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The  beef  ca t t l e  i n d u s t r y  has  been e v o l v i n g  a n d  changing o v e r  

c e r x u r i o s .  F t s  s c o p e  inzlsdes r k e  n r l o u s  segments rhar na& xp ir 

o v e r a l l  management  p r o g r a m ,  r a n g i n g  f r o m  b r e e d i n q ,  f e e d i n g ,  a n d  

r n a r ~ e t i n g  c a t c l e  with the e v e n t u a l  p r o c e s s i n g  a n d  r n e r c n a n d i s i n g  of 

r e t a i l  p r o d u c t s  t o  consumers ( T a y l o r ,  19% 1 . 

M a r k e t  animals r e t u r n i r q  rnaxinüm p r s f i t  m e r  zLne is z5e ?cal 

of commercial m e a t  p r o d u c t i o n .  T h i s  goai is concerned w i t h  rate and 

- - .  7 - o r r x i e n c y  of production as  wesl as q u a l i t ; r  of ?rgtitrct,, sLnce 

long-term c o n s u m e r  d e m a n d  is d e t e r m i n e d  by price and desirabilicy. 

3 . . 
c r3rn rhe scancipoinr cf ar;iri.al oxpressicr., i r s Q ~ c c l ~ - ~ : : /  

and q u a l i t y  are p a r a m o m t .  

Most  coLmonly, s p e c i û l _ i z o d  seeci stock herds,  r r s u a l l y  with j c r e  

0 - .  . - j r e e d s ,  9rcvlde sires x s e d  Ir- ~ c l n ~ . e r c ~ ~  ?.erds. -x-_?ercra- 'sr* 

no,-mally prociuce t h e i r  own r e p l a c e m e n t  heifers reqüireQ for rnarket- 

- .  anirnal groductioi, a n d  =O z h i s  e x t e n t  perfo-m par: o r  t r ie seec s r x k  

f u n c t i o n .  U n d e r  this production sys tem,  the g e n e t i c  c o n t e m  ûf 2 

c O n T . e r c I a i  herd  is d e t e r x i n e d  8 y  ='ne s u c c e s s i o n  cf sires 'Iseo, 

i m p l y i n q  that seed s t o c k  producers become the p r i m a r y  s o u r c e  of  

g e n e t  i c  improvement . The g e n e t i c  irnprovement of beef c a t i l e ,  a~ 

this upper Ievel of  t h e  i n d u s t r y ,  is e s s e n t i a l  for beef c a t t l e  



sys terns .  

1.1. B r e e d i n g  system 

The choice of breeds and breeding system has traditionally 

- .  P .  been m i e  independenzly o r  r r e  z k ~ 1 c e  S I  ~ ~ a i v i d u c l r  w i z k i r  S r e e a s .  

Thus, promising breeds are first  identified based on addicive 

gonetic nerit f c r  i rnporzcn~  trzi irs .  

Many d i f  ferent b r e e d s  are  available t c  the commercial beef 

Each breed nas s t r e n g t h s  a n d  weaknesses, as weli as supericr a n d  

' ~ F e r i o r  i2 ,d ivLdl~a ls  - * -  - 

The diversicy of breeas and enphasis on c i i f f o r e n t  = r a i t s  i n  

can interactively be dsed in meeting commercial Breeding 

objectives. 

Some b r e e d s  have been selected more intensively for traits 

l i k e  lean growth  a n d  carcass qüality. areeds of ihat clâsc a r e  

identified as t e r m i n a l  breeds. On t h e  o t h e r  hand ,  materna1 breeds 

are recognized to have strengths i n  eow fertility, m a t u r e  s i z e ,  



milk y i e l d  and lonqevi ty .  T a k i n g  as a n  example, the C h a m l a i s  breed 

is widely  ackncwledqed to excel in rhe areas zf Lean  g r o w z -  xi3 

c a r c a s s  q u a l i t y .  There fo re  it is proposed that rhe breed ing  goal 

. . f x  3 e  Charslais Oreou rnclxae m l y  those r r z l t s  3 f f e c r l x j  :car. 

growth ef f i c i ency ,  c a r c a s s  and meat quaLi ty; growth r a t e ,  b a c k f a t  

thicknesç, f e e c  eff ic ier?cy,  e t c .  This is ver-  lociczl s i ~ c o  t ? ~ e  

Charolais breed,  u n d e r  t h i s  s t r â t e g y ,  w o u l d  not c o n t r i b u t e  a n y  

g e n e ~ i c s  co  t h e  maternai s i d e  of  sne product icr i  e q u a ~ i o n .  OF. Che 

o t h e r  hand, the Hereford breed, Fs recognized t o  have s t r e n g t h s  i n  

b reed  w h i c h  for t h e  aspects bee f 

9roducr i c n .  

