN SQUARES AND LEAST SQUARES MEANS FOR THE CUMULATIVE
AVERAGE OF PRODUCTIVE TRAITS OF EVES THROUGH THEIR THIRD RECORD (HARVEY
LEAST SQUARES ANALYSES, MODEL A)

Source o f 
v a r ia t io n

Mean S a u a r e s

df ATLB ATLV ATW ATFP

Year o f b i r t h 14 .5365** .7436** 1 , 878. 8** 3.4430**Breed (B) 2 .2837 .9830** 2 ,917 .9** 6.8130**Group (G) 2 .6948** 2.2330** 3 ,177 .8** 1.1910**B x G 4 .1069 .3314 431.2* .2824Age o f dam 5
Type o f b i r t h -

.0648 .0707 77 .0 .5813

re a r in g 2 .6015** .2930 450.3* 2.9930**Date of b i r t h I .0055 .2815 431.8 .7328R esidua l 773 .1130 .1100 140.7 .2726

L east SouareH  Maana

B reed : N n n kg kg

R am bouillet 295 1.32± .03a 1.09± ,03b 40.85±_1.0b 4 .4 1 + .04cTarghee 335 1 .38± ,02a I . 19+.03a 47.53dL.97a 4 .6 7 t.0 4 bColumbia 174 1.29± .04a I .03±,03b 4 0 .5 8 t1 .3 b 4 .8 5 t» 0 6 a

Group:

3 re co rd s 198 1 .3 1 i.0 3 b 1. 02±,.03b 39.79±1.0b 4 .5 8 t.0 4 b4 reco rd s 129 1 .28±,.04b 1.09±,04b 4 2 .5 2 t1 .3 b 4 .6 6 t.0 6 a b5 reco rd s 477 1.39± .02a I . 20± ,02a 4 6 .6 3 t.8 3 a 4 .7 1 ± .0 3 a

aTourth record
a , b, c, are LSD comparisons (P<.01)
* (P<.05), ** (P<.01)



43

TABLE 13. MEAN SQUARES AND LEAST
AVERAGE OF PRODUCTIVE TRAITS OF
(HARVEY LEAST SQUARES ANALYSES, MODEL

SQUARES MEANS FOR THE CUMULATIVE 
EWES THROUGH THEIR FOURTH RECORD 

A)

Source o f  
v a r ia t io n df ATLB ATLW ATWW ATFPa

Year o f b i r t h  14 
Breed (B) 2 
Group (G) I 
B x G  2 
Age o f dam 5 
Type o f b i r t h -

.3835**

.1586
1.1512**

.2047

.0674

.4710**

.5142**
1.9944**

.3967*

.0638

1 ,304.9**
1, 716. 6**
3 ,190 .3**

544.3**
5 2 .9

1. 6060**
5.3390**

.1444
.2668

1. 0280**
re a r in g  2 

Date o f b i r t h  I 
R esid u a l 578

.4589**

.0429

.0950

.1052

.1929

.0933

142.8 
227.4
114.9

2.6980**
.1443
.2720

L e a s t  S o u a re *  M eans

B reed : N n n kg t kg
R am bouillet
Targhee
Columbia

223
262
121

1.39±>03a 
1 .42±,.03a 
1 .34± .04a

1 .l6 ± ,0 3 b
1 .24± ,03a
1.10±,.04b

43.58±.1.l3b
49 .74± 1 .08a
43.06±1.5b

4 .5 3 t .0 5 c
4 .8 l t .0 5 b
4 .9 8 t .0 7 a

Groupz

4 reco rd s
5 re c o rd s

129
477

1 .33± .03b 
1.45±>02a

1.09±,04b 
I .25± ,02a

43.27±1.3b
4 8 .6 5 t.8 5 a

4 .7 5 t .0 6 a
4 .7 9 t .0 4 a

aY ifth record
a» b, c, are  LSD comparisons (P<.01)
* (P<.05), **(P<.01)
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were d e te c te d . I n te r a c t io n s  between breed  and group were observed  f o r  

ATLW (P<.05) and ATWW (P < .0 1 ) .

ErPdY equation param ete rs  A. Br and k  and th e  E f f i c l e n n v  I n d e x  fRTl

Table 14 shows th e  mean sq u a res  and l e a s t  sq u a re s  means f o r  th e  

growth p a ram ete rs  A, B and k and th e  e f f ic ie n c y  in d ex . R am bou ille ts  

had th e  lo w est m a tu re  w e ig h t  (7 0 .0 4  kg ) w h i le  th e  T a rg h e e s  and  

Columbias were s im i la r  (72 .4 2  and 73.11 kg, r e s p e c t iv e ly ) .  The groups 

o f ewes d id  no t show d if f e r e n c e s  i n  m ature s iz e s  and no i n t e r a c t io n  was 

d e te c te d  between breed  and group f o r  t h i s  growth p aram ete r.

The th re e  b reed s  had d i f f e r e n t  m a tu rin g  r a t e s .  C oltm bias had th e  

s lo w est (.1105 ) w h ile  Targhees had th e  f a s t e s t  ( .1 2 0 0 ) and R am bou ille ts  

had an in te rm e d ia te  v a lu e  ( .1 1 5 9 ) . EWes i n  th e  group o f th re e  re c o rd s  

m atured f a s t e r  th an  th e  group o f  f i v e  r e c o rd s , but w ere no d i f f e r e n t  

th an  th o se  i n  the  group o f f o u r .  Ewes i n  th e  f o u r -  and f iv e - r e c o r d  

groups had s im i la r  m atu rin g  r a t e s .

The s im i la r i ty  in  m ature w e ig h ts  among th e  g roups, but d if f e re n c e  

i n  m atu rin g  r a t e s  s u g g e s ts  th a t  w ith in  b reed , w hatever the  p ro d u c tiv e  

lo n g e v ity  o f th e  ewes, m ature w e ig h ts  would te n d  t o  be s im i la r ,  but 

d if f e r e n c e s  would e x i s t  among them w ith  r e s p e c t  t o  m a tu rin g  r a t e s .

T a r g h e e s  h a d  t h e  h i g h e s t  e f f i c i e n c y  in d e x ,  fo l lo w e d  by 

R am bou ille ts  w hich were s u p e r io r  to  Colum bias. The l e a s t  sq u a re s  means 

f o r  th e se  th r e e  b reeds were .6 7 8 1 , .6099 and .5 6 7 1 , r e s p e c t iv e ly .  Ewes 

w i th  f i v e  r e c o r d s  w ere s u p e r i o r ,  th o s e  w i th  f o u r  r e c o r d s  w ere 

in te r m e d ia te  and th e  p o o re s t perform ance was shown by ewes i n  th e  

th re e - re c o rd  group. L east sq u a res  means w ere .6983 , .5941 and .5629
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TABLE 14. MEAN SQUARES AND LEAST SQUARES MEANS FOR BRODY'S GROWTH 
CURVE PARAMETERS (A, B, k) AND THE EWE EFFICIENCY INDEX (HARVEY LEAST 
SQUARES ANALYSES, MODEL A)

Source o f  
v a r ia t io n df

Mean S n m ir e s

A B k EI

Year o f b i r t h 14 424.34** 335.01** .011054** .1955**Breed (B) 2 450.17** 385.40** .003381** .5051**Group (G) 2 53.97 15.35 .003037** 1.3374*«B x G 4 32.75 23.86 .000301 - .1036*Age of dam 5
Type of b i r t h -

60.96 30.64 .000437 .0314

re a r in g 2 414.11** 57.39 .010965** .1828*«B ir th  d a te I 27.44 5.84 .006441** .0520R esidual 772 33 .58 30.99 .000605 .0276

L e a s t  S q u a r e s  Mmana

Breed: N kg kg KZmoa % o f  Aa

R am bouillet 295 70.04±,.53b 62.69± ,48b 11.59±,.2b 6 0 .9 9 i1 .4 bTarghee 335 72.42+ .53* 6 4 .9 5 ± ,4 5 a 12.00±..2a 6 7 .8 1 i1 .3 aColumbia 173 73 .11+ .67* 6 5 .4 7 ± ,6 0 a 11 .05± ,3c 56.71±J .8 °
Group:

3 re c o rd s 198 71.23+ .54* 64.03±_.48a 1 1 .9 7 ± ,2 a 5 6 .2 9 i1 .4 °4 re c o rd s 129 72.29±,.70a 64.66±..63* 1 1 .3 9 ^ 3 ab 59 .41± 1 .9b5 reco rd s 476 72 .06+ .43* 64.41±,.39a 1 1 .2 8 i ,1 b 6 9 .8 3 ± J .1 a

fit Values are  expressed as percentage
a, b, c, a re  LSD comparisons (P<.01)
*(P<.05), *•(?<.01)
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B ro d v 1S growth e q u a tio n s  and age a t  m a tu r i t y .  Brody1S growth 

cu rv es  and e q u a tio n s  f o r  each  breed  and group a re  shown in  F ig u re  3 . 

From th e se  e q u a tio n s , th e  tim e a t  which each b reed  o r group a t t a in e d  

m ature w e ig h t was de te rm in ed . Appendix T able 45 shows the  e s tim a te d  

w e ig h ts  g e n e ra te d  from 6 to  84 mo f o r  each grow th e q u a tio n .

For the  purpose o f d e f in in g  the  p o in t  a t  w hich m ature  w e ig h t was 

ach iev ed , an a r b i t r a r y  c r i t e r i o n  was u sed . The a sy m p to tic  n a tu re  o f 

B ro d y 's  eq u a tio n  does n o t g iv e  a  d e f in i t e  p o in t on th e  age s c a le  when 

maximum w eigh t i s  re a ch e d . Age a t  m ature  s iz e  was th e r e f o r e  d e f in e d  a s  

th e  age a t  w hich 99 % o f  A was a t t a in e d .  U sing t h i s  c r i t e r i o n ,  the  

a g e s  a t  m a tu r i t y  w ere a p p ro x im a te ly  39 mo, 38 mo and 41 mo f o r  

R am b o u llle ts , Targhees and Colunb ia s ,  r e s p e c t iv e ly .

ggffl pari sons _.Pf AGR. RGB and AMR f o r  v a ry in g  tim e  I n t e r v a l s  betweer) 

b i r t h  and 18 m onths o f  a r a .

Afiii—SPfflP a rl8009» Table 15 p re s e n ts  th e  mean sq u a re s  and l e a s t

sq u a res  means f o r  th e  e f f e c t s  o f  b reed , group and t h e i r  i n t e r a c t i o n  f o r  

AGR i n  th e  f iv e  grow th i n t e r v a l s  s tu d ie d . D iffe re n c e s  i n  AGR among 

breeds w ere observed  f o r  a l l  i n t e r v a l s .  For AGRI and AGR3, Targhees 

and Columbias were s im i la r  but s u p e r io r  to  R am b o u ille ts . T argbees were 

su p e r io r  to  R am b o u ille ts  and Colum bias f o r  AGR4, and R am b o u ille ts  w ere 

s u p e r io r  to  T arghees and Columbias f o r  AGR2. For AGR5 , T arghees had

f a s t e r  g ro w th  r a t e s  th a n  e i t h e r  R a m b o u i l le ts  o r  C o lu m b ias  and  

R am bou ille ts  had slow er grow th r a t e s  than  Colum bias. T arghees showed 

more s ta b le  perform ances a c ro s s  th e  d i f f e r e n t  i n t e r v a l s .  There was

fo r the groupa of f iv e ,  four and th ree  reco rds, re sp e c tiv e ly . The

breed by group in te ra c tio n  was s ig n if ic a n t (P<.05).
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TABLE 15. MEAN SQUARES AND LEAST SQUARES MEANS FOR ABSOLUTE GROWTH 
RATE (AGR) FROM BIRTH-WEANING (AGR1), WEAN H G -12 MONTHS (AGR2) 12-18 
MONTHS (AGR3), BIRTH-12 MONTHS (AGR 4) AND BIRTH-18 MCNlHS (AGRS) 
(HARVEY LEAST SQUARES ANALYSES, MODEL A)

Sources o f
Means S n u a re s

df AGRl AGR2 AG RB AGR4 AGR5v a r ia t io n

Year o f b i r t h  14 
Breed (B) 2 
Group ( G) 2 
B x G  4 
Age o f dam 5 
Type of b i r t h -

24.284**
18.247**

.137"

.179
3.591**

6.438«*
4.015**

.008

.496

.402

107.718**
14.191**

.912

.479

.399

7.482**
. 706**
.093
.158
.315*

4.069**
2.199**

.024

.053

.089
re a r in g  

B ir th  r a t e  
R esidual

2
I

772

89.481**
10. 261**

.830

6.336**
.998*
.228

1.863*
.722
.544

2.972**
.035
.128

.513*"

.186

.075

Means

B reed : N kg/mo kg/mo kg/mo kg/mo kg/mo

R am bouillet
Targhee
Columbia

295
335
173

7 .94± .08b
8 .54± .07a
8 .27± .09a

1 .45± ,04a
1.23± ,04b
1.15± ,05b

2 .59± ,06b 
3.03±,.06a 
3 .1 0 ^ .0  8a

3 .73± .03b
3 .8 l± .0 3 a
3.68±_.04b

3.28±..02c
3.49±..02a
3.40±_.03b

Groups

3 reco rd s
4 reco rd s
5 reco rd s

198
129
476

8.22±>08a
8.29±,.10a
8 .24 ± .0 6 a

1 .28± ,04a  
1 .27±,.05a 
I .29± ,03a

2.99±>06a
2.86±,.08a
2 .8 7 ± ,0 5 a

3.72±,.03a
3 .7 6 ± .0 4 a
3 . 76± ,02a

3 .4 l± .0 2 a
3 .3 7 t .0 3 a
3 .3 9 t .0 2 a

a, b, a re  LSD com parisons (P<.01) 
** (P<.01)
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and Columbiaa were s im ila r  but s u p e r io r  to  R am b o u ille ts . Targhees were 

s u p e r io r  to  R am bou ille ts  and Columbias f o r  AGRU, and R am b o u ille ts  were 

s u p e r io r  to  Targhees and Columbias f o r  AGF2. For AG 16, Targhees had 

f a s t e r  g row th  r a t e s  th a n  e i t h e r  R a m b o u il le ts  o r  C o lum bias and  

R am bouille ts  had slow er growth r a t e s  than  Colum bias. Targhees showed 

more s ta b le  perform ances a c ro s s  th e  d i f f e r e n t  i n t e r v a l s .  There was 

evidence o f com pensatory growth i n  a d ja c e n t  i n t e r v a l s  from b i r th  to  

weaning (AGR1) ,  from w eaning to  12 mo (AGR2) and from 12 to  18 mo 

(AGRB); h o w ev er, th e  t h r e e  b re e d s  d id  n o t  r e s p o n d  th e  sam e . 

R am bouille ts had h ig h  g a in s  i n  AGR2 and low in  AGRI and AGRB; w h ile  th e  

o p p o s ite  was g e n e ra lly  t ru e  f o r  the  o th e r  two b re e d s . In  no case  were 

d i f f e r e n c e s  d e t e c t e d  among groups nor was th e re  a  b reed  by group 

in te r a c t io n .

SSiR  comparisons. Table 16 p re s e n ts  th e  mean sq u a re s  and l e a s t  

sq u ares  means f o r  RGR i n  th e  f i v e  growth i n t e r v a l s .  In  a l l  i n t e r v a l s ,  

e x cep t from b i r th  to  weaning (RGRI) and b i r t h  to  12 mo (RGR4), b reed  

e f f e c t s  w ere  s i g n i f i c a n t .  For RGR2 , R a m b o u il le ts  had  s u p e r io r  

perform ance and Targhees and Columbias had low er bu t s im ila r  grow th. 

H ow ever, T arghees and Colum bias w ere s u p e r io r  to  R am b o u ille ts , and 

Columbias s u p e r io r  to  Targhees f o r  RGRB. Group d i f f e r e n c e s  were n o t 

d e t e c t e d  f o r  any i n t e r v a l .  For RGR5, Targhees and Colum bias had 

s im ila r  growth r a t e s  and bo th  were s u p e r io r  to  R am b o u ille ts . No breed 

by group in te r a c t io n s  w ere observed .

AMR COfflParl BOng. Table 17 d is p la y s  th e  mean sq u a re s  and l e a s t  

s q u a r e s  m eans f o r  AMR i n  e a c h  o f  th e  i n t e r v a l s  s tu d ie d . Breed 

d i f f e r e n c e s  were d e te c te d  f o r  a l l  th e  i n t e r v a l s .  For AMRI, Targhees
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TABLE 16. MEAN SQUARES AND LEAST SQUARES MEANS FOR RELATIVE GROWTH 
RATE (RGR) FROM BIRTH-WEANING (RGRI)t WEANING-12 MONTHS (RGR2) 12-18 
MONTHS (RGRB) 1 BIRTH-12 MONTHS (RGRiJ) AND BIRTH-18 MONTHS (RGR5) 
(HARVEY LEAST SQUARES ANALYSES, MODEL A)

Source o f  
v a r ia t io n df RGRI RG R2 RG RB RG R4 RG R5

Year o f b i r t h  14 .004851** .002114** .020499** . 001836** .000059**Breed ib ; 2 .000223 .001867** .001958** . 000006** .000005**Group (G) 2 .000381 .000002 .000173 . 000001** .000000B x G 4 .000213 .000166 ,000113 .000002 .000001Age o f ram 5 .000071 . 000222* .000169 . 000010** .000002**Type of b i r t h -
re a r in g 2 .000432* .004537** .001135** .000088** .000035**B ir th  d a te I .065677** .001047** . 000618* .000497** .000184**R esidual 772 .000140 .000080 .000104 .000003 .000001

L east S a u a r e s  M eansa

B reed : N %/mo %/mo %/mo %/mo %/mo

R am bouillet 295 21.6 ± . 1a 3 .01± ,1a 4 .1 8 ± ,1 c 7 . 86* .0a 5 .4 2 * ,0 bTarghee 335 2 1 .7 8 ± ,1 a 2.52*.. Ib 4 .64± ,1b 7 .8 9 * ,0 a 5.45±,.0aColumbia 173 21 . 65± . 1a 2 .39± ,1b 4 .86*..I a 7.87*_.0a 5 .4 5 * ,0 a
Groups:

3 re co rd s 198 21.80±,.1a 2 . 66± ,1a 4.67*.. I a 7.87±>0a 5 .4 4 * .0 a4 reco rd s 129 2 1 .6 3 ± .1 a 2 .6 3 ± ,1 a 4 .5 1 * ,1 a 7 .8 8 * .0 a 5 .4 4 * .0 a5 reco rd s 476 21 .56* . I a 2 .6 4 ± ,1 a 4.51*.. I a 7 . 86* .0a 5 .4 4 * .0 a

a RGR expressed as percentage r e la t iv e  to  Yt9
a, b, c, a re  LSD comparisons 2
**(?< .01)
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TABLE 17. MEAN SQUARES AND LEAST SQUARES MEANS FOR ABSOLUTE MATURING 
RATE (AMR) FROM BIRTH-WEANING (AMR1), WEANING- 12 MONTHS (AMR2), 12-18 
MCNTHS (AMR3), BIRTH-12 MONTHS (AMRlt), BIRTH-18 MONTHS (AMR5) (HARVEY 
LEAST SQUARES ANALYSES, MODEL A)

Mean Souarea
Source o f  
v a r ia t io n df AMRI AMR2 AMR3 AMR4 AMR5 :

Year o f b i r t h lit .00363** .001550«» . 01838** . 001980"* .000417**Breed (B) 2 . 00122** .001053** , . 00152«* .000242** .000117**Group (G) 2 .00013 .000004 .00031» .000006 . 000060*«
B x G 4 .00007 .000089 .00013 .000024 .000029Age o f dam 
Type of b i r th

5 .00026 .000098* .00015 .000015 .000010

r e a r in g 2 .01080** .001575** .00084** .000217** .000026
B ir th  d a te I . 00132** .000141 .00014 .000048 .000007R esidual 77 2 .00017 .000044 .00009 .000025 .000011

L east Squares Mmana

B reed : N %/mo %/mo %/mo %/mo %/mo

R am bouillet 295 11.39iL.1o 2.09±j»05a 3 .6 6 * ,0 8 b 5 .36± ,04a 4 .71* .03b
xargnee 335 11 .84± .1a I .73± ,05b 4 .1 4 * .0 8 a 5 .3 0 * .0 4 a 4 .8 3 * .0 3 a
Columbia 173 11.41±.1b 1.6l± ..07c 4 . 16* . 10a 5 .11* .05b 4 .68* .04b

Group; * '

3 re co rd s 198 1 1 .63*. I a 1 . 83±,.05a 4 .1 4 * .0 8 a 5 .2 8 * .0 4 a 4 .8 l* .0 3 a
4 reco rd s 129 11 .53± .1a 1 .8 0 * . 07 a 3 .88* . 10a 5 .2 5 * .0 6 a 4 .6 8 * .0 4 b5 reco rd s 476 11 .48*. I a 1 .8 l* .0 5 a 3 .9 4 * .0 7 a 5 .2 5 * .0 3 a 4 .7 2 * .0 2 ab

a AMR are  expressed as percentage r e la t iv e  to  A
a, b, a re  LSD comparisons (P<.01)
*(P<.05)I •*(P<e01)
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were s u p e r io r  to  R am b o u llle ts  and ColumMas, bu t Colum bias m a tu red  

f a s t e r  th a n  R a m b o u i l le ts .  H ow ever, f o r  AMR2, R am b o u ille ts  were 

su p e r io r  to  Targhees and Columb ia s .  Targhees w ere f a s t e r  m a tu rin g  than  

Columbias i n  th e  in t e r v a l  (W-12  mo). The AMR3 perfo rm ances o f  Targhees 

and Columbias were s im i la r  and h ig h e r  th an  R am b o u ille ts . AMRH v a lu e s  

w ere  s i m i l a r  f o r  R am b o u ille ts  and T arghees; both  w ere s u p e r io r  to  

Columbias. F in a l ly ,  f o r  AMR5 Targhees were s u p e r io r ;  th e  R am bou ille ts  

and Columbias showed no d i f f e r e n c e .

Groups w ere d i f f e r e n t  only  fo r  AMR5. The th re e - r e c o r d  group had 

f a s t e r  m a tu rin g  r a t e  th an  th e  fo u r - re c o rd  group, b u t was ho t d i f f e r e n t  

from th e  f iv e - r e c o r d  group.

Growth s t a t i s t i c s  re p o r te d  by S to b a r t  (1983) fo r  each o f th e se  

b reeds were s im i la r .  The main d i f f e r e n c e s  w ere  o b s e r v e d  f o r  RGR 

e s t im a te s  f o r  th e  b i r th  to  w eaning and 12 to  18 months i n t e r v a l s .  

A pparen tly , th a t  d if f e r e n c e  was caused in  p a r t  by the  d i f f e r e n t  fo rm u la  

u se d . S to b a r t used  a s  re fe re n c e  th e  mean w e ig h t f o r  th e  i n te r v a l  

( i n i t i a l  w e ig h t + f i n a l  w eigh t d iv id e d  by tw o ) . I n  t h i s  s tu d y ,  

in s te a d , th e  f i n a l  w e ig h t was used a s  r e f e r e n c e .  The f i n a l  w e ig h t i n  

th e  i n t e r v a l  was used a s  re fe re n c e  i n  o rd e r to  m inim ize th e  r e s id u a l  

e f f e c t s  o f  th e  p rev io u s  i n t e r v a l .  A lso, in  th e  case o f  AMR v a lu e s , 

d i f f e r e n c e s  were observed  i n  th e  12 t o  18 mo i n t e r v a l ,  w hich would be

caused by th e  d i f f e r e n t  method used  by S to b a r t  ( 1983) fo r  e s tim a tin g  

m ature s iz e .



E f f e c t  o f  ty p e  o f  b i r t h  and r e a r i n g  on g row th  and p r o d u c t iv e  

perform ance o f ewea.

Hie e f f e c t s  o f  th e  type o f b i r th  and r e a r in g  o f  th e  ewes on t h e i r  

subsequen t growth and p ro d u c tiv e  t r a i t s  were o b ta in e d  f o r  each breed  

from th e  Model B a n a ly se s  u s in g  th e  l e a s t  sq u a res  m ethod o f  Harvey 

(1977). The l e a s t  sq u a re s  means f o r  a l l  t r a i t s  a r e  l i s t e d  f o r  each  

breed  i n  Appendix T ab le  46 fo r  r e fe r e n c e .  Hie a n a ly se s  u s in g  Model C, 

fo r  the  combined d a ta  s e t s ,  p ro v id ed  the  e s t im a te s  o f th e  l e a s t  sq u a re s  

means p re se n te d  i n  T ab le  18.

The g e n e ra l r e s u l t s  o f  th e se  a n a ly se s  in d ic a te  t h a t  ewes born  tw in  

and r a is e d  a s  tw ins o r a s  s in g le s  had th e  h ig h e s t  re p ro d u c tiv e  r a t e ,  

weaned th e  g r e a te s t  w eigh t o f  lamb i n  a b so lu te  te rm s (ATWW) and i n  

r e l a t i v e  term s (E l) .  They produced s l i g h t l y  l e s s  wool and a t t a in e d  

sm a lle r  m ature w e ig h ts  (A ). EWes born and r a i s e d  a s  tw in s  approached 

m ature w e ig h t a t  s low er r a t e  (sm a lle r  k ) th an  e i t h e r  tw ins r a i s e d  as  

s in g le s  o r  s in g le s  r a i s e d  a s  s in g le s .  Evidence o f c y c l i c a l  growth from 

b i r th  to  18 mo in d ic a te s  some com pensatory grow th (O lson e t  a l . ,  1976) 

f o l l o w in g  w ean in g  (AGR2). T h is  a p p e a r s  t o  be r e l a t e d  t o  th e  

env ironm enta l c o n d itio n  a s s o c ia te d  w ith  type o f b i r t h  an d  r e a r i n g .  

Twins r a i s e d  a s  tw in s  grew slow er p r io r  to  w eaning bu t f a s t e r  fo llo w in g  

w eaning. The o p p o s ite  was g e n e ra l ly  t r u e  f o r  tw in s  r a i s e d  a s  s in g le s  

and s in g le s  r a i s e d  a s  s in g le s .  A fte r  12 mo o f age, th e  a b so lu te  growth 

r a t e s  (AGR) f o r  the  th re e  b i r t h  and r e a r in g  g roups were e s s e n t i a l l y  th e  

sam e. The growth r a t e s  d u rin g  th e  lo n g e r  p e r io d s  (AGR4 and AGR5) 

combined th e  in f lu e n c e s  o f the  d i f f e r e n t i a l  growth r a t e s  d u rin g  the  

e a r l i e r  growth segm ents. The e f f e c t s  o f  type o f b i r t h  and r e a r in g  w ere
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TABLE 18. LEAST SQUARES MEANS FOR BIRTH-REARING EFFECTS CN ALL THE 
STUDIED LIFETIME TRAITS OF THE EWES USING THE BREEDS POOLED INFORMATION 
(HARVEY LEAST SQUARES ANALYSES, MODEL C)

T r a i t s  S ig n if ic a n c e

Tvoe of B i r th - r e a r in g

S/S T/S T/T

No of o b s e rv a tio n s 411 65 327
ATLB (n ) ** 1.38±>03 1.46± ,04 1 .471 ,03
ATLW (n ) 1.17± ,03 1 .231,04 1 .2 1 i,0 3
ATWW (kg) 45.72±>90 48 .17 i 3 .7 47 .631 ,92
ATFP (kg) 4 .81± ,04 4 .731 ,07 4 .6 8 i ,0 5
A (kg) ** 73.79± ,50 69 . 80±,86 71.371,51
k (*/mo) 11. 66±,20 1 1 .7 0 i,3 0 1 0 .5 2 i,2 0
EI (%) *» 62.33±J.O 6 9 .2 5 t2 .0 6 7 .0 2 tJ .0
AGRI (kg/mo) ** 8.81± ,07 8.38± ,13 7 .7 1 1 ,0 7
AGR2 (kg/mo) ** 1.09±,04 1.22±,07 1.391 ,04
AGR3 (kg/mo) 2.94± ,06 2.84± ,10 3 .0 2 i,0 6
AGR4 (kg/mo) ** 3.79± ,03 3 .7 2 i ,0 5 3 .5 9 1 ,0 3
AGR5 (kg/mo) ** 3 .44± ,02 3 .3 6 i ,0 4 3 .3 8 ± ,0 2
RGRI (%/mo) ** 21.57± ,10 22 .151 ,20 21 . 671,10
RGR2 (%/mo) 2 .171 ,07 2 .5 2 i,1 0 2 .9 7 1 ,0 8
RGR3 (%/mo) ** 4 .49± ,08 4 .5 5 1 ,1 0 4 .8 l i ,0 8
RGR4 (%/mo) *# 7.751,01 7 .8 7 1 ,0 2 7.831 ,01
RGR5 (%/mo) ** 5 .391 ,00 5.471,01 5 .4 4 i,0 0
AMRI (%/mo) Si 1 1 .9 9 t,1 0 12.031,20 10 .851 ,10
AMR2 (%/mo) ** 1.491,06 1.761 ,09 1.9 6 i,0 6
AMR3 (%/mo) 3 .9 3 1 ,0 8 4 .0 4 i,1 0 4 .2 0 1 ,0 8
AMR4 (%/mo) ** 5 .1 9 t,0 4 5 .3 4 i,0 7 5 .071 ,04
AMR5 (%/mo) * 4 .6 8 i ,0 2 4 .82 i ,0 5 4 .6 9 1 ,0 3

•  (P < .0 5 ), ** (P< .01)
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c o n sid e rab ly  dampened, bu t d if f e r e n c e s  co n tin u ed  to  be s i g n i f i c a n t ,  

w ith  th e  tw in  born ewes h av in g  an  ap p a ren t env ironm en ta l d isad v a n ta g e .

The e f f e c t s  o f type o f b i r t h  and r e a r in g  on BGR and AMR w ere 

s ig n i f i c a n t .  !Wins r a i s e d  a s  tw in s  o r  s in g le s  had f a s t e r  growth i n  th e  

w eaning to  12 mo i n t e r v a l .  The c y c l ic  e f f e c t  which had been observed  

when growth was e v a lu a te d  i n  te rm s o f  AGR alm ost d isap p e a re d  between 

th e se  two i n t e r v a l s  when e v a lu a te d  i n  te rm s o f RGR and AMR. The need 

to  a d ju s t  growth and re p ro d u c tio n  re c o rd s  f o r  type o f b i r th  and r e a r in g  

f o r  most t r a i t s  s tu d ie d  i s  c le a r ly  e v id e n t . The e f f e c t s  o f type o f 

b i r th  and r e a r in g  on re p ro d u c tiv e  perform ance in c lu d e , in  a d d i t io n  to  

env ironm enta l f a c to r s  in v o lv e d  i n  th a t  p a r t i c u l a r  re sp o n se , th e  e f f e c t s  

o f genotype o f tw ins compared to  s in g le s .  Evidence f o r  t h i s  can be 

drawn from  B asuthakur e t  a l .  (1973) i n  which th e  type o f b i r t h  o f the 

s i r e s  i n f l u e n c e d  th e  l i f e t i m e  r e p r o d u c t i v e  p e rfo rm an ce  of t h e i r  

d a u g h te rs .

E s tim a te s  o f  I i e r l t a b i l l t i e s f g e n e tic  and p h en o ty p ic  c o r r e la t io n s

L east sq u a res  mixed-model a n a ly se s  were used to  o b ta in  e s t im a te s  

o f th e  g e n e tic  and p h en o ty p ic  p a ram e te rs  f o r  each b reed  (model B ). In  

th e  a n a ly se s  o f th e  pooled d a ta ,  w hich in c lu d e d  b reed  a s  one o f the 

so u rces  o f  v a r i a t io n ,  model C was em ployed. G enetic  p a ra m e te rs  f o r  

each b re e d  a r e  p r e s e n te d  i n  A ppend ix  T a b le s  4 7 , 48 an d  49 f o r  

R am b o u ille ts , Targhees, and C olurnbias, r e s p e c t iv e ly .

Low h e r ! L a b i l i t i e s  f o r  p ro d u c tiv e  t r a i t s  and some n o n -e s tim a b le  

h e r i t a b i l i t i e s  (ATLW, ATWW, E l, RGRI, RGBS and AMR3) were o b ta in e d  from 

th e  a n a ly s is  o f th e  Targhee d a ta . T h is  r e s u l t e d  i n  n o n - e s t im a b le  

g e n e tic  c o r r e la t io n s  in v o lv in g  th e se  t r a i t s .  N egative  s i r e  components



of v a r ia n c e  were the  d i r e c t  cause o f th e se  r e s u l t s .  Very low a d d i t iv e  

g e n e tic  v a r ia n c e  f o r  th e se  t r a i t s  i n  T arghees and poor p re c is io n  i n  th e  

param eter e s tim a te s  could be a re a so n  f o r  th a t  p a r t i c u l a r  re sp o n se . 

However, sample s iz e  was n o t co n sid e red  a s  a  s p e c i f i c  f a c to r  because 

th e  Targhee sample s iz e  was l a r g e r  th an  e i t h e r  th e  R am b o u ille ts  or 

Columbias. In  each b reed , th e  e s tim a te s  o f  h e r i t a b i l l t i e s  and g e n e tic  

c o r r e la t io n s  had r e l a t i v e l y  la rg e  s ta n d a rd  e r r o r s .

In  g e n e ra l, th e  Columbia h e r i t a b i l i t y  e s t im a te s  w ere h ig h e r  than  

R am bouille ts  e x cep t f o r  some i n t e r v a l s  o f growth e v a lu a te d  i n  te rm s o f 

RGR and  AMR. G e n e tic  c o r r e la t io n s  showed more marked d i f f e r e n c e s  

between Columbias and R am bou ille ts  th an  t h e i r  h e r i l a b i l i t i e s .  G en e tic  

c o r r e la t io n s  in v o lv in g  ATWW w ith  ATFP and k i n  Columbias w ere low , but 

p o s i t iv e  i n  c o n tr a s t  to  R am bou ille ts  w hich w ere h ig h  and n e g a t iv e .  

A lso , th e  g e n e t i c  c o r r e l a t i o n  between ATWW and EI was h ig h  and

p o s i t iv e  ( .7 9 )  f o r  Columbias compared to  R am b o u ille ts  w hich was low and 

n e g a tiv e  ( - . 03) .

G enetic  c o r r e la t io n  in v o lv in g  growth s t a t i s t i c s  w ere s im i la r  fo r  

Columbias and R am b o u ille ts . The growth s t a t i s t i c s  f o r  th e  w eaning to  

12 mo in te r v a l  showed h ig h  and p o s i t iv e  g e n e tic  r e l a t io n s h ip  w ith  th e  

most im p o rtan t re p ro d u c tiv e  t r a i t s  (ATWW and E l) in  both b reed s . The 

c o n s ta n c y  o f  t h a t  a s s o c i a t i o n  i n  b o th  b re e d s  su g g e s ts  a  g e n e ra l 

r e la t io n s h ip  p robab ly  e x i s t s  th a t  i s  n o t p a r t i c u l a r  t o  a  s p e c i f i c  

b reed .

The g e n e t i c  c o r r e l a t i o n  betw een ATFP and A i n  C olunbias was 

p o s i t iv e ;  i n  th e  R am b o u ille ts , th e  a s s o c ia t io n  w as n e g a t i v e .  The 

g e n e t i c  a s s o c i a t i o n  o f  ATFP w ith  th e  growth s t a t i s t i c s  was q u i te
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d i f f e r e n t  i n  th e s e  two b r e e d s .  A lm ost a l l  w e re  n e g a t i v e  i n  

f la m b o u ille t, even f o r  th e  i n t e r v a l s  w eanlng-12 mo and B ir th -1 2  mo, 

w h ile  in  Columbias th e se  a s s o c ia t io n s  were p o s i t iv e .  This s u g g e s ts  

t h a t  th e  c o r r e l a t e d  r e s p o n s e  i n  ATFP from  s e l e c t i o n  f o r  growth 

s t a t i s t i c s  i n  th e  i n te r v a l  in d ic a te d  would be d i f f e r e n t  f o r  th e  two 

b reed s.

D i f f e r e n c e s  w ere  a l s o  o b s e r v e d  f o r  th e  g e n e t ic  c o r r e la t io n s  

between A and E l. This c o r r e la t io n  was n e g a tiv e  i n  Columbias which 

means t h a t  s e le c t io n  o f an im als  f o r  l a r g e r  m atu re  s iz e s  w i l l  r e s u l t  i n  

progeny w ith  low er e f f ic ie n c y .  The o p p o s ite  would be e x p e c te d  i n  

R am bouille ts  where th e  g e n e tic  c o r r e la t io n  was p o s i t iv e .

fisaetl c paraa sters from th e  pooled da ta  ( R am boiin ie ts . T = ,.,* ... 

and Col umbi an). Table 19 shows th e  h e r i t a b i l i t i e s ,  and g e n e t ic  and 

pheno typ ic  c o r r e la t io n s  among th e  t r a i t s  s tu d ie d  from th e  pooled  d a ta  

u s in g  model C. These a n a ly se s  were perform ed i n  o rd e r to  o b ta in  more 

g en e ra l e s tim a te s  o f  th e  g e n e tic  p a ram e te rs  w ith  th e  ad v an tag es  r e l a t e d  

to  the  g r e a te r  sample s iz e .  The sample s iz e  c o n s id e ra tio n  p r im a r i ly  

a f f e c te d  th e  e s tim a tio n  o f  th e  s i r e s  components o f  v a r ia n c e .