a reeding  systems a r e  designed to o p t  i m i z e  the atidi t i v e  

produce more pounds of beef fram the same n i m b e r  of brood cows, at 

assic systems of u c i l i z i n g  c r o s s b r e e d i n g  i n  beef cattle are 

l a r g e l y  sacrifice benef i t s  of complementarity. A system of  î r o s s i n g  

FI cows C O  a thirà breed u c i l i z e s  b o t h  h ÿ b r i d  v l q o r  m d  

cornplementarity, bu t  it is  a more complicated system because it has 



some i n e f  f iclencies associated w i t h  srcducinq t h e  F - ' s  (Peters, 

1 9 6 9 ) .  Çeios:ior $ 5  psrocreds f s r  s e  IF. cr3ssbreedizq s;?oii;z 

stress t r a i t s  des i red  i n  t h e  crossbred and may Lnclucie some 

. - .  
a t c o n c i s r ~  t~ g e r - t r â l  x L r J  S-PC:TX c ~ x b i ? i n q  zbiliy. "r Ciif= , e r e ~  

systems of c r o s s b r e e d i n g ,  d i f f e r e n t  Sreeds and d i f f e r e n c  s e l e c t i o n  

-- . goals shouid be zonsi(iereci sr chere rnay De z o r i r ~ x t  i rA  desiraÇillty 

of traits. 

Selection programs are developed t o  allow c o n t i n u e d  g e n e t i c  

progress t ~ w a r d  some 9recef LEe6 breedinq zbf ecr,iv~e wLrhi? the 

r e s u l t i n g  popu la t ions .  Cartwright ( i969) argued tnat s e l e c t i o n  f o r  

- .  . qer -erz l  pür-cse z a ï z l e  Ls sn 3 3ecroasi.q r x o .  s a r c  

placed on mature size and milk p r o d u c t i o n .  

. - .  
Zr .phss i s  was givec ~ i e v e l o p m e n ~  3 5  spec-a-izeC a m  l i r e s  

a n a / o r  breeds w i t h  focus on r e l a t i v c l y  small s i z e ,  ear ly  r n a t u r i t y ,  

. - .  . - .  - .  . .  - - .  - .  
5esLred  rn:L .erg qca-  ri os, f reêc' ,c~.  Efr î r r  Z L - C ? . ~  C L T X C L Z L ~ S ,  

fernale f ,rt ility ( p e r h a p s  ", innii .g)  2nd q e n e r â f  ssundness and 

. . .  . . - .  
a d o ~ z o ~ l ~ : t ' j  i C a t ~ - ~ r i q n z ,  3 6 ;  . 3elezrix 02 specs- :zec s i r e  

l i n e s  a n d /  o r  breeds f o c u s e s  on nigh r x e  cf gain, e f f i c i e n t  feeil 

. .  . . - 
Z O ~ V I ~ ~ L S P ,  g Z ~ X S J ~  c e ,  re2der 3 s a l x s x e  2cez 

( C a r t w r i g h t ,  1 9 6 9 ) .  These t r a i t s  are c h c x e  des i r ed  i n  a feedicc  

s t e e r ,  

Trends towards special purpose  beef cattle i nd i ca t e  t h e  

feasibility of cons ider ing coordinàteti  or i ~ t e q r a t e c i  ~ r o t i c c t i c r  

systems. Both vertical and horizontal integration or cooperation 



û f  beef production has the effect of s h i f t i n g  empnasis frorn t h e  

l. 2 Breeding Objectives 

The objective of beef cactle improvemen t  p r o g r a m s  is t o  

determine wnich individuais w i t h k  a fierd are of s ü p e r F o r  qe3eric 

v a l u e .  I n  order to a t t a i n  ~ h i s  goal, i t  i s  n e c e s s a r y  t o  d e f i n e  

- .  breeding cbjeczives, âr.2 dezernize w h L c h  ~raizs a r e  e m n o n i ~ a , ~ y  

i m p o r t a n t  to  a c h i e v e  maximum prcf  i t  at e n t e r p r i s e  Levei . Xa:iirnizing 

- - .  prof icability ,.. i nvolves  r r - u ~ ~ p ~ e  i n p t . x s  ma scxpxs  and x h i e v i y  

a b a l a n c e  among rhern. The traits i n c i u d e d  Ln t h e  oreeding ob jec t ive  

. . 
sksuld De seleczeG C y  xeir i a p z r c a r x e ,  i ~ C e c c n i e r ~ t  ly 2 2  t?-ei r 

d i f f i c u l t y  a n d  cost ( P c n z o n i  and Newman, 1 9 8 9 )  . 
P 1 - - ? n i  r r  L srressed r.-e . eod  rz ,se - i a r i a z l s r .  â ~ . c r . ~  

breeds f o r  maternai and terminai traits, r e c o g n i z i ~ g  t h e  

- ocssibility 3 5  anizqcr.is.ns Sezweer: s i r e  z? mz. A e Z O ? Z - . j r  

simulation models h a v e  oeen developed t o  a n a l y z e  the econorn ic  

i n p o r t a n c e  of  21  r r s i r s   ri zhe whole proCacrisr. sÿscern X o o t s ,  

1 9 9 4 ) .  T h e r e  is, however,  still a need  for a s i m u l a t i o n  mode1 t h a t  

accounts for differences  among bioiogical r r a i r s  or. s i r e  c r d  dam 

lines and  a n a l y z e s  t h e i r  genetic a n d  economic f e a s i b i l i t y  in a 

nucleus o r e e a i n g  herd Frnp lement ing  reproductive technologies. 



1.3. Reproductive Technologies 

The gcal cf producers p six^ r o p r ~ c : c z l v e  :ec?.mlsqFes is -9 

Fncrease reproductive potential. The use of a r t i f i c i a l  insemination 

:A3 c n C  r n a l t i p l e  g ~ t i l ~ r i ~ ~  2nd enbryc r r s - s f e r  :%GE?': has ?mv& 

chat these new technologies can be iised CO create substantizl 

increases the r a t e  sf qeneclc i rnprmmnex  of 3 population (La29 

and H i l l ,  L975; Smith, 1988). A drawback o f  t h e  use of chese 

ïechnoiogies Fs thai they have the p o c e x i a l  zo ixrei îse the racF 

of inbreeding. Arnonq the approaches devised to prevent inbrêeding, 

one ha2 to consider c ho S e l e u t L u c  E c r  an izcie:~ t ? 3 t  ' ~ k e s  ~ c C C ~ J F . ~  

of inbreeding as well as genetiî rneri~. Woolliams and Thompson 

. .  
0 : l W 4  j vieweci selecrion and inbreobin-  as  r w c  slrrerenz aspeczr cf 

a process  Lhac can ~e described in Lems of the rnatrix of 

- - rela~icnshigs amcnq sa l  menbers of 3 ~ o p i l a t i o ~ .  

1.4, General Objectives 

7' ,ne sD2eczives sf r k i s  rt.esi3 ,NE: 

1) To develop and study ~ e e f  oreeding prograns 

of the ci i f  ferer.ce ainong 5zeetis/ l h e s  i x i ~ D i n g  

and terminal characteristics. 

2 )  To stadÿ qenetic improvemen~ s t x c t c r e s  ~ h s t  ma& üse of  recent ; y  

developed reproductive technologies as a tool for accelerat i n g  

genetic progress.  

3 1 To evaluate the economic feasibility of these breeding SyStemS 



and reproductive technologies. 

- .  - ,  C h â p t e r  2 p rese r r s  3 revlew cf rke -rieratzre Z n  , -  

development of special ized Ilnes; ( 2 )  embryo t r a n s f o r  and r e l a tod  

zochniques; and : ? ) x c l e l i s  ~ r e o a i ~ ~  F r c i g r m r .  T' -2e ubjec~Lve of 

chapter  3 was c c  comparatively study ~ h e  implementation of a beef 

- .  r i w i e u s  breeding 9rogram fûr selectim Ir: c single ~ r n e  versüs  

specialized lines irnplernenting MOET or in vitro ornbryo p r o d u c t i o n  

( W E P )  . 

C h a p t e r  4 describes a cornputer mode1 of commercial and 

specializeci jeef p m c u c c i v r  syscorns a d  conpares x e n a r i v s  

represent ing specialized product Son sÿstems v e r s u s  a ammercial 

A.I. b e e f  herd  - ~ s i n q  =errcir:& z x s ~ ~ r ~ c j  . T h i s  vtidy a l s o  

detemined if m a r k e t  m i m a l s  could  je produced emnomicaIIÿ 

. . .  cvr.sFderi ng e m ~ r - / c  cos=s .  - .  gecera, ~L-;Z:Y 5 r . r  of t-he resi31t3 a~", 

i rnp l icac ions  of t h e  studies is presented in the finai chapcer .  



LITERATURE REWIEW 

2.1. NUVEL BEEF 8REEDïNG PROGR2bM 

-r - - .  A e  genetic iinprvvenei,: of csrnrr.ercF~, , I T I ~ S C S ~ ; ~  invo--\-o~ 

s e l e c t i o n  among available breeds, choice of a breeding system, and 

onqoing ç e i e c t i o n  of inaivicuals w i c h i n  breeds o r  srcssSrec cypes .  