He r i t a b l l i tY estlm m W P . The h e r l t a b i l l t y  e s tim a te s  f o r  th e  

p ro d u c tiv e  t r a i t s  ATLB1 ATLWt ATWV and ATFP w ere .43,  .3 3 ,  .11 and . 68 , 

r e s p e c t iv e ly .  S to b a r t  (1983) found v a lu e s  o f  .4 2 , .0 8 , .03 and .31 f o r  

s im ila r  to  th o se  found i n  t h i s  s tu d y . Timon and E ise n  ( 1969) re p o r te d  

e s tim a te s  o f h e r i t a b i l i t i e s  f o r  A, e s tim a te d  from R ichards and L o g is t ic  

m odels i n  m ice, th a t  were l a r g e r .  The h e r l t a b i l l t y  e s tim a te s  f o r  k 

were s m a lle r  when k was d e riv e d  from R ichards e q u a tio n , but g r e a te r  

when d e riv ed  from th e  L o g is t ic  e q u a tio n .
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TABLE 19. ESTIMATES3 OF HERITABIL!TIES, GENETIC AND PHENOTYPIC
CORRELATIONS FOR LIFETIME PRODUCTION AND GROWTH TRAITS (POOLED DATA
FROM RAMBOUILLET1 TARGHEE AND COLUMBIA EWES)

ATLB ATLW ATWW ATFP A k

ATLB .4 1 + .IR .72 .65 .02 CJO

.12
ATLW .91± ,12 .3 3 + .IR .95 .01 — •11 .17ATWW 1.13±,54 1.13± ,30 .1 1 + .IR .04 —.07 .17ATFP .20±>24 •20±,28 .27±,50 - 6 8+ .16 .27 - .0 9A .23±j.j0 • 17±,35 • 51±,73 • 04±,25 .4 2 + .IR - .5 3k . 13±>26 .09± ,29 .004±>51 - . 20±,22 - .6 8 ± ,4 4 .R6+.16
EI . 82±,30 .92± ,10 .75±>32 .09± ,40 - . 29±,62 .46± ,38
AGRl .37±,43 - .2 7 ± ,4 9 -.5 4 ± ,9 1 -.8 1 ± ,4 3 .07 ±,44 .06± ,38
AGR2 .09j>23 •45±,27 .86± ,74 . 38±,18 • 15±,22 .32± ,19AGRj .31± ,28 - .1 4 ± ,3 3 - • 16±,56 - .0 9 ± ,2 4 .49±,26 -.38±>30
AGR4 .23± ,28 •38±,32 •75±,72 .05± ,23 .29±,26 .36± ,22
AGR5 .49± ,29 •30±,33 .62± ,65 - .1 2 ± ,2 4 • 55±,21 -.02±,.27RGRI .03± ,25 - .2 4 ± ,2 9 - .4 2 ± ,5 9 - .4 2 ± ,2 2 - .2 4 ± ,2 5 . 29±>21
RG R2 .08±,23 .51± ,28 •95±,81 •39±,19 .07 ±,23 . 36±.20
RGRj .15± ,30 - .2 8 ± ,3 4 -»43±,65 -.1 4 ± ,2 6 .38±,31 -.4 3 ± ,3 4
RG R4 .01 ± ,30 »26 ±,34 •64±,73 -.2 8 ± ,2 7 -.2 1 ± ,3 1 .64± ,24
RGRt> .04± ,24 .05± ,27 - . 1 1±,46 - .4 3 t ,2 2 - .0 9 ± ,2 4 .46± ,20AMRl .04± ,29 - .3 5 ± ,3 3 - .8 0 ± ,7 7 -.5 8 ± ,2 8 - .7 4 ± ,4 7 .62± ,15AMR2 . 09±,22 .46± ,27 .82 ±,71 »34±,18 -.0 3 ± ,2 3 .44±,17AMRj •30±,33 -.2 3 ± ,3 6 '-•3 9 ± ,6 6 -.1 7 ± ,2 9 .25± ,36 - . 1 9±,30AMR4 •05±,25 .23±,27 .33± ,49 -.0 4 ± ,2 0 -.5 7 ± ,3 7 .89± ,05AMR5 .26± ,25 •14±,29 • 12±,49 “ *24±,23 -.5 6 ± ,4 1 .78±.,09

3H e r i t a b i l i ty  e s tim a te s  a re  u n d e rlin e d , phen o ty p ic  c o r r e la t io n s  above 
th e  h e r i t a b i l i t i e s ,  and g e n e tic  c o r r e la t io n s  below h e r i l a b i l i t i e s .
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TABLE 19.. (C ontinued)

T r a i t s

ATLB
ATLW
ATWW
ATFP
A
k
EI
AGRI
AGR2
AGR3
AGR4
AGR5
RGRI
RG R2
RG R3
RG R4
BG R5
AHRI
AMR2
AMR3
AMR4
AMR5

RGBI RGR2 RGR3

-.002  .02 .06
- .0 5  .01 .06
- .0 4  .04 .05
- .0 9  .05 - .0 8
.006 , .02 . 06 

• I ̂  .13 —.28
- .0 4  .05 .02

•58 - .4 3  - .1 8
- .0 9  .97 - .5 0
- .1 8  - .3 4  .93

.16 .48 -.55
•05 .14 .20

J iS + .15 - .1 3  -.21
•23±>20 .76+.16 - .4 3

'.02±,26 - .7 2 ± ,3 8  .40+.16
•31±,23 .53± ,20  - .1 7 ± ,3 6
•18±,20 .2 4 ^ 1 8  .13±>24
.801 ,14  - .3 6 t ,3 0  .0 4 t,3 1
.171 ,20  .9 9 i,0 1  - .7 3 i> 3 9
.0 2 i ,2 8  - .6 7 ± ,4 0  . 95i ,03
•20t ,20 .7 6 i #13 —.651,44
.081 ,22  .301 ,20  .1 1 i,2 7

RG R4 RGBS AMfll

.03 .06 .06

.04 .06 .09

.05 .06 .08
-.11 - .1 4 - .1 0

.01 .01 - .4 0

.23 .15 .67

.05 .05 .19

.18 .05 .70

.32 .12 - .3 4
- .2 4 .26 -.21

.46 .19 .18

.22 .36 .01

.34 .11 .57

.31 .12 - .4 3
- .3 3 .23 - .2 3

.40+.16 .52 .17

.701 ,16 .70+.1$ .04

.2 7 t,2 9 .211 ,24 .44+ .16

.6 l t ,1 9 .3 0 i ,1 8 - .2 8 i ,2 6

.0 2 t,3 6 .251 ,25 .2 2 t ,3 4

.771 ,18 .5 0 i ,1 9 .301,21

.5 4 i ,2 5 « 6 4 i ,16 .381,21
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TABLE 19. (C ontinued)

T r a i t s  EI AGRI AGR2 AGR3 AGR4 AGR5

ATLB .60 .09 .04 .11 .10 .17ATLW .92 .02 .01 .09 .05 .11
ATWW .95 .04 .05 .09 .10 .15ATFP -.06 .11 .11 - .0 0 4 .20 .18A - .3 7 .36 .12 .27 .41 .61k .32 .26 .19 -.21 .38 .15EI -15+.15 — .08 .17 -.002 - .0 4 - .0 5AGRI -.5 7 ± ,8 3 .19+ .15 - .2 5 - .0 0 3 .51 .48AGR2 .63± ,48 - .4 5 1 ,4 4 . 80*.16 -.36 .65 .28
AGR3 -.44±>52 .511 ,48 - .4 7 1 ,3 0 .44+ .15 - .2 7 .50AGR4 .42± ,52 - .1 8 1 ,3 9 .9 6 i,1 0 - .2 4 1 ,3 2 .48+.15 .67AGR5 • 13±,50 - .0 3 1 ,4 7 .431,21 .721 ,20 .551 ,19 .40+.15
RGRI -.2 0 ± ,4 2 .901 ,25 - . 20t ,20 - .0 9 1 ,2 5 .0 4 t,2 4 - .2 0 i ,2 5RG R2 .77±,52 - .4 8 i ,51 .991,01 -.5 2 1 ,3 1 .9 4 i ,1 4 .391 ,23RG R3 -.6 0 ± ,5 7 .591 ,59 - .6 7 1 ,3 8 .951 ,04 - .4 4 i ,4 3 .5 6 i ,2 9RG R4 •71±,59 .171,43 .5 2 i,2 0 - . 10i ,32 .671 ,20 .2 8 i ,2 9RGRs .18± ,39 .251 ,35 .271 ,20 .151 ,23 .5 0 i,2 1 .531 .20AMRI -.2 0 ± ,4 5 .611 ,24 - .4 0 i ,2 9 - .1 0 i ,3 1 - .3 1 i ,2 6 - .4 8 i ,3 2AMR2 •73±,47 -.4 8 ± ,4 7 .9 8 t,0 1 - .5 4 t ,3 2 .90 1 ,1 2 .341 .22AMR3 -.4 5 ± ,5 3 .731,66 • - . 6 l i , 3 9 .9 6 i,0 4 - .3 2 i ,4 2 .721 ,30AMR4 .66±>41 - .2 7 1 ,3 4 .701 ,12 - .5 8 i ,3 8 .621 ,15 .0 2 i,2 6AMR5 .491 ,36 - . 061,38 .251 ,19 .131 ,25 .251 ,23 .371,23
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TABLE 19 . (C ontinued)

T r a i t s AMR2 AMR3 AMR4 AMR5

ATLB .04 .11 .08 .16
ATLW .04 .14 .13 .24
ATWW .07 .12 .14 .24
ATFP .04 -.11 - .0 5 - .1 4
A •*.08 - .0 9 - .4 4 - .5 0
k .31 - .0 3 .85 .81
EI .10 .14 .27 .38
AGRI - .3 3 - .1 3 .20 .11
AGR2 .97 - .4 3 .53 .15
AGR3 -.4 1 .92 - .5 0 .22AGfW -.5 6 - .4 5 .62 .24
AGR5 .14 .28 .13 .37RGRI - .0 9 - .1 8 .16 .06
RG R2 .97 - .3 7 .46 .12
RGR3 -.5 1 .95 -.61 .14
RG R4 .33 - .2 7 .45 .22
RGR5 .12 .25 .18 .39AMRI i ro O

X - .0 7 .52 .48
AMR2 . 81*.16 - .4 1 .63 .25AMR3 -.6 5 + .4 0 . I ? * . i s - .3 8 .41
AMR4 .81+ .09 - .4 5 + .3 8 .64*.16 .66
AMR5 .36+ .18 .40+ .25 .67+ .12 .56* .16
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of ATLW and ATFP.

H e r i t a b i l i t y  e s tim a te s  f o r  A and k w ere .4 2  and .5 6 ,  r e s p e c t iv e ly ,  

in d ic a t in g  th a t  A and k each  would resp o n d  r e a d i l y  to  s e l e c t i o n .  

H e r i t a b i l i t i e s  re p o r te d  f o r  A and k i n  mice (E ise n  e t  a l . ,  1969), when 

e s tim a te d  from the  growth param eters  d e r iv e d  from th e  L o g is t ic  growth 

e q u a t io n ,  w ere v e ry  s i m i l a r  to  th e  v a lu e s  fo u n d  i n  t h i s  s tu d y . 

However, h e r ! t a b i l i t i e s  f o r  the k param eter d e r iv e d  from Gcmpertz and 

B e r ta la n ffy  models gave h ig h e r  e s t im a te s . H e r i t a b i l i t y  e s tim a te s  f o r  

A, f o r  a l l  the  growth models used by th e se  a u th o rs ,  gave v a lu e s  very

These two s tu d ie s  d e riv e d  growth p a ram ete rs  from d i f f e r e n t  growth 

e q u a t io n  m o d e ls  and  u se d  th e  f u l l —s i b  m e th o d  f o r  e s t i m a t i n g  

h e r l L a b i l i t i e s .  T his could  be a  cause o f some o f th e  d if f e r e n c e  i n  th e  

e s tim a te s  o b ta in e d . There i s  a ls o  a  s p e c ie s  and method o f r e a r in g  

e f f e c t  in v o lv ed .

The h e r i L a b i l i ty  e s tim a te s  f o r  A and k w ere h ig h e r  th an  th e se  

found by Brown e t  a l .  ( 1972) u s in g  Brody* s model i n  c a t t l e .  However, 

th e  average o f th e  h e r ! L a b i l i t i e s  found by th e se  a u th o rs  f o r  k was very  

s im i la r .  DeNise and B rin k s  (1985) re p o r te d  e s t im a te s  o f h e r ! t a b i l i t i e s  

f o r  A, u s in g  Brody’ s and R ic h a rd s ' m odels, i n  c a t t l e  t h a t  w ere very  

s im ila r  to  th e  v a lu e s  found i n  t h i s  s tu d y , bu t t h e i r  e s t im a te  f o r  th e  

h e r ! L a b i l i ty  o f  k was sm a lle r .

The h e r ! L a b i l i ty  e s tim a te  f o r  EI was .1 5 . T h is low value su g g es ts  

th a t  the  d i r e c t  s e le c t io n  by EI would n o t produce a  r a p id  re sp o n se . No 

o th e r  r e p o r ts  i n  th e  l i t e r a t u r e  f o r  t h i s  type  o f in d ex  co u ld  be found .

each of these t r a i t s ,  re sp ec tiv e ly . The estim ates were s im ila r fo r

ATLB and fo r  ATWW. However, the d iffe rences were la rge  fo r estim ates
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H e r i t a b i l i t i e s  o f  th e  e s tim a te d  growth s t a t i s t i c s  w ere i n  g e n e ra l 

la r g e r  th an  th e  growth s t a t i s t i c s  found in  sheep ( S to b a r t ,  1983) and i n  

c a t t l e  ( F itz h u g h  and T a y lo r ,  1971; S m ith  e t  a l . , 1976) .  The 

h e r l t a b i l i t y  e s t im a te s  found by S to b a r t  (1983) t h a t  w ere  i n  c lo s e  

agreement to  th o se  found i n  t h i s  s tudy  were f o r  th e  12-18 mo i n t e r v a l .  

For AGR, RGB and AMR, th e  a u th o r  re p o r te d  .4 3 , .3 9 , and .32 which a r e  

alm ost id e n t i c a l  to  .4 4 , .40 and .33  found i n  th e  p re s e n t s tudy  fo r  

th e se  t r a i t s ,  r e s p e c t i v e l y .  The h e r l t a b i l i t y  e s t i m a t e s  f o r  th e

s t a t i s t i c s  i n  o th e r  i n t e r v a l s  were d i f f e r e n t  and d id  n o t fo llo w  th e  

same p a t te r n s .

The l a c k  o f  c lo s e  a g re e m e n t o f  S t o b a r t ' s  AMR h e r l t a b i l i t y  

e s tim a te s  w ith  th e  AMR v a lu e s  found i n  t h i s  study  m ight be due to  

com putational d if f e r e n c e  used i n  each case a s  n o ted  e a r l i e r .  The A 

v a lu es  used i n  c a lc u la t in g  AMR v a lu e s  f o r  th e  p r e s e n t  s tu d y  w ere  

o b ta in ed  by ap p ly in g  B ro d y 's  e q u a tio n  in d ep en d en tly  to  each  a n im a l 's  

s e t  o f  a g e -w e ig h t  d a t a .  S t o b a r t ' s  a p p r o a c h  w as b a s e d  o n  th e  

d e te rm in a tio n  o f  m ature s i z e ,  which co rresponds ro ugh ly  to  B ro d y 's  A 

v a lu e , u s in g  th e  mean o f  w eigh t d a ta  from 42 and 54 mo. These d a ta  

re p re se n te d  94 .9  and 97.6% o f  m ature mean w e ig h t, r e s p e c t iv e ly .  I h i s  

r e s u l t  i s  in  d isag reem en t w ith  th e  f in d in g s  i n  t h i s  s tudy  w here 97% o f 

m ature s iz e  was found a t  30 mo and 98% a t  36 mo o f age. M ature s iz e  

was reach ed  i n  R am b o u ille ts , Targhees and Columbias ap p ro x im ate ly  a t  39

mo, 38 mo and 41 mo, r e s p e c t iv e ly .

With r e s p e c t  to  th e  h e r l t a b i l i t y  e s t im a te s  o f  RB*, th e  d i f f e r e n t  

form ula used by S to b a r t  (1983) cou ld  be th e  re a so n  f o r  p a r t  o f  the  

d if f e r e n c e .  For «08, th e re  m igh t be th e  o th e r  c a u se s ; th e  sam ple I t s e l f
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and the d i f f e r e n t  model used f o r  the  e s tim a tio n  o f  the  g e n e t ic  and 

phenotyp ic  p a ram e te rs .

t l C—correl a ti ons,. G e n e tic  c o r r e la t io n s  between th e  most

im p o r ta n t  p r o d u c t iv e  t r a i t s ,  ATWW, ATFP, and E l, and th e  growth 

param eter A w ere .5 1 , .0 4 , and - .2 9 ,  r e s p e c t iv e ly .  The co rre sp o n d in g  

g e n e tic  c o r r e la t io n s  w ith  k were .0 0 4 , - .2 0  and .4 6 ,  r e s p e c t iv e ly .  The 

g e n e tic  c o r r e la t io n  between A and k was - . 68 , a  v a lu e  v e ry  s im ila r  to  

those  p re v io u s ly  re p o r te d  i n  o th e r  s p e c ie s :  mice ( E isen  e t  a l . , 1969) 

and c a t t l e  (Brown e t  a l . , 1972; DeNise and B rin k s , 1985).

The g e n e tic  c o r r e la t io n s  found between th e  p ro d u c tiv e  t r a i t s  and 

the growth p a ram ete rs  A and k in d ic a te  th a t  ewes w ith  a  h ig h e r  a d d i t iv e  

g e n e tic  p o te n t ia l  fo r  p ro d u c tio n  o f  Ian b  a t  w eaning (ATWW) w i l l  have an 

a d d it iv e  g e n e tic  p o te n t ia l  f o r  l a r g e r  m ature s i z e .  H ow ever, ewes 

s e le c te d  f o r  lamb p ro d u c tio n  (ATWW) would have n e i th e r  a  c o r r e la te d  

advantage nor d isad v an tag e  i n  t h e i r  g e n e tic  p o te n t ia l  f o r  m a tu r in g  

r a t e .  The sm all but p o s i t iv e  g e n e tic  c o r r e la t io n  between ATFP and A i s  

i n  agreem ent w ith  Turner and Young (1 969), b u t i s  c o n tra ry  t o  th e  

f in d in g  o f  S to b a r t  (1 9 8 3 ). The c o r r e la te d  e f f e c t  o f  s e le c t io n  f o r  

r a p id  m atu rin g  r a t e ,  k, would be a  r e d u c tio n  i n  m ature s iz e ,  h ig h e r  

lamb p ro d u c tio n  e f f ic ie n c y  ( E I ) , re d u c tio n  i n  g re a se  f le e c e  w e ig h t, but 

no e f f e c t  on a b s o lu te  w eigh t o f  lam bs weaned.

The d is a d v a n ta g e  o f u s in g  e i t h e r  A o r k a s  a  m ass s e le c t io n  

c r i t e r i a  r e s t s  on when i t  can be e s tim a te d . I t  would r e q u ir e  keep ing  

th e  an im als  u n t i l  they  reach  a d u l t  o r m atu re  s iz e s  which i s  to o  l a t e  

f o r  e f f e c t iv e  s e le c t io n .  However, s e le c t io n  on th e  b a s is  o f  AGR2 or 

BGR2 would p e rm it e a r ly  s e le c t io n  a t  12 mo. Both AGR2 and RGR2 have
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high g e n e tic  c o r r e la t io n s  w ith  ATWW (.86  and .9 5 ) and EI ( .6 3  and 

.7 7 ) .  AGR2 and RGR2 a lso  have r e l a t i v e l y  h igh g e n e tic  c o r r e la t io n s  w ith  

ATFP ( .3 8  and .3 9 ) .  The c o r r e la te d  re sp o n se s  from s e le c t io n  on th e

b a s is  o f  AGR2 o r RGR2 would be p o s i t iv e  fo r  th e se  t r a i t s  but would show 

l i t t l e  e f f e c t  on A.

G enetic  c o r r e la t io n s  among p ro d u c tiv e  t r a i t s  were a l l  p o s i t iv e .  

ATFP had low g e n e tic  c o r r e la t io n s  w ith  ATLBt ATLW and ATWW. ( .2 0 ,  .20 

and .27» r e s p e c t iv e ly ) .  ATLB was h ig h ly  c o r r e la te d  w ith  ATLW and ATWW 

(.91  and 1.13» r e s p e c t iv e ly ) .  The c o r r e la t io n  between ATLW and ATWW 

w as h ig h  ( 1 . 1 3 ) .  T h e re  w as p o o r a g re em e n t w ith  th e  g e n e t i c  

c o r r e la t io n s  re p o r te d  by S to b a r t  (1 983), p a r t i c u l a r ly  f o r  ATFP-ATLW, 

ATFP-ATWW and ATLW-ATWW which were - .4 4 ,  - .0 1  and .8 4 ,  r e s p e c t iv e ly .

The very  low p o s i t iv e  g e n e tic  r e l a t io n s h ip  o b ta in e d  between ATFP 

w ith  ATLB and ATLW c o n tr a d ic t s  th e  f in d in g  o f  a  l i f e t im e  p ro d u c tiv i ty  

s tu d y  i n  R a m b o u il le t  by S h e l to n  and  H e n z ie s  ( 1968) who f o u n d  

c o r r e l a t i o n s  o f  - . 1 3  and - .2 5  between th e se  t r a i t s ,  r e s p e c t iv e ly .  

However, th e se  c o r r e la t io n s  w ere v e ry  s im ila r  to  th ose  o b ta in e d  i n  th e  

p re sen t study  fo r  R am b o u ille ts . . Perhaps th e  e f f e c t  o f  th e  pooled  b reed  

a n a ly s is  c o n tr ib u te d  to  t h i s  r e s u l t  s in c e  R am b o u ille ts  were d i f f e r e n t  

from Targfcees and Colum bias i n  t h i s  s tu d y .

Very h ig h  g e n e tic  c o r r e la t io n s  between AGR, RGR and AMR i n  th e  

same i n t e r v a l s  su g g es ts  t h a t  RGR a n d (o r)  AGR v a lu e s  cou ld  be used 

advan tageously  f o r  e a r ly  s e le c t io n  in s te a d  o f AMR when s e le c t io n  f o r  

r a p id  m a tu r ity  i s  d e s ir e d . The g e n e tic  c o r r e la t io n s  between AGR, RGR 

and AMR w ith in  the  same i n t e r v a l s  re p o r te d  by S to b a r t  (1 9 8 3 ) w ere
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g e n e ra lly  lo w er. T h is was e s p e c ia l ly  t r u e  f o r  b i r t h  to  w eaning and 

b i r th  to  18 months i n t e r v a l s ,  where n e g a tiv e  e s t im a te s  w ere o b ta in e d .

G enetic  c o r r e la t io n s  re p o r te d  by S to b a r t  (1985) between g ro w th  

s t a t i s t i c s  and p ro d u c tiv e  t r a i t s  were g e n e ra lly  d i f f e r e n t  w ith  th e  

e s tim a te d  v a lu e s  i n  t h i s  s tu d y . Good agreem ent was found f o r  th e  

c o r r e l a t i o n s  o f  ATFP w ith  AGR2, HGR2 and AMR2 where th e  h ig h e s t  

p o s i t iv e  v a lu e s  w ere found i n  both s tu d ie s .  However, the  c o r r e la t io n s  

between th e  growth s t a t i s t i c s  w ith  th e  re p ro d u c tiv e  t r a i t s  ATLB, ATLW 

and ATWW were d i f f e r e n t  both i n  v a lu e s  and p a t te r n s .  The d if f e r e n c e  i n  

t h i s  case could  be due to  th e  f a c t  t h a t  S to b a r t  used d a ta  from ewes, 

some o f  which d id  no t com pleted t h e i r  l i f e t im e  p ro d u c tio n .

The g e n e tic  c o r r e la t io n s  o f  ATWW and E I w ith  th e  F itzhugh  and 

T aylor (1971) growth s t a t i s t i c s  s u g g e s t  t h a t  a  p o s i t i v e  a d d i t i v e  

g e n e tic  r e la t io n s h ip  e x i s t s  between growth i n  th e  w eaning to  12 mo 

p e rio d  and p ro d u c tiv e  perform ance. The g e n e t ic  c o r r e la t io n s  between 

th e se  growth s t a t i s t i c s  and ATFP w ere a lso  p o s i t iv e  but lo w er. From a 

p r a c t ic a l  p o in t o f  view , BGR i n  th e  w eaning to  12 mo i n t e r v a l  age 

should  be u se fu l in  s e le c t io n .

The p o s i t iv e  c o r r e la t io n  found between th e  growth s t a t i s t i c s  f o r  

weaning-12 mo in t e r v a l  w ith  ATWW and BI a p p ea rs  to  be based in  p a r t  on 

the  a n im a l 's  g e n e tic  c a p a c ity  fo r  overcom ing s t r e s s  a f t e r  w eaning and 

du rin g  th e  f a l l - w in t e r  growth p e rio d  and i t s  a s s o c ia t io n  w ith  a more 

e f f i c i e n t  l i f e t im e  p ro d u c tio n . However, th e  g e n e tic  c o r r e la t io n s  o f  EI 

w ith  the  growth d u rin g  the  b ir tb -w e a n in g  i n t e r v a l  were n e g a tiv e . T his 

l a t t e r  o b se rv a tio n  su p p o rts  th e  id e a  t h a t  e a r ly  growth from b i r th  to  

weaning should  n o t be u se d  a s  s e l e c t i o n  c r i t e r i a  f o r  s u b s e q u e n t



p ro d u c tiv i ty . S h e lto n  and H enziea (1968) in d ic a te d  a  p re fe re n c e  f o r  

u s in g  y e a r l in g  w eigh t a s  a  m easure o f th e  p ro d u c tiv e  p o te n t ia l  o f  th e  

ewes in s te a d  o f  w eaning w e ig h t.

Phenotyp ic  c o r r e la t io n s .  Ih e  p heno typ ic  c o r r e la t io n s  o b ta in e d  from 

the  pooled d a ta  (model C a n a ly s e s )  in d ic a te  r e l a t io n s h ip s  among t r a i t s  

due to  a  v a r ie ty  o f  f a c to r s  th a t  a f f e c t  th e  in d iv id u a l  an im al. The 

c o r r e la t io n s  between ATLW-ATFP ( .0 1 )  and ATWW-ATFP ( .0 4 )  in d ic a te  t h a t  

lamb p ro d u c tio n , under th e  ra n g e  c o n d i t i o n s  i n  w hich  th e s e  ewes 

produced t h e i r  lam bs, d id  n o t a f f e c t  t h e i r  ATFP. T h is re sp o n se  a g re e s  

w ith  B asuthakur e t  a l .  (1 973), but does n o t a g re e  w ith  S h e lto n  and 

Menzies ( 1968) .

S to b a r t  (1983) re p o r te d  p h en o ty p ic  c o r r e la t io n s  t h a t  w ere somewhat 

h ig h e r , b u t had the  same p a t te r n .  There were s u b s ta n t i a l  d i f f e r e n c e s  

between th e  c o r r e la t io n s  ATLB-ATFP and ATWW-ATFP. S to b a r t 's  v a lu e s  

were .13 and . 17, compared .02 and .0 4 , r e s p e c t iv e ly ,  found i n  t h i s  

s tu d y . A lso, th e  c o r r e la t io n  between EI and ATFP ( - .0 6 )  in d ic a te s  t h a t  

lamb p ro d u c tio n  r e l a t i v e  to  m ature s iz e  d id  n o t  a f f e c t  th e  e w e 's  

perform ance f o r  ATFP.

On th e  o th e r  hand, th e  c o r r e la t io n  o f  - .3 7  found between E I and A 

in d ic a te s  th a t  th e  m ost e f f i c i e n t  ewes te n d  t o  be s m a l l e r .  The 

e s tim a ted  g e n e tic  c o r r e la t io n  and th e  e s tim a te d  p h en o ty p ic  c o r r e la t io n  

between E I and A were s im i la r  ( - .2 9  and -.3 7 »  r e s p e c t iv e ly )  su g g e s ts  

th a t  p a r t  o f th e  r e l a t io n s h ip  between th en  may be due to  th e  e f f e c t  o f 

re p ro d u c tio n  i t s e l f .  P a r t  o f th e  re a so n  sm a lle r  s iz e  ewes produced more 

lamb a t  w eaning p e r  u n i t  o f  w e ig h t may be because t h e i r  p ro d u c tio n  

c o n tr ib u te s  to  sm a lle r  m ature s iz e s .  T his s u g g e s tio n  i s  re in fo rc e d  by

67
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th e  environm ental c o r r e la t io n  ( r e= - .4 2 )  found between th e se  two t r a i t s  

which in d ic a te s  th a t  the  environm ent conductive  to  a  h ig h  EI te n d s  to  

have a  n e g a tiv e  e f f e c t  on A.

P henotypic  c o r r e la t io n s  between growth s t a t i s t i c s  and p ro d u c tiv e  

t r a i t s  tended  to  have low n e g a tiv e  and p o s i t iv e  v a lu e s , from  - .1 4  to  

.2 4 . The lo w est v a lu e  co rresponded  to  th e  c o r r e la t io n  between ATFP and 

HGRS1 and th e  h ig h e s t  to  the  c o r r e la t io n  between AMRS w ith  ATWW and 

AMflS w ith  ATLW. Very low p o s i t i v e  v a lu e s  w ere observed  f o r  th e  

phenotypic  c o r r e la t io n s  between AGfl, HGR and  AMR i n  th e  i n t e r v a l  

weaning-12 mo w ith  a l l  th e  p ro d u c tiv e  t r a i t s .  S to b a r t  (1983) r e p o r te d  

e s tim a te s  w ith  s im ila r  p a t te r n s ,  w ith  d i f f e r e n c e s  m ainly in v o lv in g  the  

AMR r e la t io n s h ip s .

Pheno typ ic a l ly ,  the  r e l a t io n s h ip  between growth s t a t i s t i c s  b e fo re  

18 mo of age and th e  p ro d u c tiv e  t r a i t s  had low v a lu e s . C o r re la t io n s  

in v o lv in g  AMR tended  to  be s l i g h t l y  h ig h e r , but AGRS ap p ea rs  to  have 

g re a te r  p r a c t i c a l  a p p l ic a t io n  f o r  e a r ly  s e le c t io n  o f an im a ls  w ith  a 

p h e n o ty p ic  p o t e n t i a l  f o r  s u b s e q u e n t  p r o d u c t io n .  H ow ever, th e  

pheno typ ic  c o r r e la t io n  o f AGflS w ith  E I in d ic a te s  th a t  an im als  s e le c te d  

on th e  b a s i s  o f  t h a t  c r i t e r i a  would n o t be n e c e s s a r i ly  th e  most 

e f f i c i e n t  and a ls o  would ten d  to  be o f  l a r g e r  m ature s i z e s .  The most 

p r a c t ic a l  growth s t a t i s t i c  i n  p heno typ ic  te rm s a p p ea rs  to  be AGR2 which 

has no n eg a tiv e  c o r r e la t io n s  w ith  the  p ro d u c tiv e  t r a i t s  and a ls o  i t s  

c o r r e la t io n  w ith  EI i s  p o s i t iv e  ( . 17) .

S e le c t io n  ln d ey es

S e le c t io n  in d ex es  w ere d e riv e d  u t i l i z i n g  th e  grow th p a ram e te rs  A 

and k o r the  grow th  s t a t i s t i c s  t h a t  showed th e  h i g h e s t  g e n e t i c
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c o r r e la t io n s  w ith  e i t h e r  ATtfW o r  E l. In  some in d e x e s , ATFP was a ls o  

in c lu d e d . The among s i r e s  and w i th in  s i r e s  v a r ia n c e  and co v arian ce  

com ponents from  w h ich  th e  g e n e t i c  an d  p h e n o ty p ic  v a r i a n c e s  and  

co v a rian ces  used i n  th e  developm ent o f  th e  in d e x es  a r e  shown i n  th e  

Appendix T ab les 50 and 51.

T a b le  20 p r e s e n t s  t h e  22 in d e x e s ,  t h e i r  r e s p e c t iv e  s ta n d a rd  

d e v ia t io n  and ex p ec ted  re sp o n se s  to  s e le c t io n  r e l a t i v e  to  s e le c t io n  f o r  

th e  s in g le  t r a i t s  ATWW o r E l. The in c lu s io n  o f  A and k , in  in d e x  two, 

in c re a se d  the  accu racy  o f s e le c t io n  f o r  ATWW; 1745. From th e  o th e r  

in d ex es , fo r  ATWW th a t  in c lu d e d  A a n d (o r)  k , i t  was o b serv ed  t h a t  th e  

most i n f l u e n t i a l  p o s i t iv e  e f f e c t  was due to  A. The in f lu e n c e  o f ATFP 

when in c lu d e d  gave more advantage th a n  th e  in c lu s io n  o f  k. When AGR2 

and RGR2 w ere in c o rp o ra te d , in d e x  n in e ,  a  v e ry  s i g n i f i c a n t ,  380% 

response  was o b s e rv e d . compared to  th e  use o f mass s e le c t io n  f o r  ATWW 

alo n e . The m ost i n f l u e n t i a l  e f f e c t  i n  th a t  re sp o n se  was due to  RGR2.

The i n c l u s i o n  o f A and k i n  th e  in d e x es  d e riv e d  f o r  BI gave 

l im i te d  ad v an tag e , o n ly  21% f o r  in d ex  13. Thus, th e re  a p p e a rs  to  be no 

p r a c t ic a l  use f o r  A and (o r )  k a s  components f o r  an in d e x  o f  s e le c t io n  

fo r  e f f ic ie n c y .  The e f f e c t s  o f AGR2 and RGR2 on th e  a c c u ra c y  o f  

s e le c t io n  fo r  EI was more b e n e f ic ia l  th an  A and k . Index  20 shows an 

advantage o f  117%, which r e p r e s e n ts  a  s u b s ta n t i a l  in c re a s e  i n  ex p ec ted  

response  o f E l.

When ATFP was in c lu d e d  i n  th e  in d e x es  f o r  ATWW and E l, th e re  was a  

very  s l i g h t  p o s i t iv e  e f f e c t .  T h is f in d in g  shows th a t  th e  i n f l u e n t i a l  

e f f e c t s  o f  ATFP on r e p r o d u c t i v e  p e rfo rm a n c e  a r e  a t  l e a s t  n o t 

a n ta g o n is t ic .
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TABLE 20. DERIVED SELECTION INDEXES FOR THE ANALYSIS OF THE EFFECT 
A, k, AGR2 AND RGR2 CN THE IMPROVEMENT OF AVERAGE TOTAL OF WEIGHT 
LAMBS WEANED (ATWW) AND EFFICIENCY INDEX (E I) BY SELECTION

OF
OF

N T r a i t Index Indexa S in g le b r e l a t i v e 0
-■ ' ' s ta n d a rd  t r a i t  re sp o n se

d e v ia t io n  resp o n se

1
2
3
4
5
6
7
8 
9

10
11

12
13
14
15
16
17
18
19
20 
21 
22

ATWW
. I 02ATWW+.292ATFP+.278A+30.0 Ik 
•105ATWW+.286A+30.1 5k 
.113ATWW+.222A 
.107ATWW-.3.22k 
.093ATWW+I .09ATFP
.076ATWW+I .76ATFP-6.33AGR2+676RGR2 
.088ATWW+.512TFP+6.03AGR2 
.0 85ATWW+.8 3 1ATFP+350 RGR2 '
. O 96 ATWW-4.4  3 AG R2+5 82 RG R2 
.093ATWW+6.09AGR2 
.094ATWW+352RGR2 

EI
. I 29EI+.0 I 4ATFP+.0006A+.764k 
.131E I+ .001 A+.785k 
.147EI-.0005A  
.123EI+.670k 
.157EI+.013ATFP
.131EI+.019ATFP-.196AGR2+15.13RGR2
.151EI+.005ATFP+.079AGR2
.144EI+.008ATFP+4.99RGR2
. 12 9 E I-. 175AGR2+14 . 11RGR2
.150EI+.080AGR2
.142EI+5.02RGR2

22.72
62.56 2.75
62.32 2 .74
59 .12 2.60
40.12 1 .76
43.80 1.93

111.48 4 .90
101.24 4.45
108.72 4.75
109.16 4.80
100.88 4 .44
107.80 4.71S

1.02 1.23
1.00 1.21

.85 1.03

.98 1 .19

.88 1.06
1.82 2 .2 0
1.48 1 .79
1.66 2.01
1.79 2 .17
1.48 1 .79
1.66 2.01

fln d e x  s ta n d a rd  d e v ia t io n :  aT 
0T r a l t  re sp o n se : i h 2a 1
cR e la tiv e  resp o n se  o fPlndex  u se : ic r j / lh 2(jp (F a lc o n e r, 1981)
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A d d itio n a l in d ex es  w ere e s tim a te d  f o r  th e  s im u ltaneous improvement 

o f ATWW, ATFP and E l .  These in d e x es  a re  p re sen te d  i n  Table 21. In  t h i s  

s e t  o f  in d ex es  ( I  to  8 , excep t 4 ) ,  AGR2 was found to  have a  h ig h  

p o s i t iv e  in f lu e n c e  on the  s im u ltan eo u s  improvement o f th e  th re e  t r a i t s .  

AGR2 e x p la in e d  a p p ro x im a te ly  60# o f  th e  v a r ia n c e  o f th e  a g g reg a te  

genotypes th a t  in c lu d e d  th e se  t r a i t s .  In c lu s io n  o f AGR2, w ith  RGR2, 

r e s u l te d  i n  an a d d i t io n a l  10# in  accu racy .

The p o o re s t e f f i c i e n c i e s  w ere  o b s e r v e d  f o r  th e  s im u l ta n e o u s  

improvement o f  ATFP and E I ( in d ex es  4 and 9 ) .  In  th e se  c a s e s , AGR2 

alone (in d ex  9) o r combined w ith  SGR2 ( in d e x  4 ) gave  th e  h i g h e s t  

e f f i c i e n c ie s  (R^=.18 ) .  BGR2 when c o n sid e red  a lo n e  ( in d e x e s  10 to  13) 

had a  very  low o r a lm ost n u l l  e f f e c t  (from  R2s e OOS to  .0 1 )  on th e  

improvement o f ATWW, ATFP an d  E I o r  t h e i r  c o m b in a t io n  i n  p a i r s .  

In c lu s io n  o f  ATFP a s  component i n  two o f th e  in d e x es  (5 and 18) fo r  th e  

improvement o f  ATWW and E I r e s u l t e d  i n  an  In c re a s e  o f alm ost 5# in  R2 

when a s s o c ia te d  w ith  AGR2 and RGR2, and 20# when ATFP was in v o lv ed  

a long  w ith  A and k .

Depending on th e  o b je c t iv e s  o f  s e le c t io n ,  Indexes f o r  im proving  a  

s in g le  t r a i t  o r the  com bination  o f s im u ltan eo u s  t r a i t s  would r e q u i r e  

c e r ta in  s p e c i f i c  growth t r a i t s  f o r  m axim izing th e  ex p ec ted  re sp o n se  to  

s e le c t io n .  In  the  case o f  s in g le  t r a i t  in d e x e s , RGR2 proved to  be the 

most u s e f u l ;  however, when more th an  one t r a i t  was th e  o b je c t iv e  o f 

improvement AGR2 was th e  m ost advan tageous.

In  g e n e ra l , th e  c o n tr ib u t io n  o f  A and k was sm all in  th e s e  two 

s e t s  o f in d e x e s . T h e ir  l a t e  a v a i l a b i l i t y  f o r  s e le c t io n p u rp o ses
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N T r a i t s  Index
to  be 
Improved

Index  A ggregated A ccuracy 
v a ria n c e  genotype

V arian cea R^a

1 ATWW, ATFPt EI
2 ATWWt ATFP
3 ATWW, EI
4 ATFPt EI
5 ATWW, EIb
6 ATWW, ATFPt EI
7 ATWW, ATFP
8 ATWW, EI
9 ATFP, EI
10 ATWW, ATFP, EI
11 ATWW, ATFP
12 ATWW, EI
13 ATFP, EI
14 ATWW, ATFP, EI
15 ATWW, ATFP
16 ATWW, EI
17 ATFP, EI
18 ATWW, EIb

-4.08AGR2+591RGR2
-3.89AGR2+576RGR2
-4.32AGR2+587BGR2

• 044AGR2+19.6RGR2
- 6 .1 5AGR2+677BGR2+1. 65ATFP 
6 . 60AGR2 
6.52AGR2 
6.29AGR2 
•398AGR2 
7.338082 
7.23RGR2 
7.00RGR2
• 422RGR2 
.287A+36.9k 
.287A+36.0k 
.292A+40.3k

-.005A -2 .4k
.246A+37.5k+1.67ATFP

11914 16622 .72
11578 16216 .71
10936 15480 .71
38.83 209.1 .18
11677 15480 .75
10123 16622 .61

9878 16216 .61
9172 15480 .59

36.87 209.1 .18
225.1 16622 .01
219.1 16216 .01
205.7 15480 .01
.7459 209.1 .003
2271 16622 .14
2273 16216 .14
2356 15480 .15

.571 209.1 .01
3103 15480 .20

aMethod o f  e s tim a tio n  a s  p re se n te d  by F a lco n er (1981)

to 1U ts s r ^ i s 1?lyT u r : s ^ i ^ r . r 9 ? . ln3tead o f Airp due
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C onceptual a n a ly s is  o f  r e s u l t s .

From th e  g e n e tic  a n a ly s is  o f  a l l  th e  in fo rm a tio n  i n  t h i s  s tu d y , 

seme s p e c u la tio n  could  be made i n  term s o f the  p o s s ib le  b io lo g ic a l  

b a s is  o f  th e  r e la t io n s h ip  found between growth i n  th e  i n t e r v a l  weaning 

to  12 mo and re p ro d u c tiv e  e f f ic ie n c y .

The p a r t i c u l a r  response  could  be a  s e le c t iv e  e f f e c t  o f  season  

fa v o r in g  a s p e c i f ic  geno type. The i n t e r v a l ,  w eaning to  12 mo, i s  

Im portan t from an a d a p tiv e  p o in t o f  view fo r  th e  p o p u la tio n . A fte r 

weaning, th e  an im als  beg in  to  depend on th e m se lv e s  and  i t  i s  th e  

in te r v a l  when pub erty  o c cu rs . As th e  an im als  a r e  r a i s e d  on th e  ra n g e , 

growth from w eaning to  12 mo m o stly  o ccu rs  under th e  h a rsh  e f f e c t s  o f

w in te r , c a p a c ity  fo r  e f f i c i e n t  w in te r  growth sho u ld  be a  v e ry  im p o rtan t 

c h a r a c te r i s t i c .