Breeds c a n  be c o n s i d e r e d  as l i n e s  within a species that d i f f e r  in 

geno frequencies X e ,  1996  1 . These diiferences iF f r o q ~ e n s l r  a r e  

usually a result of ernpnasis o n  d i f f e r e n t  traits i n  s e l e c t i o n ,  

. - e h  :?urCs.n iz f lxercec ,  T r  n x c r a l  selectiw. rr t h e  9reeas 

o r i g i n a t e d  f rom d i f  ferent geographical locations - Breeds are 

-. - . - .  reccxpizea f c r  r h e i r  Z ~ ~ Z Z ~ ~ G Z  F m  ro 3 e  û v e r a l ~  p r o f  ito81,~=*/ sf 

che commercial beef enterprise. Some Dreeds nave been selected m o r e  

- .  . - i ; L t e n s i v e i y  f o r  crairs e ; e x L  r t  - 3  z a x a s s  q i l o ~ t y .  

9reeds O L  that class a re  icientif ied as  c e r r n i n a l  Dreeds. On  t h e  

c r h e r  ha?@, m ü t e r ~ a i  breeas z r e  recsqnizel2 c c  kave ç t reng? .s  i .  :ne 

areas of cow f e r t i 1 i r y 8  m a t u e  s i z e ,  r n i l k  yielci and Longevicy. 

h . - , r î s sDrêec i ing  p r q r a m s  Invc lvL?g a t , e - ~ l . n z l  s i r e  2. :.le zx-merzlc, 

(rnaternal) herds are a cornmon practice i n  beef production. A 

problem occurs on the materna1 sL-- when l e a n  growch, cârcass 354 

meat q u a l i t y  aspects e n t e r  l n t o  t h e  p i c t u r e .  S i n c e  the s l a u q h t e r  

calf produced by the maternal l i n e  cow carries one-half of  her 

g e n e t i c s ,  the maternal l i n e  t h e n  h a s  a large i n f l u e n c e  o n  lean 



growth ef ficiency, carcass i n d  mezt quâlity genetic potential of 

+ .P 0 - - - .  ,.., zaiz am3 fience -,ho r x a l  p r ~ d x c  znU e S L C C ~ S S  #:f -+'s -.-A- 

s y s t e n .  The  emphasis of selection goals for either sire lines or 

-7 - - .  dani Lznes, ir c i i f f e r e x  ?-or is ,  s k i e r s  5 j eo r  ~ n a ~ s t r j ,  5 r g m  2 

general purpose to specialized strategÿ for Doth breeds/iines and 

breeaers ( C a r t w r i q h t ,  197C) . 

2.2. NEW REPRODUCTIVE TECHNOLOGIES 

New reproductive technologies, s u c h  as multiple o v u l a t i o r ~  a'd 

embryo t r a n s f e r  (MOET) ,  in vitro embryo production ( IVEP} , embryc 

. . - - spi:ttix, c l s n i ~ q ,  se:-:irq sf semeri 32a e m b r y r ~ s ,  as w e , ~  as orher 

technoloqical procedures, are oeing developed to study b i o l o g i c a l  

eanryo cievelcgnerx a r ~ d  a r e  \:or~seq;ienr, ly q e n i ~ q  zew appor t r i r~ i  t ios 

for genetic improvement proqroms (Smith, 1984 ;  Smith, 1989; 

- P. * aarnes et 31. 1391; S e k k e r s ,  1392; Se~rerioUe, i $ 3 ~ ;  3etterLdqe CEG 

Fiicger, i993; Wiirnuc and  Campbell, 1994;  3 a s l e r  et al, i 9 9 5 ;  

- .  . Lonü:s, 1995; T h i b i e r  and Xibar i ,  1355; ?u~led?e, I J 9 6  : . 

2.2 -1. EMBRYO TRANSFER FOR GENETIC IMPROVEMENT 

Zrbryc  t r a n s f e r  ana reldced techniques hsve ooe?. the f s x s  cf 

work a n  the development of breeciinq strategies to a x e l e r a t e  

genetic p r o g r e s s  i n  c a t t i e  a d  sheep,  by decreasiRg tne :ms~raints 

imposed by a rather lcw fernale reproduction rate. E a r l y  st~dies on 

the use of MOET i n  c a t t l e  n u c i e u s  b r e e d i n g  schemes (Lana ana Eill, 



1975; Nicholas, 1979 -  , Nicholas and Smith, 1983; Colleau, 1386;  Juga 

- 3 2 5 ;  ar,a Maki-Taniia, 3 - 7 ;  S r ~ i r F - ,  A ?cane, 3 5 %  ÏWcl23n~, 19E3; 

Keller and Teepker, 1990 ;  Dekkers, 1991; Bet~er ic ige and Rieger, 

- - .  - - 
I l  1993; Lc i iu i s  ec 2,. 1933; ~r , , a , . i~~eva  oz  2. 1934) rJemci-scrszcd t5e 

potential of reproductive r o c h n i q u e s  for cattle gene t ic  

improvenienc. The p r i x i p i e s  0 n u l r i p l e  ovulation and ombrÿc 

transfer (MOETIare f o r  m o s t  s i m p l e  p r o c e d u r e s  and e n a l e  a 

valuable cow to have more g e n e t i s  o f f s p r i n g  than nature in~enaed. 

MOET c m  a d d  to che response rates with current breeding systems 

by zllcwinq for Tore Lnrense a?.< accLratc seiec'ic?, sinre ~ h e r e  

are more records p e r  elite a n i m a l  f o r  genetic evaluation. Embryo 

- - 
t r a n s f e r  3150 a x e c t s  g e n e r a r i o a  intervals, s i r z e  ~here a r e  m c r e  

replacement females available wnich  c m  raise the c u l l i n g  rate a n d  

. . lower the gecerztizy. i r icerval .  S Y J ~ ~ F -  :l3$g ) revlewec 2nd , ~ : S C X ~ S &  

the l i t e r a t u r e  on  MOET in t h e  yenetic improvement of sheep a n d  

zâr ,c le ,  arid -ciritec 3 2 ~  s d ~ ~ z r ~ : a g e ç  ci;.a: - 3 3c.-sr - - -  2 F  . .AS d ~ - 2 r € 9 L  

breeding schemes were adopted. The hiqnest genetFz response rates 

. . were c i t e f d  cc: oe 35cainelA w:-,-. r:-~c-e;is ~re(3li inc;.-seioz:isnL '2r:i:s 

bred by MOET. Adult MOZT alLoweci f ~ r  rnocierate g a i n s  in genetic 

. - . -  . .  . response, whl-o j zvenr LP MOCr  yielceC n lgner  qair~s. S m i t h  ( 1 3 5 -  1 

concluded t h a t  effective MOET usina juveniles was required t o  f u l l y  

implement tne p c s s i b l e  a d v ü n t a g e s  o f  MOET i n  g e n e t i c  improvement. 

Wooliarns and S m i t h  ( 1 9 8 8 )  gave a n  e x a m p l e  of a n  adult s c h e m e  in 

w h i c h  cows nad 8 p r o g e n y  by 3 yea r s  of age, and a herd  with cm-11 



5 1 2  recorded cows could achieve a rate of Lmprovement of 2.4% of 

L .  . . ~~e ?.ex. p e r  year,  ornpared  2 . 9 9  Ser year  2 l 2 r - o  

conventional progeny testing scheme, 

. . Ai~h02oh XOET ?rcduces e:crrz qeneric Tz'r~ sy increasing L F - ~  

reproductive capacity of fernalos, tno details 3f its hmplemencation 

(seleccicr, on pedigree c>r sin i r L ~ - m a t i l ~ ) ~ .  versxs progeny cesring, 

closed versus open schemes, centralized v e r s u s  diçpersed nucleus) 

i n  cractical Dreedinq proqrams a r e  srili m c l e a r .  TeepKer ('590) 

indicated that some flexibility on operational parameters ; i . ~ . ,  

ernbryo recovery and r - r ans fe r  rec5?.icxes, r i r e  2r.d ~ Z T  :sage, x c .  ' 

is needed before practieal recornrnendetions of breeding sÿstem 

- - - -  strxcture can be made. - ~ c h e r  theorecical w o r k  is n e e a e e  r s  : ~ ~ ~ y  

understand the potent ial of MOET, and ~ h e  r e l a t  i o n s h i p  betweer. 

- - genecic gain 2 x i  b r o e Q L r q  s c k e m c ,  especia--7 iz 8eeE c a x l e  

Dreeding . 

2.2 - 2 .  IN VITRO EMBRYO PRODUCTION (IVEP) 

, . -  . . S tient if L C  a d v â ~ e e s  L .  ê ~ ~ 8 r - p  : r x L s  fer  . û v e  crA:;:c,2 x r s  

p rocsdure  f rom technical d e v e l o p m e n t  t o  commercial p o r e n t  iai in 

- . - .  c e  i? v i t r o  r n s t - i r a z i c ?  ^rd :~~ZLLLZZC:S~ --  m c y t e s  
+ - - 

(IVEP) (Betteridge, 1992) . This tecP-3logy opens the possibility of 

producing large n u m b e r s  of emryos, with s u b s t a r i t i a l  aava;!rqer 

in t h e  rate of genetic improvement. IVEP can be an alternative to 

MOET schemes by decreasing generat ion inr-ervai,  and z h e r e f c r o  



offering the potential to insrease che rate of qenetic improvement. 