An analogy between growth perform ance from w eaning to  12 mo and 

subsequen t annual re p ro d u c tiv e  e f f ic ie n c y  could  be made. Almost h a l f  

o f  g e s t a t i o n  o c c u r s  i n  w in te r .  T h is  p resu p p o ses  t h a t  a s  n a tu r a l  

s e le c t io n  h a s  alw ays s e le c te d  the  p o p u la tio n  tow ards th e  id e a l  f i t n e s s  

f o r  t h i s  p a r t i c u l a r  environm ent and th a t  re p ro d u c tiv e  perform ance i s  

th e  main t r a i t  a f fe c te d  by n a tu ra l  s e le c t io n .  I t  i s  p o s s ib le  th a t  the  

e f f e c t  o f  n a t u r a l  s e le c t io n  on achievem ent o f  g e s ta t io n  d u rin g  an 

a lw ay s  r e p e a te d  e n v iro n m e n ta l  e v e n t  ( w i n t e r ) ,  h a s  d e v e lo p e d  a 

c o r r e la te d  resp o n se  on growth s p e c i f i c a l ly  from w eaning to 12 mo o f age 

(sou rce  o f g e n e tic  c o r r e la t io n ) .

fu r th e r  l im it  th e ir  use in  programs of se le c tio n  as p re d ic to r s  o f

genetic  p o ten tia l for productive e ffic ien cy .



74

W inter env ironm enta l c o n d itio n s  In  Montana a re  h a rsh . S u ccess fu l 

growth and re p ro d u c tiv e  perform ance cou ld  a lso  be co n sid e red  a  c a p a c ity  

f o r  overcoming s t r e s s .  S t r e s s  and a d a p ta b i l i ty  a re  two o p p o s ite  term s 

th a t  e v a lu a te  the  same th in g . I t  ap p ea rs  th a t  l i f e t im e  perform ance i s  

a  c o n ju g a te  o f two g e n e tic  components; one r e l a t e d  to  th e  g e n e tic  

p o te n t ia l  c a p a c ity  f o r  p ro d u c tio n  and the o th e r  r e l a t e d  to  th e  g e n e tic  

c a p a c i ty  f o r  overcom ing th e  p e r io d ic a l  s t r e s s  produced by sea so n a l 

env ironm ental changes. The re p ro d u c tiv e  r e q u i r e m e n ts  a l s o  h a v e  a 

s e a s o n a l  o n s e t .  I n  t h i s  s i t u a t i o n ,  th e  s u p e r io r i ty  o f tw inn ing  

a b i l i t y ,  i n  te rm s o f  l i f e t im e  e f f ic ie n c y ,  could  be a s s o c ia te d  w ith  the  

c a p a b i l i ty  fo r  overcom ing s t r e s s .

P rice  (1985) s t a t e s  t h a t  th e re  e x i s t s  an  e v o lu tio n a ry , a s  w e ll  a s  

o n to g en ic , d e te rm in an t i n  th e  re sp o n se  to  s t r e s s .  In  e v o lu t io n a ry  

term s, n a tu ra l  s e le c t io n  would te n d  to  red u ce  th e  s t r e s s f u l  e f f e c t s  o f  

c e r ta in  c o n d itio n  th a t  a f f e c t s  a  g iven  p o p u la tio n  g e n e r a t io n  a f t e r  

g e n e ra tio n . In  th e  case o f  sheep under range c o n d itio n s  o f  Montana, 

the  on ly  a l t e r n a t iv e  f o r  t h e i r  s u rv iv a l  was to  have g e s ta t io n  d u rin g  

w in te r .  T h is c a p a b i l i ty  a lre a d y  e x is te d  i n  d o m estica ted  sheep  when 

in tro d u c e d  to  U nited  S ta te s  from Europe. I f  we c o n s id e r  th e  b io lo g ic a l  

n eed s  o f  sh ee p  f o r  s u r v i v a l ,  i t  w i l l  be d i f f i c u l t  to  f in d  o th e r  

a l t e r n a t iv e s  w ith o u t s u b s t a n t i a l  a l t e r a t i o n  o f  th e  e n v iro n m e n ta l  

c o n d itio n s . U nd esirab le  e f f e c t s  o f  h igh  te m p e ra tu re s  d u rin g  g e s ta t io n  

i n  ewes ( T hw aites , 1985) a p p a re n tly  h as  an e v o lu tio n a ry  e f f e c t .

P e rh a p s  th e  same g e n e tic  c h a r a c t e r i s t i c  e x i s t in g  i n  tw in s  f o r  

overcoming s t r e s s  a ls o  e x i s t s  i n  the  group o f s in g le s .  One way to
V

observe  i t  would be th e  e v a lu a tio n  o f  t h e i r  r e l a t i v e  growth r a t e  from
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weaning to  12 mo o f ag e . Moberg (1985) s t a t e s  th a t  I n  each ev en t i n  

which s t r e s s f u l  c o n d itio n s  tak e  p lace  h o m eo stas is  i s  compromised. The 

a c t iv e  fu n c tio n  o f the  c e n t r a l  nervous system  (CNS) d i c t a t e s  which o f 

th e  p h y s io lo g ic a l system s must respond  to  m a in ta in  h o m e o sta s is . Maybe 

the  a b i l i t y  o f c e r t a in  an im als  f o r  a  f a s t  and ad eq u a te  re sp o n se  or 

e f f i c i e n t  f u n c t i o n i n g  o f  CNS under s t r e s s  g iv e  them a cum ula tive  

s u p e r io r i ty  i n  t h e i r  l i f e t im e  p ro d u c tiv e  perfo rm ances. T h is approach 

g iv e s  an ap p a ren t e x p la n a tio n  to  th e  a s s o c ia t io n  between th e  "index  o f  

C ep h a liz a tio n » and lo n g e v ity  su g g es ted  by Comfort (1961).

G enetic  a d a p ta b i l i t y  r e l i e s  i n  la rg e  p a r t  on g e n e tic  e f f e c t s  o th e r  

th an  a d d i t iv e .  Dobzhansky (1951) in d ic a te d  th a t  h e te ro z y g o te s  have 

a d a p tiv e  s u p e r io r i ty  over hom ozygotes, which i s  th e  e s s e n t i a l  c o n d itio n  

f o r  the e s ta b lish m e n t o f ba lanced  polym orphism s. A lso, L e rn e r ( I 95U) 

r e f e r s  to  th e  h ig h e r  p l a s t i c i t y  o f  h e te ro z y g o te s . I h i s  means t h a t  i f  

th e re  e x i s t s  a d d i t iv e  g e n e tic  v a r i a b i l i t y  f o r  d e a lin g  w ith  s t r e s s ,  i t  

would be a t  a  very  low l e v e l .  The low a d d i t iv e  v a r i a b i l i t y  found i n  

the  breed hav ing  th e  h ig h e s t  p e r fo rm a n c e s  (T a r g h e e s )  w ould  g iv e  

ap p aren t su p p o rt to  t h i s  s p e c u la t io n .
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SUMMARY AND CONCLUSIONS

Under th e  range c o n d itio n s  o f  Montana, Targhee eves w ere m ore 

e f f i c i e n t  i n  l i f e t im e  p ro d u c tio n  (E I) th a n  R am bouille t and Columbia 

ewes. Columbias w ere the  p o o re s t in  p ro d u c tiv e  e f f ic ie n c y ,  b u t had th e  

h ig h e s t g rease  wool p ro d u c tio n . Ewes rem ain ing  i n  th e  f lo c k  lo n g e r  (6 

y r )  showed th e  h ig h e s t  average  y e a r ly  perform ances f o r  a l l  p ro d u c tiv e  

t r a i t s .  A pparen tly , t h i s  advantage was due to  s e le c t io n .

Ages a t  m a tu r ity  were ap p ro x im a te ly  39 mo, 38 mo and 41 mo f o r  

R am b o u ille ts , Targhees and C olum bias, r e s p e c t iv e ly .  R am b o u ille ts  had 

the  s m a lle s t  m ature s iz e  and Columbias the  s lo w e s t m a tu r in g  r a t e .  

M atu re  s i z e s  w ere  7 0 .0 4 ,  72 .42  and 73.11 kg f o r  th e  R am b o u ille t, 

Targhee and Columbia b re e d s , r e s p e c t iv e ly .  T argbees had th e  f a s t e r  

m atu rin g  r a t e s  (k ) fo llow ed  by R am b o u ille ts . Columbia ewes w ere th e  

s lo w est growing group.

Ewes rem ain in g  i n  th e  f lo c k ,  u n t i l  they  had 4 and 5 re p ro d u c tiv e  

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

s ig n i f i c a n t .  M aturing r a t e  (k ) in  th e  f iv e - r e c o r d  group o f  ewes was 

s ig n i f i c a n t ly  s low er. Phe no ty p ic a l ly ,  the s lo w er m a tu rin g  r a t e  cou ld  ' 

be ex p la in ed  by th e  h ig h e r  r a t e  o f p ro d u c tio n  i n  th e  f iv e - r e c o r d  group.

There were b reed  d i f f e r e n c e s  i n  g ro w th  r a t e s  d u r in g  a l l  th e  

i n t e r v a l s  p rev io u s  to  18 mo o f age (b ir th -w e a n in g , weaning-12 mo, 12-18 

mo, b i r t h -12 mo and b ir th -1 8  mo). R am b o u ille ts  had f a s t e r  grow th i n  

th e  i n t e r v a l  w e a n in g -12  mo i n t e r v a l ,  b u t T a rg h e e s  and Colum bias 

e x c e lle d  i n  th e  12 to  18 mo i n t e r v a l .
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H e r i ta b i l i ty  e s tim a te s  from th e  pooled d a ta  s e t  were .4 3 ,  .3 3 , 

. 11, . 68 , .4 2 , .56 and .15 f o r  th e  average number o f  lambs born , number 

o f lambs weaned, w eigh t o f  lamb weaned, f le e c e  w e ig h t, m ature s iz e ,  

m atu ring  r a t e  and e f f ic ie n c y  in d e x . The h ig h e s t  h e r ! t a b i l i t i e s  f o r  th e  

growth s t a t i s t i c s  (AGR, RGR and AMR) were observed  i n  w eaning to  12 mo 

in t e r v a l .

G enetic  c o r r e la t io n s  between p ro d u c tiv e  t r a i t s  and Brody’ s  growth 

p aram eters  A and k d e riv e d  from the  pooled d a ta  s e t  in d ic a te d  th a t  ewes 

w ith  h ig h e r a d d i t iv e  g e n e tic  p o te n t i a l  fo r  weaned lamb p ro d u c tio n  w i l l  

a ls o  have g e n e tic  p o te n t ia l  f o r  l a r g e r  m ature s i z e s .  However, ewes 

s e le c te d  f o r  h igh  a d d i t iv e  g e n e tic  p ro d u c tio n  p o te n t ia l  fo r  lambs a t  

weaning would show no c o r r e la te d  e f f e c t  f o r  m a tu rin g  r a t e .  In  te rm s o f  

e f f ic ie n c y  (E l) ,  the  o p p o s ite  o c c u rs . Ewes w ith  g e n e tic  p o te n t ia l  f o r  

l a r g e r  m ature s iz e s  (A) ten d ed  to  have low er e f f ic ie n c y ,  but f a s t e r  

m atu ring  r a t e s  (k ) .

G en etic  c o r r e la t io n s  o f  ATFP w ith  A and k w ere low in d ic a t in g  t h a t  

in c re a se d  m ature s iz e  w i l l  n o t a f f e c t  ATFP and th a t  f a s t e r  m a tu rin g  

r a t e  (k) w i l l  tend  to  s l i g h t ly  reduce ATFP. Growth s t a t i s t i c s  f o r  

w ean in g  t o  12 mo o f  a g e  i n t e r v a l  showed th e  h i g h e s t  g e n e t i c  

r e la t io n s h ip s  w ith  th e  subsequen t p ro d u c tiv e  t r a i t s  i n  th e  ewes, as  

w e ll a s  re p ro d u c tiv e  e f f ic ie n c y .  The RGR growth s t a t i s t i c ,  i n  the 

w ean in g  to  12 mo i n t e r v a l ,  a p p e a rs  to  be th e  most e f f i c i e n t  and 

p r a c t ic a l  f o r  s e le c t iv e  p u rp o ses .

Indexes o f  s e le c t io n  f o r  ATWW which in c lu d e  RGR2 gave th e  h ig h e s t  

r e l a t i v e  resp o n se  to  s e le c t io n  compared to  m ass s e le c t io n  f o r  ATWW. 

The advantage was 380% g r e a te r  s e le c t io n  re sp o n se  p e r g e n e ra tio n . When



EI was the  t r a i t  o f i n t e r e s t ,  growth param ete rs  A and k showed no 

p r a c t i c a l  advantage i n  th e  in d e x e s , however AGR2 and RGR2, e s p e c ia l ly  

BGR2, produced a  s ig n i f i c a n t  improvement on the  e x p ec te d  s e l e c t i o n  

response  o f 117%. T h is in d ic a te s  a  p o s s ib le  p r a c t i c a l  use i n  s e le c t io n  

f o r  e f f ic ie n c y .  ATFP showed a  sm all p o s i t iv e  e f f e c t  when in c lu d e d  in  

th e  in d ex es  f o r  im proving  th e  accu racy  fo r  s e le c t io n  f o r  e i t h e r  ATW or 

El.
Twins r a i s e d  a s  tw in s  ten d ed  to  grow slow er up to  w eaning th a n  d id  

s in g le s  r a is e d  a s  s in g le s  and tw in  r a is e d  a s  s in g le s ,  b u t they  grew 

f a s t e r  i n  th e  w eaning to  12 mo i n t e r v a l .  Twins had s m a lle r  m ature 

s iz e s  than  s in g le s  and slow er m a tu rin g  r a t e s .  Ewes born  tw ins produced 

2.2  kg more lamb a t  w eaning each  y e a r ,  on th e  a v e rag e , th an  ewes born 

s in g le s ,  and they  had th e  h ig h e s t  p r o d u c t iv e  e f f i c i e n c y  in d e x e s .  

However, they  produced .1 kg l e s s  g rea se  f le e c e  w e ig h t y e a r ly  th an  ewes 

born s in g le s .

The g e n e tic  r e l a t io n s h ip s  between growth d u rin g  th e  i n t e r v a l  from 

w eaning to  12 mo and the  p ro d u c tiv e  t r a i t s  and e f f ic ie n c y  su g g e s t t h a t  

p r o d u c t iv e  l i f e t i m e  e f f ic ie n c y  could  be im proved by s e le c t in g  f o r  

growth d u rin g  th a t  p e r io d  i n  th e  a n im a l 's  l i f e .

Some co n cep tua l id e a s  w ere put f o r th  re g a rd in g  p o s s ib le  b io lo g ic a l  

b a s is ,  i n  a d d i t io n  to  l in k a g e  and p le io tro p h y  w hich may c o n tr ib u te  to  

th e  g e n e tic  c o r r e la t io n s  o b ta in e d  between growth i n  th e  w eaning t o  12 

mo in te r v a l  and l i f e t im e  p ro d u c tiv e  e f f ic ie n c y .  T h is in v o lv e d  th e  

e f f e c t  o f  sea so n a l s t r e s s  d u rin g  th e  w in te r  p e r io d  fo llo w in g  w eaning to  

which each group o f  young ewes were s u b je c te d . I t  i s  i n  t h i s  p e r io d  

when th e  young ewes beg in  to  depend on t h e i r  own a b i l i t y  to  fo rag e  f o r

78
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food and i t  i s  the  p e r io d  when p u b e rty  norm ally  o c c u rs . Thus, i t  i s  an  

im portan t developm ental p e r io d , r e q u ir in g  th e  a b i l i t y  to  ad ap t to  a 

b io lo g ic a l ly  s t r e s s f u l  s i t u a t io n .  The c a p a c ity  to  grow under th e se  

c o n d itio n s  was c o n sid e red  a  good m easure o f  a d a p ta b i l i t y .  Twin born 

ewes may undergo an  even g r e a te r  s t r e s s  th an  s in g le s .  The genotypes 

a s s o c ia te d  w ith  t h i s  a d a p tiv e  a b i l i t y  ex p ressed  a s  growth re sp o n se , may 

a lso  be the genotypes th a t  a f f e c t  re p ro d u c tiv e  f i t n e s s .  The an im a ls  

th a t  a re  a b le  to  respond  fa v o ra b ly  to  th e  e a r ly  s t r e s s  o f  th e  w eaning 

to  12 mo p e rio d  a p p a re n tly  a re  a ls o  a b le  to  p roduce w e ll l a t e r  i n  l i f e .
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APPENDIX

TABLE 22. AVERAGES, VARIATION AND RANGES OF LIFETIhE AVERAGE OF TOTAL 
NUMBER OF LAMBS BORN (ATLB) FOR EWE GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d a rd  Coef. o f  Lowest H ig h est
reco rd s d e v ia t io n  v a r i a t i o n

R an b o u ille t 3 74 1.28 .366 28 .65 .33 2.00
4 64 1 .39 .284 20.40 .75 2.00
5 164 1.46 .299 20.48 .60 2.20

Targhee 3 74 1.38 .388 28 .12 .67 2.33
4 47 1.34 .356 26.43 .25 2.00
5 217 1.52 .312 20.50 .80 2.20

Columbia 3 54 1.23 .398 32.39 .67 2.00
4 21 1.20 .444 36.97 .50 2 .25
5 100 1.47 .302 20.48 .80 2.40

TABLE 23. AVERAGES, VARIATION AND RANGES OF LIFETIME AVERAGE 
TOTAL NUMBER OF LAMBS WEANED (ATLW) FOR EWE GROUPS WITHIN

OF THE 
BREEDS

Breed Number of 
reco rd s

N Average S tan d ard  Coef. o f 
d e v ia t io n  v a r i a t i o n

Lowest H ig h es t

R am boullle t

Targbee

3 74 1.01 .407 40.14 .00 2.00
4 64 1.16 .322 27.78 .50 1 .75
5 164 1.25 .300 24.00 .40 2.00

3 74 1.12 .350 31 .32 .33 2.00
4 47 1.19 .332 27.96 .25 2.00
5 217 1.33 .312 23.45 .60 2.00

3 54 .90 .409 . 45.67 .00 2.004 21 .93 .364 39 .15 .50 1.75
5 100 1.27 .271 21.24 .80 1.80

Columbia
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TABLE 24. AVERAGES, VARIATION AND RANGES OF LIFETIME AVERAGE OF THE
TOTAL OF KILOGRAMS OF LAMBS WEANED (ATWW) FOR EWE GROUPS WITHIN BREEDS

Breed Number of N Average S tan d ard Coef. o f Lowest H ig h est
reco rd s d e v ia t io n  v a r i a t io n

R am bouille t 3 74 38.40 14.84 38.74 .00 71.40
4 64 44.07 11.82 26.82 16.25 68 .18
5 164 47.90 11.20 23 .39 17.54 80.48

Targhee 3 74 45.44 12.87 28.33 14.83 79.404 47 48 .32 13.37 27.68 9.10 68 .9 8
5 217 54.17 11.90 21.98 24.82 84.12

Columbia 3 54 36.65 16.63 45.37 .00 78 .174 21 37.58 13.21 35 .14 18.08 70 .35
5 100 50.72 11.05 21 .79 26.62 72.92

TABLE 25. AVERAGES, VARIATION AND RANGES ' OF LIFETIhE AVERAGE OF 
KILOGRAMS OF GREASE FLEECE PRODUCED (ATFP) FOR EWE GROUPS WITHIN BREEDS

B reed Number o f N Average S tan d ard  Coef. o f  Lowest H ig h est

R am bouille t

Targhee

3 4 .3 2  , .48 11.17 3 .32 5 .584 64 4 .52 .52 • 11.43 3 .20 5 .98
5 164 4 .54 .48 10.64 3.62 6 .40

3 74 4 .6 5 .56 12.12 3 .45 5 .804 47 4 .8 2 .61, 12.73 3 .3 2 6.10
5 217 4 .86 .55 11.28 3.51 6 .3 8