. . Wich T'JFP, zime c o n s i r a i r i s  zrsaspear, since m z i ? ç s  a r e  done ir. 

the laboratory. Lohuis (i995) invesîigated the genetic implications 

of IVE? ir. a d a i ~  nuclecs ~ n c  siigqertoa Dezefics h içher  zhar =?ose 

expected for MOET programs: a 20%-25% faster r a t e  of gener-ic 

inprovem~nt chan  wirh a proqeny  cesring scherne. ;r is e s s e n c i a l  

that before MOET or ITJEP is adopted, p o t e n t i a l  benefits and risks, 

both genetic and oconcmic, are c o n s i d e r e d .  T o  be able co aake this 

decision it is necessary to obtain realistic views on b a t h  

. . 
rechnologios and dece-mine x e l r  effec~iveness, 9o:C nsw ar.-J il r k e  

f u t u r e .  

. . Yacleis oreedifiq schernes have  ~ e e n  advocaïed zo capi~i-~zo 

or. embryo transfer technclogy. idücleus  breedinq schemes are 

breeding src>crams i r~vo iv i r . ?  &i:e j r o i p s ,  c k e  b e s t  males Z T L , ~  

fernales combined in a nucleus (Bourdon, 1997 . I n  a closed nucleus 

scheae ge-m plasrn fiowc in c z l y  9r.e di rocz ic r . .  i-qinals prodcce:1 1: 

the nucleus are used in cooperating herds. In an open nucleus 

- .  schemê 2 compârison is naàe o r  :ne x o c k  in crLo nüsleus tr ikê i ~ s t  

animals available from p o p u l a t i m s  5eing tested and ranked on the 

basis of BLUP. This approach reduces risk cf inbreeding i au rn r l de  

and Smith, 1 9 9 4 ) .  

Studies focusing on the consequences of opening dairy nucleus 



on the male side by s e l e c c i n g  sires across  tiiose a v a i l a b l e  w i t h i n  

and  oürside 3 e  nüclecs showed  1s Se acivaxa-ergs ir. r e l a i i c n  

a closed nucleus (Colleau, 1986; Dekkers a n d  S h o o k ,  1 9 9 0 ) .  T h e  

D e n e f i ?  of  3penicg a dalry ? u c l o u s  rr! zhe fomlo  side =a cows f r m  

t h e  commercial p o p u l a t i o n  i s ,  h o w e v e r ,  less clear .. O p e n i n q  t h e  

n u c l e u s  resülted i n  a r o d u m i o n  in pêneric v a r i a n c e  because of 

i n c r e a s e d  fernale i n t e n s i t y  and accuracy of s e l e c t i o n  ( D e k k e r s ,  

1992). T h i s  resuired in a substantiai decrease i n  ascuracy i n  cne 

n u c l e u s  a n d  a large desrease i n  g e n e t i c  selection d i f f e r e n t i a l  for 

. - males, w h i c h  dorninate t i  t h e  i n c r e a e  i7 s e l t c t i o r  Sifr ' feronzia-  fsr 

fernales. Lower genecic gains for  c p e n  n u c l e u s  schernes are a resul t 

of t n e  effects of p r i o r  seiection or. gener-lc v a r i a n c e  anc  a c a r a c y  

[ D e k k e r s ,  1 9 9 2 )  . 

A n u c l e u s  b r e e d i n g  scheme san be J e f i n e à  l o g i s t i c a l l y  

acccrd ing r _ ~  p h y s i c a l  allccazion ef zhe ~ r a e a i r . c j  Zernzles as a 

centraLized gr dispersed nucleus. In a centralized nucleus herd,  

. . e l i z e  animals are  mar.aged i n  a qrcup w i z i - i r  â s i n g l e  locâtis-. 

C e n t r a l i z e d  n u c l e u s  schemes  have t h e  advantage cver dispersed 

. - r a c l e u s  s i nce  er.virr,,r,rri.er.t ir cuncroi~ec a n a  r'erzle selecric?. LS  

more a c c u r a t e ,  but  ~ h e  s i z e  of t h e  n u c l e u s  iimits select ion 

i n ~ e n s i t ÿ  and can lead to inbreedir ig  proolems (Loh~is, 1995; . -1 
c e n t r a l i z e d  n u c l e u s  o f f e r s  t h e  opportunity t o  record i m p o r t a n t  

e c o n o r n i c  traits, such a s  feed e f f i c i e n c y ,  and  i n c h d e  t n e m  i n  a 

breeding objective. Although centralized nucleus schemes can 



exercise greater cont roi a n d  provicie improvement f o i  more t r â i  ts, 

. .  . the assocla~oa c m r s  car. 5e q~i:e mqn. 