3 54 4 .82 .64 13.35 3.00 6 .0 84 21 4.97 .85 17.09 2 .84 6 .2 45 100 5 .19 .60 11.55 3 .70 6 .55

Columbia
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TABLE 26. AVERAGES, VARIATION AND RANGES OF MATURE SIZE (A) FOR EWE
GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d a rd  Coef. o f Lowest H ig h est 
re co rd s  d e v ia t io n  v a r i a t io n

R am boullle t 3 74 69 .55 6.64 9 .55 53.62 84.81
4 64 71 .36 7.1 9.99 56.88 89.35
5 164 71.56 5 .49 7 .67 58.15 85.79

Targhee 3 74 72 .95 8.35 11.45 56.11 96.84
4 47 72 .96 7 .30 10.01 58.85 94.45
5 217 74 .25 6.78 9 .14 58.57 93.70

Columbia 3 54 74.53 9.70 13.01 54 .24 98.76
4 21 75 .72 5 .38 7 .10 64.61 86.06
5 100 73.56 6.31 8 .5 8 59 .12 93.38

TABLE 27. AVERAGES, VARIATION AND RANGES OF BRODY’S CONSTANT OF 
INTEGRATION (B) FOR EWE GROUPS WITHIN BREEDS

Breed

R am boulllet

Targhee

tber
lords

of N Average S tandard  Coef. o f 
d e v ia t io n  v a r i a t io n

Lowest H ig h est

3 74 62.52 5.84 9 .35 47.92 76.50
4 64 63.36 5.97 9.42 51.45 78 .29
5 164 63.90 4 .84 7 .5 8 53.22 77 .87

3 74 65 .54 7 .2 8 11.11 49.61 85.45
4 47 65 .45 6 .74 10.29 52.71 86.63
5 217 66.16 . 6 .14 9 .28 54 .64 85.82

3 54 66.45 8 .50 12.81 51.17 86.85
4 21 67.20 4.51 6 .7 2 56.65 74.80
5 100 65.46 5.55 8 .4 8 52 .58 82.15

Columbia
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TABLE 28. AVERAGES, VARIATION AND RANGES OF MATURING RATE (K) FOR EWE
GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d ard Coef. o f Lowest H ig h est
reco rd s d e v ia t io n  v a r i a t io n

R am boullle t 3 74 .1160 .026 22.36 .0740 .1889
4 64 .1104 .030 27.56 .0627 .1842
5 164 .1072 .024 22.22 .0637 .2057

Targhee 3 74 .1216 .035 29 .19 .0612 .2428
4 47 .1154 .029 24.90 .0446 .1979
5 217 .1101 .027 24.22 .0625 .2314

Columbia 3 54 .1060 .039 36.56 .0494 .2178
4 21 .0947 .034 36.25 .0443 .1904
5 100 .1042 .034 32.31 .0556 .3260

TABLE 29. AVERAGES, VARIATION AND RANGES OF EWE EFFICIENCY INDEX (E I) 
FOR EWE GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d ard  Coef. o f  Lowest H ighest
rec o rd s d e v ia t io n  v a r i a t io n

R am bouille t 3 74 .557 .218 39.20 .0000 1.007
4 64 .623 .174 27.96 .2089 .986
5 164 .673 .162 23.99 .2062 1.109

Targhee 3 74 .635 .200 31 .58 .1531 1.216
4 47 .671 .198 29.52 .1157 1.013
5 217 .731 .152 20.80 .3381 1.172

Columbia 3 54 .498 .230 46.15 .0000 1.027
4 21 .501 .185 37.00 .2370 .916
6 100 .693 .151 21.80 .4010 1.062
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TABLE 30. AVERAGES, VARIATION AND RANGES OF ABSOLUTE GROWTH RATE IN
THE INTERVAL BIRTH-WEANING (AGRI) FOR EWE GROUPS WITHIN BREEDS

Breed Number of N Average S tan d ard C oef. o f Lowest H ighest
re c o rd s d e v ia t io n  v a r i a t io n

R am bouille t 3 74 7.736 1.114 14.41 5.080 9.9254 64 8.062 1.249 15.49 5.580 10.200
5 164 7.896 1.165 14.75 5.150 10.825

Targhee 3 74 8.548 1.271 14.87 5.620 12.250
4 47 8.351 1.107 13.16 5.620 11.225
5 217 8.483 1.226 14.45 5.560 11.750

Columbia 3 54 8.461 1.115 13.55 6.280 10.900
4 21 8.183 1.341 16.39 6.060 11.050
5 100 8.257 1.329 16.09 5 .140 11.450

TABLE 31. AVERAGES, VARIATION AND RANGES OF ABSOLUTE GROWTH RATE IN 
THE INTERVAL WEANING-12 MONTHS (AGR2) FOR EWE GROUPS WITHIN BREEDS

Breed Number o f N 
reco rd s

Average S tandard  Coef. o f  Lowest H ig h est 
d e v ia t io n  v a r i a t i o n

R am bouille t 3
4
5

Targhee 3
4
5

3
4
5

74 1.437
64 1.425

164 1.504

74 1.199
47 1.193

217 1.090

54 .978
21 1.040

100 1.044

694 48.33
470 32 .98
623 41.46

514 42.92
610 51.14
540 49.57

720 73 .62
534 51.26
681 65 .19

.244 3.413

.256 2.713

.000 3.817

.200 2.600
-.122 3.033
-.3 1 1 2.563

- .5 1 4 2 .438
.144 2 .013

- .4 4 3 3.400

Columbia
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TABLE 32. AVERAGES, VARIATION AND RANGES OF ABSOLUTE GRWTH RATE IN
THE INTERVAL 12-18 MONTHS (AGR3) FOR EWE GROUPS WITHIN BREEDS

B reed Number o f N Average S tan d a rd  Coef. o f Lowest H ig h est 
re co rd s  d e v ia t io n  v a r i a t i o n

R m b o u ll le t 3 74 2.677
4 64 2.451
5 164 2 .918

Targhee 3 74 3.326
4 47 3 .349
5 217 3.565

Colmnbia 3 54 3.510
4 21 3 .388
5 100 3.396

1.171 43.75 - .0 4 0 5.633
1.276 . 52.03 .250 5.633
1.579 54 .13 .150 7 .050

1.613 48.49 .800 6 .950
1.577 47.07 .967 6 .825
1.722 48.31 .000 8.700

1.955 55.70 .450 8 .325
1.857 54.82 .850 7 .1 7 5
1.552 45.68 .683 7 .067

TABLE 33. AVERAGES, VARIATION AND RANGES OF ABSOLUTE GRWTH RATE IN 
THE HTERVAL BIRTH-12 MONTHS (AGR4) FOR EWE GROUPS WITHIN BREEDS

B reed Number o f N Average S tan d ard  Coef. o f  Lowest H ig h est 
re c o rd s  d e v ia t io n  v a r i a t i o n

R am bou ille t 3
4
5

Targhee 3
4

5

3
4
5

74 3.715
64 3 .744

164 3.664

74 3 .765
47 3.707

217 3.667

54 3.530
21 3.492

100 3.548

468 12.61
475 12.71
481 13.13

605 16.08
575 15.51

493 . 13.45

,462 13.09
,732 20.97
,502 14.14

2.783 4.945
2.686 • 4.727
2.700 5 .055

2.131 5.755
2 .438 4 .982

2.562 4 .964

2.669 4 .555
2.238 5 .064
2.456 4.400

Columbia
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TABLE 34. AVERAGES, VARIATION AND RANGES OF ABSOLUTE GROWTH RATE IN
THE INTERVAL BIRTH-18 MONTHS (AGR5) FOR EWE GROUPS WITHIN BREEDS

Breed Number
reco rd s

of N Average S tan d ard  Coef. o f 
d e v ia t io n  v a r i a t io n

Lowest H ig h est

R am bouille t 3 74 3.335 .343 10.29 2.612 4.076
4 64 3 .260 .356 10.92 2.553 4.106
5 164 3 .358 .343 10.22 2.676 4 .163

Targhee 3 74 3 .544 .400 11.30 2.661 4,6654 47 3.517 .430 12.22 2 .744 4.6535 217 3.544 .434 12.24 2.647 4.913

Columbia 3 54 3.437 .480 13.96 2 .676 4 .882
4 21 3.347 .401 11.98 2 .8 3 5 4.294
5 100 3.413 .366 10.76 2.456 4.400

TABLE 35. AVERAGES, VARIATION AND RANGES OF RELATIVE GROWTH RATE IN 
THE INTERVAL B IR TH-WEANING (RGRI) FOR EWE GROUPS WITHIN BREEDS

B reed Number o f N Average S tan d ard  Coef. o f  Lowest H ig h es t 
re c o rd s  d e v ia t io n  v a r i a t io n

R am boullle t

Targhee

3 74 .2122 .018
4 64 .2165 .022
5 164 .2202 .025

3 74 .2181 .011
4 47 .2125 .017
5 217 .2125 .017

3 54 .2223 .014
4 21 .2156 .014
5 100 .2140 .016

8.31 .1722 .2805
10.28 .1685 .2908
11.45 .1706 .2847

4 .92 .1751 .2274
8 .37 .1726 .2272
7 .9 5 .1722 .2317

6 .13 .1730 .2828
6 .3 2 .1736 .2272
7 .40 .1739 .2312

Columbia
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TABLE 36. AVERAGES, VARIATION AND RANGES OF RELATIVE GROWTH RATE IN
THE INTERVAL WEANING-12 MONTHS (RGR2) FOR EME GROUPS WITHIN BREEDS

Breed Number
reco rd s

of N Average S tan d a rd  Coef. o f 
d e v ia t io n  v a r i a t i o n

Lowest H ig h est

R am boullle t 3 74 .0302 .012 41.08 .0051 .0602
4 64 .0298 .009 31 .32 .0059 .0491
5 164 .0314 .011 32.04 .0000 .0716

Targhee 3 74 .0247 .010 39.82 .0045 .05494 47 .0242 .011 46.53 -.0 0 3 3 .0602
5 217 .0223 .010 46.91 —.0081 .0478

Coltm bla 3 54 .0206 .015 71.77 - .0 1 2 9 .0488
4 21 .0221 .010 46.27 .0042 .0429
5 100 .0217 .013 59.73 -.0100 .0609

TABLE 37. AVERAGES, VARIATION AND RANGES OF RELATIVE GROWTH RATE IN
THE INTERAL 12-18 MONTHS (RGR3 ) FOR EWE GROUPS WITHIN BREEDS

B reeds Number of N Average S tan d ard Coef. o f Lowest H ighest
reco rd s d e v ia t io n  v a r i a t i o n

R am bou ille t 3 74 .0433 .017 40.13 .0007 .09254 ' 64 .0399 .019 48.57 .0049 .09255 164 .0461 .023 49.50 .0026 .0972

Targhee 3 74 .0501 .022 44.16 .0137 .09194 47 .0507 .021 41.27 .0151 .09395 217 .0533 .022 42.00 .0000 .1259
Colvmbia 3 54 .0534 .025 46.69 .0074 .11174 21 .0539 .028 52 .52 .0129 .1144

-
5 100 .0530 .025 41.57 .0125 .0989
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TABLE 38. AVERAGES, VARIATION AND RANGES OF RELATIVE GROWTH RATE IN
THE INTERVAL BIRTH-12' MONTHS (RGR4) FOR BfE GROUPS WITHIN BREEDS

Breed Number
re c o rd s

of N Average S tan d a rd  Coef. o f 
d e v ia t io n  v a r i a t io n

Lowest H ighest

R am boullle t 3 74 .0797 .0047 5 .85 .0677 .0850
4 64 .0783 .0055 7.12 .0625 .0842
5 164 .0774 .0057 7 .40 .06 35 .0844

Targhee 3 74 .0781 .0065 8.29 .0664 .0913
4 47 .0769 .0068 8 .85 .0651 .0916
5 217 .0760 .0067 8.79 .0641 .0895

Columbia 3 54 .0770 .0060 7 .72 .0629 .0847
4 21 .0755 .0073 9.62 .0635 .0841
5 100 .0758 .0064 8.51 .0638 .0850

TABLE 39. AVERAGES, VARIATION AND RANGES OF RELATIVE GROWTH RATE IN
THE INTERVAL BIRTH-18 MONTHS (RGR5) FOR EWE GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d a rd  Coef. o f Lowest H ig h est
reco rd s d e v ia t io n  v a r i a t io n ;

R am boullle t 3 74 .0545 ■ .0015 2 .85 .0506 .05854 64 .0541 .0015 2 .74 .0501 .0585
5 164 .0543 .0015 2.84 .0499 .0585

Targhee 3 74 .0544 .0012 2.31 .0508 .05924 47 .0542 .0016 2.97 .0504 .0554
5 217 .0543 .0013 2 .4 8 .0503 .0583

Columbia 3 54 .0543 .0016 3.00 .0482 .0582
4 21 .0539 .0014 2.51 .0509 .0556
5 100 .0540 .0015 2.76 .0505 .0590
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TABLE 40. AVERAGES, VARIATION AND RANGES OF ABSOLUTE MATURING RATE IN
THE INTERVAL BIRTH-WEANING (AMRI) FOR EWE GROUPS WITHIN BREEDS

B reeds Number o f N Average S tan d ard  Coef. o f Lowest H ighest 
re c o rd s  d e v ia t io n  v a r i a t io n

R am boulllet 3 74 .1116 .014 12.89 .0826 .1402
4 64 .1133 .016 13.87 ‘ .0780 .1509
5 164 .1105 .015 13.89 .0720 .1428

Targhee 3 74 .1177 .016 13.37 .0886 .1617
4 47 .1149 .013 11.67 .0809 .1403
5 217 .1145 .015 13.08 .0813 .1476

Columbia 3 54 .1151 .017 17.45 .0772 .1557
4 21 .1085 .019 17.21 .0822 .1448
5 100 .1128 .019 16.84 .0756 .1755

TABLE 41. AVERAGES, VARIATION AND RANGES OF ABSOLUTE MATURING RATE IN 
THE INTERVAL WEANING-12 MONTHS (AMR2) FOR EWE GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d a rd  Coef. o f  Lowest H ig h est 
re c o rd s  d e v ia t io n  v a r i a t io n

R am boullle t 3
4
5

Targfree 3
4
5

3
4
5

74 .0208
64 .0203

164 .0213

74 .0166
47 .0166

217 .0149

54 .0134
21 .0140

100 .0143

010 48.84
007 36.54
009 42.71

007 44 .98
009 54 .09
008 52.36

O il 79.27
008 76.62
010 66 .94

.0035 .0503

.0041 .0395

.0000 .0519

.0022 .0410
-.0 0 1 8 .0436
-.0 0 4 5 .0408

-.0080 .0408
.0017 .0283

-.0058 •.0497

Columbia
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TABLE 42. AVERAGES, VARIATION AND RANGES OF ABSOLUTE MATURING RATE IN
THE INTERVAL 12-18 MONTHS (AMR3) FOR EHE GROUPS WITHIN BREEDS

Breed Number o f N Average S tan d ard Coef. o f Lowest H ighest
re c o rd s d e v ia t io n  v a r i a t io n

R am boullle t 3 74 .0383 .016 41.35 — .0006 .0814
4 64 .0342 .018 51.44 .0035 .0789
5 164 .0405 .021 52.61 .0022 .0950

Targhee 3 74 .0456 .021 47.00 .0098 .0892
4 47 .0455 .020 44.16 .0144 .0896
5 217 .0475 .022 46.42 .0000 .1285

Columbia 3 54 .0466 .024 51.78 .0063 .1002
4 21 .0442 .023 52.57 .0116 .0848
5 100 .0459 .020 44 .28 .0110 .0987

TABLE 43. AVERAGES, VARIATION 
THE INTERVAL BIRTH-12 MONTHS

AND RANGES OF ABSOLUTE MATURING RATE IN 
(AMR4) FOR EHE GROUPS WITHIN BREEDS

B reeds Number o f N Average S tan d ard Coef. o f Lowest H ig h est
rec o rd s d e v ia t io n  v a r i a t io n

R am bouilIet 3 74 .0537 .007 13.24 .0394 .0732
4 64 .0529 .008 14.30 .0375 .0710
5 164 .0515 .008 14.74 .0369 .0725

Targhee 3 74 .0520 .008 15.99 .0357 .07054 47 .0512 .009 17.01 .0322 .0716
5 217 .0497 .007 14.67 .0349 .0758

Columbia 3 54 .0482 .009 18.41 .0320 .06674 21 .0465 .011 23.44 .0265 .0689
5 100 .0486 .008 15.87 .0326 .0687
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TABLE 44. AVERAGES, VARIATION AND RANGES OF ABSOLUTE MATURING RATE IN
THE INTERVAL BIRTH-18 MONTHS (AMR5) FOR EHE GROUPS WITHIN BREEDS

B reeds Number
re c o rd s

o f N Average S tan d ard  Coef. o f 
d e v ia t io n  v a r i a t io n

Lowest H ighest

R am boullle t 3 74 .0481 .004 7.81 .0401 .0579
4 64 .0459 .005 10.12 .0393 .0570
5 164 .0470 .004 8.38 .0370 .0552

Targhee 3 74 .0480 .005 8.70 .0362 .0568
: 4 47 .0483 .004 9.14 .0326 .0556

5 217 .0478 .004 8.74 .0362 .0581
Columbia 3 54 .0465 .006 13.90 .0339 .0603

4 21 .0443 .005 11.08 .0336 .0559
5 100 .0465 .004 9.19 .0359 .0554
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TABLE 45. PREDICTED BODY WEIGHTS AND PERCENT OF MATURE WEIGHT (A) FOR
EACH BREED AND EWE GROUP USING BRODY'S GROWTH EQUATION DERIVED IN THIS
STUDY IN SIX MONTH INTERVALS

Age Breeds Grouos
R am bouille t Targhee Columbia 3 re c o rd s  4 re c o rd s  5 re c o rd s

B ir th 7 .35 7 .47 7 .6 4 7.20 7 .6 3 7 .65
6 mo kg 38.76 40.80 39.37 , 40.00 39 .64 39.32

* a 55.34 56.34 53.85 56.15 54.83 54.56
12 mo kg 54.44 57.03 55.72 56.00 55.80 55 .42

% 77.72 78 .75 76.21 78.61 77 .1 8  ! 76.90
18 mo kg 62.25 64.93 64.15 , 63.80 63.96 63.60

% 88.88 89.66 87.7* 89.56 88.47 88.25
24 mo kg 66.15 68.77 68 .49 67.60 68 .08 67.76

% 94.44 94.96 93.68 94.90 94.17 94.03
30 mo kg 68.10 70 .64 70.73 69.46 70.16 69.87

% 97.23 97.54 96.74 97.51 97.05 • 96.96
36 mo kg 69.07 71.55 71 .88 70.36 71.21 70 .94

% 98.61 98.80 98.31 98.77 98.50 98.44
42 mo kg 69.56 71 .99 72.47 70.81 71.74 71.49

% 99.31 99.41 99.12 99.41 99.23 99.20
48 mo kg 69.80 72.21 72 .78 71 .02 72.01 71.77

% 99.66 99.71 99.54 99.70 99.61 99.59
54 mo kg 69.92 72 .32 72.94 71.13 72 .15 71.91

* 99.82 99.86 99.76 99.85 99.80 99.79
60 mo kg 69.98 72.37 73 .02 71.18 72.22 71.98

% 99.91 99.93 99.87 99.92 99.90 99.88
66 mo kg 70.01 72 .39 73.06 71.20 72 .25 72.02

% 99.96 99.96 99.93 99.95 99.94 99.94
72 mo kg 70.02 72.40 73 .08 71.21 72.27 72.04

% 99.97 99.97 99.95 99.97 99.97 99.97
78 mo kg 70.03 72.41 73 .09 71 .22 72.28 72 .05

% 99.98 99.98 99.97 99.98 99 .98 99.98
84 mo kg 70.04 72 .42 73 .10 71 .23 72.28 72.05

% 100.00 100.00 99.98 100.00 99.98 99 .98

aP e rcen tag es  r e p re s e n t  th e  degree  o f m a tu r ity  a t  each age,
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TABLE 46. LEAST SQUARES MEANS OF BIRTH-REARING EFFECTS FOR EACH BREED 
(HARVEY ANALYSIS, MODEL B)