Dispersed s c h e m e s  are strategies i n  which MIET is performed 

- 7 .  . . 
on elize fernales =O p r c à ~ c e  larqe 5211 z?c kzlf-riE i a r n ~ ~ x s ,  x h l m  

are t h e n  iispersed i n  the g e n e r a l  cow p o p u l a t i o n .  Dispersed n u c l e u s  

schemes cari a l s o  a i i ~ w  for l a rger  p o p ü h t i o n  sizes and resulzing 

bwer i n b r e e d i n g  rates.  Dekkers ! 1992) c o n s i d e r e d  dispersai of the 

nucleus i n  dairy breedinq grograms. Heuwissen 1 198 9 3 demonstratei 

tnat a centralized nucleus herl does not have advantages over use 

of  YOET Z n  bull-dams i:- a prrgery cos. ,  becsuse 5 e  l x t ~ r  leacs 

to development of a dispersed nucleus. Nevertheless, there are 

. - .  severil  âtivancages z 3  ür:_rza~isn cf 3 z e n t r â l i z e a  n x l e u s  s~nemo. 

Lohuis (1995) argued that i n  sountries with well ertablished and 

- * 
x b i a s e c !  2 a ~ i o r . i :  zecnrding srDgrsms,  cLscerse, l  sc?.emes o r r o r  

corncarable r a t e s  of g e r e t i c  improvernent and are easier t o  f i n a n c e .  

. . The Senefits fr3m r e c o r j i r : ~  irimals su?s:ae rhe xüilecs z r f  o f r o n  

marqinal when  secondary t r a i t s  are  inclüded in t h e  b r e e d i n g  goa i  

- ? P -  .Merwissor!, - 9 9 -  . 

2 . 4 -  SYNTBESIS 

Practical techniques for ernbryo t r a n s f e r  i n  farm animals were 

developed aDout 20  years ago a n d  since t h e n  they have been appiiea 

increasingly i n  anisal breeding, s p e c i a l l y  in catt le. The methods 
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Embryo technologies have been ueli accepte6 i n  t h e  dairy 

. .  . . - - - - i x i u s q ~ ,  w n x n  nar  made e x e s c i v e  use 2: A, a n C  2- i2 sxsh a ucy  

t h a t  large numbers of siblings a n d  p r o q e n y  have S e e n  accurnularred 

- 1.. a sno r ro r  r e r l c > d  3f ::me zhari 2 c c ~ c i i t i ~ r . ~  m c l d  have 

ailowed . Application of Ai and ET has n e v e r  been a s  . succes s fu i  in 

. . 
t h e  beef indüstry a s  iZ nas oeec I n  ùairy.  Therefore, it generà11:~ 

takes tirne to get large numbers of records on a group of related 

individuais cr progefiy. 

S i m u l a t i o n  studies have b e e n  used t c  comparat ively study 

d i f f e r e n t  b reed ing  s t r a r e g i e s  in zhe iairÿ, sheep ,  p x l c r y  azG beef 

industries. T h r o u g h  s i r n u l a t  ions à f ramework c a n  be develped ta 

" *  . , 
stzdy d i f f e r en t  scecar ios  beixe zle~a implernentscior-. This 3 e s l s  

investigates tne use  of new r e p r o d u c t i v e  t e c h n o l û g i e s  t h r o u q n  rhe 

. , .  - s i p , ~ l a c i s r  TE s p c i a l i z e d  are  FOC-sgecialized Deef l i ~ o s  XX?.L:- 3 

closed breeaing nucleus. A f u r t h e r  s t e p  is a l so  attempted w h i c h  is 

- L b  n s=udl,- :te ecoriomlz feasiüili:~ a5 ~ r û ( 3 ~ c i r . g  mark: bêe f  sninols 

i m p l e m e n t  i n g  m u l t i p l e  o v ü h t  ion  a n d  embryo t r a n s  f e r .  
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SPECfALIZED TERMINAi, 2WD MA- BEEF LINES V e R S W S  SINGLE LINE 

SELECTION IN A NUCLEWS BREEDING PROGRAM IMPLEMENTING M3ET OR 

IVEP 

3.1 Abstract 

A simulation mode1 was developed to investigate rates of genetic 

irnprovemerit in specialized niatemal and paternai lines to zompare 

with single line selection. Specialized and Non-specialized 

breedirq schemes xere zornparacively stadieà i n  a closeci nszieus 

herd frarnework iniplementing MOET or IVEP. 

- .  R a ~ e s  of genetic g a i ?  in specializec s i r e  a2d d a m  -.ces xere 

significantiy higher than genetic imwrovement achievea in non- 

- .  speclzlizri schernes. E I f i c i c r q  35 s e l e c c i c n  ir. Ncn-specia~:zee 

lines was cjreater w h e n  genet ic z o r r d a t  ions between terminal and 

- - C .  . n a w r n e l  t r a i c s  were f â v o i r a ~ l e .  =r:x;enry of r e l o s z i n q  ic Bon- 

specialized lines was also Sependent on the ratio of hericabilicies 

and re la t ive  econar;i.ic weig5c.s 3etweer! m e  220  zer~.~: .& 

traits. Efficiency of selecting i n  Non-specialired iines increased 

as the r a t i o  of nerica8il;tles of ce-rminal r 3  rna~ernc i  T ~ Û L L S  

increased. Efficiency of selecting in Non-specialized beef lines 

increased as che ratio of economic emphasis Setween zem-inai and 

materna1 traits decreased. 