T r a i t  R am boullle t Targhee Columbia

S/S T/S T/T S/S
<■

T/S T/T S/S T/S T/T

ATLB 1.33 1.47 1.45 1.46 1.47 1.53 1.33 1 .48 1.42
ATLW 1.19 1.18 1.21 1.24 1 .32 1.28 1.08 1.20 1.13
ATWW 44.51 45.90 44.44 49.43 52.52 50.87 42.74 46.19 45 .42
ATFP 4.50 4.37 4.44 •  4.84 4 .7 2 4.65 5 .12 5.16 4.97
A 71.55 69.73 69.64 ••7 4 .9 2 68 .92 72.39 •75 .12 71.84 72 .09
k ••1 1 .8 0 12.20 10.30 ••1 2 .3 0 12.00 11.20 10.60 10.90 10.20
BI •62.50 66 .10 66 .90 •66 .2 0 76 .00 70.60 57.00 65.00 63.00
AGRI 8.46 8.56 7.40 • •  9 .10 8 .19 7.99 • •  8.85 8 .73 7 .78
AGR2 •  1 .34 1.44 1.55 • •  1.10 1.20 1.39 • •  .81 .93 1.27
AGR3 2.61 2.62 2 .68 2 .9 9 2 .86 3.13 3.27 3.13 3 .19
AGR4 • •  3.81 3.86 3 .5 5 • •  3 .94 3.71 3 .72 3.61 3 .5 9 3 .56
AGR5 • •  3 .35 3 .39 3.21 • •  3 .57 3 .38 3.46 3 .42 3 .34 3.36
RGRI •21 .70 22.60 21.90 • 21.40 21.70 21.50 21.60 22.30 21.70
RG R2 • •  2 .70 2.80 3 .3 0 • •  2 .10 2 .50 2.90 • •  1.60 1.90 2.70
RG R3 4.10 4.10 4 .40 4 .44 4.60 4.80 5.00 5.10 5 .00
RG R4 • •  7.80 7.90 7 .80 • •  7 .80 7 .90 7.90 • •  7 .60 7 .70 7 .80
RGR5 • •  5.40 5.50 5 .40 • •  5 .40 5 .50 5 .40 • •  5 .40 5.40 5.50
AMRI ••1 1 .8 0 12.30 10.70 ••1 2 .2 0 11.90 11.10 ••1 1 .9 0 12.20 10.90
AMR2 • •  1.90 2.10 2 .2 0 • •  1.50 1.70 1 .90 • •  1.10 1.30 1.80
AMR3 3.60 3 .70 3 .80 •  3.90 4.20 4 .30 4.30 4.30 4.30
AMR4 • •  5.40 5.60 5.10 5 .30 5 .40 5.20 4.80 5.00 5 .00
AMR5 • •  4 .70 4.90 4.60 4.80 4.90 4.80 4.60 4 .70 4 .70

U n its  o f m easure: A, ATWW and ATFP a s  k g ; k as  %/mo r a t e  o f growth 
d e c l in e ;  AGR a s  kg/mo; RGR a s  % o f  w eigh t g a in  p er month r e l a t i v e  to  
Ytg; AMR a s  % o f  w eigh t g a in  p er month r e l a t i v e  to  A; and E I a s  % o f  A.

« ( P < .0 5 ) ,  • (P < .0 1 ) .
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TABLE 47 . ESTIMATES® OF HERITABILITIES, GENETIC AND PHENOTYPIC 
CORRELATIONS FOR LIFETIME PRODUCTION AND GROWTH TRAITS OF RAMBOUILLET 
EWES

T r a i t s  ATLB ATLW ATUV ATFP A k

ATLB .qR+.?7 .73 .66 - .0 0 2 .025 .07ATLW .94± ,20 .41+.27 .96 — .06 -.1 1 .17ATWW 1.80±6.4 1.97±6.7 .01+.26 — .06 - .1 1 .19
ATFP - .1 4 ± ,4 9 “ »30±,50 -1 .2 8 ± 5 .8 .66+.27 .32 - .0 9A •60±,53 .44± ,54 1.86±8.3 - . 1 1±,41 .66+.27 - .5 5k - .4 8 ± ,4 8 - .2 3 ± ,4 4 -.8 6 ± 3 .6 -.0 5 ± ,4 0 - .6  9±.» 6 8 .6Q+.27
EI • 97±3.2 1.42±3.0 -.0 3 ± 7 .0 -.9 1 ± 3 .5 .22*1.9 .20*1 .2
AGRI -.2 4 ± ,6 1 - .4 8 ± ,6 4 -1 .8 4 ± 8 .1 .20* , 4 8 • 1 1±j.50 - .0 8 * ,4 9AGR2 “ •26±>37 •43±,37 1.68*7.1 - .2 0 * ,3 2 .17±,31 .47± ,28
AGR3 -.0 5 ± ,5 0 .28± ,48 -.6 3 * 3 .0 ■ -.0 0 5 ± ,4 2 -.0 1  *..42 .55 * ,4 9AGR4 .06± ,44 •23±,42 .89±3.9 - .1 6 * ,3 6 •32±,32 .41* ,30
AGR5 • 38±J.3 •63±3.5 2 .86*33 . - . 60*1.3 .47±,81 - .1 8 * .  96
RGRI - .0 7  ±,40 - .3 5 ± ,4 2 - I .38*6 .0 - . 1 2±,34 - .2 0 * ,3 4 .26* .32
RG R2 .28±>38 .45± ,38 1.74*7.4 - .2 7 * ,3 4 .1 2 * . 32 .47± ,30
RG R3 -.0 5 ± ,4 3 - .3 8 ± ,4 2 -1 .0 4 * 4 .6 •08±,37 -*01*,36 -.4 4 ± ,4 2
RG R4 - .1 9 ± ,3 5 - .1 6 ± ,3 4 - .6 2 * 2 .8 - .5 1 ± ,3 3 .01* ,29 .25*»27RGRh -.2 0 ± ,3 5 - .4 0 ± ,3 7 -1 .4 8 * 6 .4 -.6 5 ± ,3 7 -.3 0 ± ,3 1 .61* .25AMRI -.6 1 ± ,5 5 -.SB  ±,51 -2 .5 9 * 1 1 . •21±,41 -•6 3 ± ,5 9 .43*>30AMR2 .22±,36 »41±,35 1.49±6.3 - .2 4 ± ,3 2 •01*,31 .58± ,24AMR3 -.21±>45 -.4 3 ± ,4 4 -1 .2 1 * 5 .1 .18*,40 -.1 6 * ,4 1 - .3 5 * .3 8AMR4 -.2 8 ± ,4 1 •01±,39 - .1 4 * 1 .3 -.1 9 ± ,3 5 -.48±>47 •91*.08
AMR5 -.45±>48 - .2 0 ± ,4 5 - .7 6 * 3 .2 - .1 0 * ,4 3 - .8 4 * ,7 5 .7 2 * . 17

H e r i t a b i l i t y  e s t im a te s  a r e  u n d e rlin e d  on d ia g o n a l, p h en o ty p ic
c o r r e la t io n s  a re  above th e  d ia g o n a l, and g e n e tic  c o r r e la t io n s  a re  below 
th e  d ia g o n a l.
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TABLE 47. (C ontinued)

T r a i t EI AGRI AGR2 AGR3 AGR4 AGR5

ATLB .60 -  .01 .07 .12 .05 .13ATLW .92 — .03 .07 .06 .05 .08ATWW .96 — .01 .07 .07 .06 .10ATFP - .1 5 .22 - .0 0 4 - .0 2 .19 .17A — .38 .33 .15 .11 .43 .53k .33 .24 .20 - .1 3 .37 .23EI .04*.?fi - .1 1 .03 .02 - .0 5 - .0 5AGRI -1 .75± 6 .1 .35+.27 — .26 - .0 5 .46 .45AGR2 1.24±4.0 -.35±>47 1 .05+.27 - .4 3 .69 .28AGR3 -.4 9 ± 2 .1 -.63±#61 -.4 1 ± ,4 3 .53+.27 - .3 9 .44AGR4 .3 8 ± J .8 • 11±,45 •86 12 - .7 4 ± ,5 9 .71+.27 .63AGR5 1.59±7.0 -1 .5 5 ± 2 .3 1.35±2.2 .O l t l .1 .79±,93 .08+.26RGRI -.9 8 ± 3 .4 .79± ,22 - .1 3 ± ,2 7 - .2 8 ± ,3 9 .10± ,30 — .6 I^-I .3RG R2 1.39±.4.5 -•43±>56 •99±,01 - .3 3 t .4 2 •81 ±j» 18 I .41±2.5RG R3 -.8 6 ± 2 .9 - .3 0 ± ,5 0 -.4 9 ± ,4 0 1.05± ,04 -.67±#54 .47±J.ORG R4 -•35dkJ .5 •22±,34 .46± ,18 -•31±>36 •59±..18 .47± ,93RG R5 -.7 9 ± 2 .7 •25±,35 .25± ,22 • 07±,30 .41±,.24 1 .0 4 ± j.6AMRI -1.39±_4.4 •70±,24 -.4 0 ± ,4 0 - .4 7 ± ,4 8 -.15±>36 •-1 .65*3 .0AMR2 1.31+4.1 -.3 7 ± ,4 8 .98±,01 - . jM ±,43 .82± ,14 1.27±2.2AMR3 -.8 2 ± 2 .7 .41±j,55 -.4 6 ± ,4 1 1.01± ,03 -»69±j.56 .31±>92AMR4 •58±J.8 - .0 3 ± ,4 2 . 6 9±# 16 -.6 6 ± ,5 6 .67±,17 .24± ,85AMR5 .44±) .4 - .5 9 ± ,5 2 •30±,31 • 13±,41 -.0 0 3 ± ,3 7 .11±3.0
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TABLE 47. (C ontinued)

T r a i t s RGRI RG R2 RGRB RGRU RG R5 AMRI

ATLB -.0 0 5 .06 .09 .03 .04 — .02ATLW -.0 6 .07 .OU .01 - .0 3 .03ATWW -.0 5 .06 .OU .01 - .0 4 .06ATFP -.OU - .0 9 - .0 7 - .1 0 - .1 7 -.001A .01 .03 - .0 3 .06 - .0 4 - .3 7k .16 .13 - .1 9 .23 .25 .63EI -.05 .06 .03 .01 - .3 0 .15AGRI .65 -.UU - .1 7 .24 .13 .75AGR2 - .0 9 .96 - .5 3 .41 .11 — .36AG RB - .2 0 - .3 9 .96 - .3 4 .24 - .1 3AG RU .20 .51 - .5 8 .53 .22 .16AGR5 .07 .13 .21 .22 .38 .06RGRI - .1 3 - .2 2 .44 .16 .64RG R2 - • 17±,28 .QQ+.27 - .4 6 .39 .10 —.46
RGRB - .15± ,32 -.UU±,39 .7F+.27 - .4 0 .21 - .1 4
RGRU .U6±,19 .50± ,18 - .2 7 t ,3 1 1 .28+ .Pfi .52 .20
RG R5 .3U±,23 .25±>22 .07t>26 . 661^13 I .26+.2fi .15AMRI .78±,17 -.U2±,UU - .2 U t,3 8 .14±>28 •36t*28 .87+.27
AMRid —.09±,26 •99±#01 - .5 0 t .3 9 .5 0 t,1 7 •31±f21 - .2 9 t ,3 5AMRB —.19*>34 -.U ItfU O 1 .0 0 t ,0 2 - .3 0 t ,3 3 .1 5 t,2 7 -.2 3 ± ,3 9AMRU .2U±,27 .70 t#  18 - .6 2 tfU 8 •5 7 t,1 7 • 6 0 tf  2 1 .31± ,29AMR 5 .01±,3U .37± ,32 •22t,3U .19± ,28 •7 6 t,2 2 .1 1 t,4 1
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TABLE 47. (Continued)

T r a i t s AMR2 AMR3 AMR4 AMR5

ATLB .07 .11 .04 .11
ATLW .10 .09 .14 .20
ATWW .10 .09 .15 .21
ATFP - .0 9 - .1 0 — .08 - .1 7
A - .0 7 - .1 7 - .4 1 - .5 4
k .33 .02 .85 .83
EI .12 .13 .27 .35
AGRI - .3 4 - .1 3 .18 .09
AGR2 .97 -  .48 .56 .10
AGR3 - .4 5 .95 — .48 .31
AGR4 .60 -.5 1 .64 .16
AGR5 .16 .28 .18 .42
RGRI — .10 - .2 0 .19 .07
RG R2 .97 - .4 2 .48 .08
RG R3 - .5 3 .97 - .5 7 .25
RG R4 .42 - .3 7 .50 .16
RG R5 .13 .23 .26 .42
AMRI - .2 9 - .0 2 .46 .47
AMR2 I .15+.27 - .4 5 .66 .22
AMR3 - •45±,39 .64+.27 —•38 .46
AMR4 .79± ,12 -.53±*44 .85+.27 .62
AMR5 .44± ,28 •33±*33 .62±,21 .55+.27
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TABLE 4 8 . ESTIMATES3 OF HERITABILITIESf GENETIC AND PHENOTYPIC 
CORRELATIONS FOR LIFETIME PRODUCTICN AND GROWTH TRAITS OF TARGHEE EWES

T r a i t s  ATUB ATLW ATVW ATFP A k

ATLB .24+.22 .72 .64 .03 .01 .10
ATLW -.03+.22 .92 .005 - .1 3 .15ATWW -.20+.23 .04 — .08 .17ATFP 1.24±3.6 .04+.21 .25 — .08
A - .2 0 £ l .0 -4 .4 6 * 3 3 . .12+.21 - .4 8k
EI

.44± ,73 .87*3 .0 - .1 9 * 3 .3 ~2-3+.22

AGRI 1.60±4.3 -6 .1 2 * 2 3 . .24*2.1 .68*3 .9AGR2 - .9 9 ± j.1 - .5 2 * 2 .1 -.2 9 * 3 .1 1.14±>91AGR3 .72±,86 .23*3.9 2 .4 8 * 2 .4 - I .24*3 .5
AGR4 -.005±#62 -2 .1 4 * 5 .4 .07*^89 •90*,50AGRS
RGRI

•31±,52 1.72*4.4 1.06*^57 - .0 4 * ,5 4

RG R2 - .1 3 ± J .6 —.16*2.2 - .5 5 * 3 .5 I .30*3 .4
RG R3 3.45±44. 5 .29*70. 12.33*357. -6 .5 0 * 8 4 .
RG R4 
RG R5

.50± J.2 - .4 7 * 2 .9 -2 .5 3 * 3 .6 2 .30*2 .5

AMRI 1 .01*3.2 - .2 4 * 2 .4 - .9 7 * 2 .4 .80± ,47AMR2
AMR3

-1 .0 2 ± J .2 .21*2.0 - .5 3 * 3 .4 1 .16* ,87

AMR4 .02*,54 .15*3 .3 - .6 7 * 3 .3 1.00± ,15AMR5 .92± ,99 .86*3.4 1 .07*2 .5 .28*^81

H e r i t a b i l i t y  e s t im a te s  a re  u n d e rlin e d  on d ia g o n a l, p heno typ ic  
c o r r e la t io n s  a re  above th e  d ia g o n a l, and g e n e tic  c o r r e la t io n s  a re  below 
th e  d ia g o n a l.
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TABLE 48. » (Continued)

T r a i t s EI AGRI AGR2 AGRB AGR4 AGR5

ATLB .59 .11 - .5 5 .10 .06 .12
ATLW .89 - .0 0 2 - .0 5 i O C

o — .02 .03
ATWW .90 .04 .02 .06 .07 .10
ATFP - .0 6 .12 .07 -.0 0 5 .16 .15
A - .4 2 .43 .10 .35 .47 .69
k .32 .26 .19 — .26 .38 .10
EI .OQ+.22 - .1 1 -.0 1 —.06 — .01 - .1 5
AGRl .04+.21 - .2 3 —.01 .58 .49
AGR2 .54±2.8 .IQ + .21 - .2 8 .59 .28
AG RB 3.23±8 .9 - .6 4 ± J .3 .18+.21 - .2 0 .54
AGR4 •31±J.1 1 .26± ,48 .32*^81 .11+ .22 .68
AGR5 .8 7 ± J .8 •51±,52 1 .15* ,48 .64±>26 .48+.21
RGRI 
RG R2 .46±3.4 1.00± ,07 -1 .1 7 * 3 .9 1 .3 5 t.9 6 .40* ,70
RGRB 17.07±225. -3 .9 8 * 5 3 . 2 .57*29 . 1.24*3 8 . 4 .66*58 .
RGR4 -2 .0 1 ± 5 .6 1 .76± J.8 —.88*3.8 .7 5 * ,7 t - .2 1 ± ,7 3
RGR5
AMRI .16±2.3 .6 9 tJ .6 -.35*3  .4 .16*,81 - .4 6 * , 84
AMR2 .24±2.5 .98* ,05 1 .14*3 .8 1.19*^62 .25±,61
AMRB
AMR4 -.1 8 ± 3 .2 1 .16± ,49 - .9 9 * 3 .2 .73±>27 - .0 9 * ,3 9
AMR5 1.46±4.3 1.59*3.4 - .4 8 * ,  92 1 .40*3 .0 .97±>66
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TABLE 48 . (C ontinued)

T r a i t s RGRI RG R2 RG R3 RG R4 RG R5 AMRI

ATLB -.0 1 -  .07 .06 - .0 3 - .0 0 3 .10ATLW - .0 5 - .0 4 .07 .00 - .0 0 4 .10
ATWW -.0 4 .004 .03 .01 .01 .10ATFP - .0 6 .01 - .0 9 - .1 3 - .1 3 - .0 7A .02 - .0 2 .11 .04 .10 — •36k .14 .12 - .3 3 .18 .04 .69EI - .0 4 .02 — .01 .003 — .02 .22AGRI .56 - .4 2 - .2 2 .14 - .0 3 .68
AGR2 - .0 9 .97 - .4 4 .28 .18 - .3 2AGR3 -.1 7 —.26 .92 .18 .24 - .3 1AGR4 .16 .40 -.5 1 .42 .19 .22
AGR5 .03 .13 .22 .20 .35 — .05Rtihl — .104+.22 - .1 3 -.2 1 .23 -.0 1 .57RG R2 .13+.21 -•3 6 .27 .18 - .4 2
RG R3 6.83±89. .01+ .20 - .2 7 .20 - .3 3RG R4 
RGR5 
AMRI 
AMR2 
AMR3

2 .1 9±2.5

.88*2.3
1 .04± ,09

-4 .3 3 * 5 7 .

- .8 9 * 3 4 .
6 .41*85 .

.11+.21

.83*3 .5
2 .31*2 .5

.48
—.06+ .22

.11 
- .1 1  

.12+.21

.77*3 .7

AMR4
AMR5

1.40± ,94
1 .66*3 .7

4 .96*65 .
-4 .6 3 * 5 8 .

1 .84*3.6
2 .5 1 * 2 .9

.61±,51

.11*3 .2
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TABLE 48. (Continued)

T r a i t s AMR2 AMR3 AMR4 AMR5

ATLB — .06 .11 .04 .13
ATLW — .02 .14 .08 .20
ATWW .03 .10 .12 .21
ATFP .002 — *11 - .0 7 - .1 5
A - .1 2 — .05 - .4 2 - .4 6
k .30 — .08 .85 .77
EI .08 .11 .26 .36
AGRI - .3 3 - .1 9 .20 .05
AGR2 .97 - .3 5 .51 .21
AGR3 - .3 5 .89 - .5 3 .19
AGR4 .47 — *41 .59 .23
AGR5 .12 .26 .07 .32
RGRI — .10 - .1 8 .15 .03
RG R2 .97 — .28 .43 .18
RG R3 - .4 6 .93 - .6 3 .12
RGR4 .28 - .2 2 .42 .21
RGR5 .17 .20 .12 .32
AMRI - .1 5 - .1 7 .56 .42
AMR2
AMR3
AMR4
AMR5

.17+.21

1 .27 ±,55 
1.30£J .1

- .3 4
-.12+.2%

.60
- .4 0

.4S+.21

.69± ,38

.30

.39

.64
.16+.21
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TABLE 49 . ESTIMATES3 OF HERITABILITIES, GENETIC AND PHENOTYPIC 
CORRELATIONS FOR LIFETIME PRODUCTI CN AND GROWTH TRAITS OF COLUMBIA EWES

T r a i t s ATLB ATLW ATWV ATFP A k

ATLB .6 5 + .TB .72 .63 .07 .06 .21
ATLW .77± ,26 .4 8 + .TQ .96 .10 - .0 4 .17
ATWW .61± ,42 .9 4 i,0 8 .T5+.TQ .16 .03 .11
ATFP .5 2 ± ,3 8 .191 ,42 .1 4 i ,4 8 I .T2+.T6 .29 - .1 1
A .2 5 ± ,4 9 .071,56 .3 2 i,6 7 .584,31 .7 0 + .TB 0N

OI*

k .40± ,37 .351,44 .151,53 - .3 6 4 ,3 2 - .3 8 4 ,8 2 I .OQ+.T7
EI .53± ,46 .8 8 i,1 4 .791 ,27 - .2 1 4 ,5 0 -.7 7 1 ,7 1 .621,50
AGRI .44±,54 .031 ,65 .0 1 t ,7 5 - .9 9 1 ,5 9 .204 ,52 .06± ,45
AGR2 .40±,36 .5 6 i,4 7 .644 ,58 .971 ,22 .314 ,35 - .0 7 4 ,3 0
AGR3 •29±,45 -.4 7 1 ,5 1 - .6 0 t , 6 l - .2 6 i ,3 4 .134 ,43 .111 ,38
AGR4 .72± ,48 •69i ,6 2 .831 ,7 5 .704 ,35 .584 ,43 - .0 5 1 ,4 4
AGR5 .821,45 .161 ,59 .151 ,6 8 .251 ,36 .511 ,37 .0 4 i,4 2
RGRI .- .0 3 ± ,3 9 - .1 4 1 ,4 7 - .0 7 1 ,5 3 - .5 4 4 ,3 5 .294,40 -.1 6 1 ,3 1
RG R2 .381,36 .68± ,49 . 784,62 .944 ,23 .204 ,35 . 01i ,30
RGR3 ■- .1 2 i ,5 2 - .7 1 i ,6 6 -.9 2 ± ,8 5 - .5 7 1 ,4 5 - .3 1 1 ,4 9 .134,45
RG R4 .221 ,64 .701 ,76 I . I 64J . I .04± ,49 .844 ,88 .461 ,47
RG R5 .161 ,35 .071,41 .0 2 t ,4 8 - .3 0 t ,2 9 - .0 1 i ,3 5 .254 ,28
AMRI .1 0 i,4 6 - .1 4 i ,5 2 - .3 4 1 ,6 4 -1 .1 4 4 ,5 7 - .5 9 4 ,  71 .7 0 i .1 9
AMR2 .421,37 .6 4 t,5 0 .691 ,60 .931 ,25 .10 4 ,3 8 .104,31
AMR] .19±,45 - .4 8 i ,5 0 - . 764,65 - .6 0 i ,4 0 - .4 5 1 ,5 0 .454 ,37
AMR4 .471 ,49 .571 ,59 .484 ,70 .054 ,39 - .5 1 1 ,7 8 .874 ,10
AMR5 .451,37 .091 ,48 - .1 8 i ,5 3 .454 ,34 - .7 4 4 ,7 0 .924 ,07

H e r i t a b i l i t y  e s tim a te s  a r e  u n d e rlin e d  on d ia g o n a l, phen o ty p ic  
c o r r e la t io n s  a re  above th e  d ia g o n a l, and g e n e tic  c o r r e la t io n s  a re  below 
th e  d ia g o n a l.
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TABLE i»9. (Continued)

T r a i t s  EI AGRI AGR2 AGR3 AGR4 AGR5

ATLB .60 .14 .16
ATLW .93 .10 .05
ATWW .95 .08 .10
ATFP .0 5 - .0 3 .33
A — .26 .25 .15
k .2 9 .25 .18
EI -35+.1Q -.0 0 4 .06
AGRI -.1 2 ± ,7 6 .51+ .39 - .3 1
AGR2 .43± ,54 -•73±#65 I.P R + .36
AGR3 .6l±j,68 •55±,55 - .4 3 ± ,4 4
AGR4 .43± ,74 -.6 1 ± ,4 4 1.01±,21
AGR5 -.1 9 ± ,6 9 - .0 1 ± ,6 4 .32± ,36
RGRI -.13±>54 1.04± ,34 - .5 1 ± ,3 5
RG R2 .63± ,58 - .7 2 ± ,7 0 •99±,01
HG RB -.7 0 ± ,7 9 .42± ,69 -  * 6 9±j  6 5
RG R4 .86±,93 .59± ,70 .24± ,47
RG R5 .10±,47 -.1 4 ± ,4 0 -.1 1 ± ,2 7
AMRI .08±,61 .65± ,28 -.75±>54
AMR2 .61±,57 -.7 8 ± ,7 2 .98±,01
AMRB -.5 0 ± ,5 8 .44± ,57 -.5 9 ± ,5 1
AMR4 «82±,67 -.63±»56 .59± ,28
AMR5 .30± ,49 -.1 7 ± ,4 5 -.06±>31

.09 .27 .31

.14 .17 .27

.16 .20 .30

.03 .31 .27

.30 .34 .54
- .1 9 .38 .17

.07 .09 .13

.03 .45 .47
- .3 4 .67 .29

.82+ .38 - .2 3 .52
■.07±>51 .55+ .38 .70

.78± ,30 .591,34 .58+ .38
- .0 1 t» 3 6 - .1 8 i ,4 2 - . I 6 i , 4 2
-.47±>44 1 .021 ,28 .311 ,37

.83 t»12 -.5 2 ± ,8 9 .291 ,52
• 97±,98 .971,57 1.491,94
•79±>25 - .0 5 1 ,3 9 .561 ,3 2
.28±>46 - .8 0 i ,5 2 - .3 6 i ,5 0

- .4 5 ± ,4 8 .9 6 i,2 4 .271 ,3 9
.831,11 - .3 7 1 ,6 5 .4 2 i ,4 2

- .1 4 i ,5 7 .391 ,45 .1 2 t ,5 5
.411 ,35 .101,44 .221,41
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TABLE 49. (Continued)

T r a i t s RGRI RGR2 RGR3 RGR4 RG R5 AMRI

ATLB -  .05 .13 - .0 3 .18 .15 .07
ATLW -.1 1 .05 .07 .19 .25 .09
ATWW -.1 2 .10 .08 .16 .23 .01
ATFP -.2 1 .28 - .0 8 — .08 - .1 2 —.26
A - .0 4 .08 .08 — .06 - .0 9 - .5 2
k .0 8 .13 - .2 8 .30 .18 .70
EI - .1 0 .08 .05 .18 .25 .16
AGHI .49 - .4 5 — .18 .22 .06 .69
AGR2 - .1 6 .97 -.5 1 .23 - .0 0 4 - .3 9
AGR3 - .2 3 - .3 4 .90 — .18 .36 - .1 9
AGR4 .05 .54 — .56 .43 .12 .14
AGR5 - .0 5 .18 .15 .28 .35 .002
RGRI I . 14+.17 —.18 - .2 2 .39 .13 .47
RG R2 -.55±>35 I .1 1 + .ifi —.46 .21 .01 —.46
RG R3 .04± ,42 -.69±#62 .6 1 + .IQ — .28 .35 - .2 2
RGR4 —.10±>51 •15±,47 •73±3.0 .Ifi+ .IQ .60 .23
RG R5 - .1 5 ± ,2 8 - .0 6 ± ,2 7 •96±>33 .79± ,32 1 .40».16 .10
AMRI .62±,26 -.6 7 ± ,5 3 .47± ,59 — .08±>60 - .0 7 1 ,3 3 .7Q+.18
AMR2 -.5 8 ± ,3 7 .99±>01 - .6 5 ± ,6 7 • 19±>49 - .0 8 1 ,2 8 —.631 ,50
AMR3 -.10±>37 -.57±>49 .92±>07 .69±,85 .871 ,23 .6 0 t,4 5
AMR4 -.3 4 ± ,4 1 .70± ,29 -.18±>71 .29± ,62 .021 ,38 .0 1 i,5 4
AMR5 -.32±>33 .04±,31 .47± ,44 .50± ,48 .501,23 .45 1 ,2 9
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TABLE 49. (Continued)

T r a i t s AMR2 A MRS AMR4 AMR5

ATLB .16 .07 .20 .26
ATLW .06 .18 .17 .31
ATWW .10 .17 .13 .26
ATFP .26 —.10 .02 - .0 7
A - .0 4 - .1 1 - .5 0 - .5 4
k .30 .04 .87 .86
EI .11 .19 .27 .41
AGRI .37 — »06 .20 .20
AGR2 .97 - .4 4 .50 .13
AGR3 - .4 0 .90 - .4 5 .18
AGR4 .60 - .3 9 .63 .32
AGR5 .18 .30 .18 .40
RGRI - .  16 -.2 1 .08 .005
RG R2 .97 - .4 0 .43 .09
RG R3 - .5 3 .92 - .5 9 .05
RG R4 .24 - .1 6 .43 .33
RG R5 .01 .43 .16 .43
AMRI - .3 0 .02 .55 .58
AMR2 I .16+.17 - .4 3 .60 .22
AMR 3 - •49±>50 .8 1 + .IR - .2 9 .41
AMR4 .75± ,24 • 13±,53 .SB+.IR .73
AMR5 • 13±,32 .75±,27 •75±>20 .QQ+.17
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TABLE 50. AMONG SIRES COMPONENTS OF VARIANCE AND COVARIANCE FOR 
LIFETIME PRODUCTION AND GROWTH TRAITS (POOLED DATA FROM RAMBOUILLET, 
TARGHEE AND COLUMBIA EWES)a

T r a i t s ATLB ATLW ATWW ATFP A k EI AGRI

ATLB 11.516 9.2949 235.49 4 .8 0 7 6 . 48.855 .12880 3.0265 7.9328
ATLW 8.9750 208.33 4.2046 32.487 .07598 2.9859 -4 .9 9 6 9
ATWW 3769.8 117.27 2004.8 .08170 49.497 -206 .43
ATFP 49.654 17.659 -.4 0 9 4 9 .72560 -3 5 .6 8 9
A 4027.5 -12 .850 -1 9 .6 2 9 28.958
k .08750 .14685 .11336
BI 1.1682 -3 .8 8 0 4
AGRI 39.097

aV alues a re  m u lt ip l ie d  by IO^ 
C ovariances a re  on the  d ia g o n a l
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TABLE 50. (Continued)

T r a i t s  AGR2 AG RB AGR4 AGR5 RGRI RG R2 RGRB

ATLB 2.1214
ATLW 9.1915
ATWW 360.06
ATFP 18.451
A 66.471
k .64394
E I 4 .6735
AGRI -1 9 .1 0 9
AGR2 46 .448
AGRB
AGR4
AGR5
RGRI
RG R2
RGRB

8.2745 3.0351
-3 .2 4 3 7 4.4791
-7 7 .6 6 7 181.31
-5 .0981 I .4283

241.21 71 .344
— .86869 .41368
-3 .6 6 4 9 1.7945

24 .5 3 4 -4 .3 4 8 8
-2 4 .5 9 9 25 .5 5 8

59.937 -7 .1 7 4 2
15.364

4 .5570 .01419
2 .5 1 4 8 -.1 0 9 1 1
103 .99 -3 .9 3 8 8

-2 .3 1 7 9 - .4 5 0 4 4
96.774 -2 .3 2 6 1

- .0 1 4 3 5 .01292
.38743 - .0 3 2 7 8

- .5 2 6 6 9 .85067
8 .1354 -.2 1 0 0 8
15.384 -1 0 .7 0 9
5 .9576 .02102
7 .5 6 3 0 -.0 8 2 0 3

.02275

.03252 .05189

.18892 - . 0  8805
7 .2380 -2 .7 2 5 7
.33943 -1 .0 0 0 5
.55004 2 .4884
.01332 - .0 1 2 9 8
.10400 - .0 6 4 4 4

- .3 7 1 2 8 .38217
.84052 - .4 6 9 1 2

- .5 0 3 7 5 .75478
.45979 - .1 7 6 4 7
.13459 .15947

- .0 0 4 3 5 - .0 0 0 3 4
.01545 - .0 0 9 2 9

.01062
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TABLE 50. (Continued)

T r a i t s RG R4 RG R5 AMRI AMR2 AMR3 AMR4 A MRS

ATLB .00039 .00162 .01643 .03070 .09036 .01137 .03528
ATLW .01337 .00162 - .1 4 2 7 3 .13161 - .0 6 2 2 5 .04476 .01756
ATWW .68342 .07545 -6 .6 2 4 6 4.8221 -2 .1 2 9 1 1.2846 .29344
ATFP -.0 3 4 6 6 - .0 3 3 5 5 -.5 4 9 0 1 .23071 -.1 0 5 2 1 - .0 1 9 6 9 - .0 6 7 5 3
A - .2 3 0 1 4 - .0 6 4 4 5 -6 .2 7 1 3 -.1 8 8 6 1 1.4137 -2 .3 0 2 6 -1 .4 3 4 7
k .00327 .00152 .02470 .01260 - .0 0 5 0 9 .01678 .00935
BI .01329 .00219 - .0 2 8 8 6 .07602 - .0 4 3 4 7 .04580 .02146
AGRI .01823 .01753 .50942 - .2 9 0 1 5 .40115 -.1 0 6 5 6 - .0 1 6 4 5
AGR2 .06187 .02028 - .3 6 4 0 0 .63907 - .3 6 7 3 2 .30396 .06976
AGR3 -.0 1 3 3 7 .01264 — .10600 - .4 0 0 2 8 .65433 - .2 7 9 5 0 .04218
AGRn .04550 .02183 - .1 6 5 1 3 .33948 - .1 1 0 2 2 .15435 .04033
AGR5 .01348 .01632 - .1 7 6 2 5 .08922 .17584 .00283 .04143
RGRI .00082 .00031 .01610 -.0 0 2 4 4 .00033 .00195 .00050
RG R2 .00115 .00034 - .0 0 5 9 7 .01179 - .0 0 7 3 2 .00603 .00150
RG R3 -.0 0 0 3 0 .00015 .00050 - .0 0 7 1 8 .00865 - .0 0 4 3 0 .00045
RG RU .00030 .00014 .00064 .00101 -.0 0 0 0 3 .00085 .00037
RG R5 .00013 .00032 .00032 .00025 .00036 .00029
AMRI .01799 - .0 0 3 5 8 .00256 .00259 .00208
AMR2 .00915 - .0 0 5 4 8 .00495 .00139
AMR3 .00781 - .0 0 2 5 2 .00143
AMR4 .00406 .00173
AMR5 .00162



m
TABLE 51. WITHIN SIRES COMPONENTS OF VARIANCE AND COVARIANCE FOR 
LIFETIME PRODUCTION AND GROWTH TRAITS (POOLED DATA FROM RAMBOUILLET, 
TARGHEE AND COLUMBIA EWES)3

T r a i t s ATLB ATLW ATWW ATFP A k EI AGRI

ATLB 95.252 68 .7 4 9 2297.6 - .5 2 1 5 7 1.0290 .86411 3 1 .1 8 2 17.730
ATLW 99 .758 3548.4 -2 .4 2 3 2 -2 4 8 .8 3 1.3061 49 .735 10 .505
ATWW 138899 149 .92 -6 9 5 2 .8 4 9 .1 8 5 1916 .3 654 .76
ATFP 2 4 2 .1 2 905.31 - .8 3 7 9 9 -6 .2 0 3 7 89 .373
A 34518. -6 9 .4 6 4 -3 7 9 .0 5 1978 .8
k .53165 1.2521 5.6417
BI 29 .122 -8 .3 2 0 4

3V alu es  a r e  m u l t ip l i e d  by IO^ 
C o v a rian ces  a r e  on th e  d ia g o n a l
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TABLE 51. (Continued)

T r a i t s AGR2 AGR3 AGR4 AGR5 RGRI RGR2 RG R3

ATLB 3 .5 3 1 8 18.717 9 .1 8 3 9 11.026 - .0 2 2 3 2 .02427 .13989
ATLW -7 .0 1 3 9 25 .847 1.2728 7 .1 3 0 2 —.0 8 6 10 - .1 4 6 1 2 .30654
ATWW -7 0 .2 5 2 892.41 236 .19 396 .50 -2 .3 5 1 1 -2 .5 5 3 0 8 .5 6 4 2
ATFP 11.059 3 .5353 37 .9 6 2 29 .2 9 8 - .1 3 9 6 4 - .0 8 3 9 9 - .3 6 4 3 6
A 3 0 8 .4 8 1010.9 853.34 935.71 2.7604 .41043 1 .5625
k 1.6711 -2 .9 4 2 2 2 .9 9 0 3 1 .0629 .02710 .01551 - .0 5 7 7 4
E I -3 .2 5 7 9 3.4256 -4 .0 1 4 5 -2 .5 6 1 3 .05096 - .0 3 2 2 6 .10383
AGRI -9 0 .4 7 2 -2 6 .4 2 8 170.11 119.40 5.3657 -3 .0 8 5 9 -2 .0 9 3 1
AGR2 185 .62 -1 0 2 .5 0 86 .874 28.411 -.2 9 6 4 1 3 .3 5 2 8 -2 .0 1 5 6
AGR3 
AG RH 
AGR5 
RGRI 
RG R2 
RGR3

488.53 -6 5 .6 2 4
113 .38

86.495 
• 59 .4 6 2  

67 .407

-1 .4 6 8 0
.66334
.24062
.11673

-1 .7 4 6 4
1.0841
.20676

- .0 0 9 1 7
.06544

6 .3 1 8 3
-1 .8 5 9 8

.39454
- .0 2 4 8 7
-.0 3 0 6 1

.09533
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TABLE 51. (Continued)

T r a i t s  RG R4 RG R5 AMRI AMR2 AMR3 AMR4 AMR5

ATLB .01716
ATLW .01232
ATWW .26U75
ATFP —«06708
A .38715
k .00657
E I .00085
AGRI .26910
AGR2 .20951
AGR3 -.29U 98
AG RU .2U161
AGRS .09051
RGRI .00613
RG R2 .00370
RG R3 - .0 0 5 5 9
RGRU .00270
RG R5
AMRI
AMR2
AMR3
AMRU
AMR5

.01392 .23372

.01U82 .50711

.52503 18.542
- .0 3 2 2 9 - .1 6 0 2 2

.09341 -2 5 .4 7 2

.00157 .18929

.00593 .45617

.02U28 7 .6 2 3 8

.027U2 -1 .7 4 7 4

.15299 -1 .8 8 5 5

.03693 1 .0082

.06836 .20357

.00077 .07049

.0005U -.0 4 3 9 3

.00186 .03112

.00062 .00307

.00059 .00015
.14548

.04848 .26540
- .0 3 8 2 8 .51167

.75560 16.268
-.08091 - .4 6 5 3 9
-3 .3421 -7 .1 5 8 0

.03901 -.0 0 2 2 3

.04158 .28071
-1 .7 2 2 5 -1 .5 8 6 0

2 .4953 -1 .6 4 3 9
-1 .6 3 2 9 5 .9 7 8 8

.99914 -1 .4 5 6 7

.17618 .56334
-.0 0 5 1 1 - .0 2 1 5 8

.04654 - .0 2 5 1 4
- .0 2 8 3 2 .08672

.00285 -.0 0 4 5 7

.00038 .00192
- .0 1 9 1 8 - .0 1 0 9 9

.03582 -.0 2 1 6 1
.08785

.11460 .14538

.16762 .24609
7 .1984 9 .3086

- .1 1 3 8 8 - .1 8 4 7 9
-1 1 .3 3 4 -9 .1 3 1 4

.090 00 .05918

.19118 .20197

.99451 .36015

.98341 .17451
-1 .5 8 1 4 .51566

.97303 .25053

.17999 .30653

.00733 .00172

.01465 .00229
- .0 2 7 0 6 .00449

.00310 .00093

.00043 .00083

.03111 .01899

.01628 .00436
-.0 1 6 0 1 .01226

.02126 .00951
.00990
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MONTANA STATt UNIVOtSITV UMARKS

762 1001 3856 7