3.2 Introduction 

Rather than disperse breeding and selection aver many breeders 

- - a r ~ i  A. I. n u s l e l i s  ;nits, 2 rnay 5e becter C S  ancentrace errar: ir. 

dedicated selection s t o c k s  and. u t l i t s .  ï'hese are u s u a l l y  cailed 

nucleus ünits and scocks.  Yorz 3f z l e  aivanrdqes of nuclezs z e i z s  

are derived from the genetic gain achieved when the elite nucleus 

popülation is forned, b e i r q  r ê f e r r e d  t,? as qenetic l i f c  {Geârhearr ,  

1990  ) . F u r t h e m o r e ,  n u c l e u s  schemes allow for increased û c c u r o c y  

in selection, and ar! i n z e a s e a  s e l e c t  ior! i rxens i r - - - .  Yi :hol~s : 157 9 

and Nicholas and Smith ! 1 9 9 3 )  outlined dairy cattle breeding 

schemes usinq ncc lous m i z s  cf C i r e  s i r o s  anc dams cF.oser 5 r m .  .ho 

breed population and allocated within a nucleus for further study 

* .  
r\ - the i r n p - l c a ~ l o n s  cf MSET cr- ? e n e ~ i :  impro-iernex 3 & ~ y  

population. The genera l  conclusion was that MOET couic! produca 

su~scancial Lncreases in :ho r a r o  -.f generiz laproverne?: :P. sr-y 

s p e c i e s  i n  w h i c n  n a t u r a l  reproduct ive  race is iow; and t h a t  if high 

. . 
r a t e s  of erbryc  z r i n s f e r  x ü l d  5s âcr. :~-~ed,  :te r a z e  3 - e n e t i z  

improvement cculd even be doubled. 

Nucleus ~reecinq schemes wirih PICET have beer. propcsed as a siay 

to f u r t h e r  increase t h e  rate of qenetic progress in da i ry  cattle 

(Ruane  and Thornpson, 1991; D e k k e r s ,  1992) ceef c a x l e  L a n d  anC 

Hill, 1975;  Gearheart e t  a l .  1989; Keller e t  al. 1990; Wray and 

Sirnrn, 1 9 9 0 )  and sheep (Smith, 1986; Wray ana Goddard, 1994). 



Villanueva et 21. (1995) revieweci t h e  l i t e r s t ~ r e  and stated t h a t  

. . - e a r l y  smdies m n i e n c r a t e d  cc esira cenecic pro-ress e:?pecze('; %il-.. 

MOET, w h i l e  more r ecen t  s t u d i e s  have also considered p o s s i b l e  r i s k s  

associatod wi.5 :ho u s e  of  MOET r o r k i q u e s .  ?ece i u c h c r s  s r rosse2  

that DY g r e a t i y  increas ing  t h e  n u n b e r  of progeny t o  be produced by  

s i n g l e  individuais, ger i e t i c  progress  :an 5e irnprooed due co 

increased intensity of s e l e c t i o n .  However, the extra g a i n s  s a n  be  

accompanied by increased Lnbreedi~q since fewer parenrs c o n t r i b ü t e  

t o  the next generat ion.  

Several a u c h o r s  (Smith, 1964; Moav, 1366; Moav 3nd H i l l ,  1966; 

Cartwright et al., 1975; Greqory sna Z x b i E f ,  19X; 3er3e:: oc 21, 

1983; MacNei1 ec al., 1 9 9 8 j  have  s t ud i ed  t h e  development of 

- .  . P - .  . . specizlizeà geneïic ~ n e s  in specrrx r c l e s  w i t r a :  xossb reed inq  

systems i n  order  to irnprove tne p r o f i t a b i l i t y  of  comerciaL oeef 

- .  proàacr,ior,,  :.r is, however, ?GE ~ T ; , o w ?  wrLecrier zhero  s r e  imneaizce 

g a i n s  from selec:ing f o r  overail perfomance of a s i n g l e  line or 

7 .  - .  s e l o ~ z i r . 9  ifi speciaA:z& s i r e  3 ~ : 2  .2ax L~$e3 f ~ z  p r û b ~ ~ i ~ ) i , f  

commercial e r n b r y ~ s .  

3.3 OBJECTIVES 

T h e  s p e c i f i c  ob jec t ives  of t h i s  si+--dy were: 

1) To deveiop a cornputer nodel s i m u l a c i n q  â b e e f  n ~ c l e n s  breedi~q 

program implementing either m u l t i p l e  ovulat ion and embryo t r a n s f e r  

(MOET! or  i n  v i t r o  embryo p r o d u c t i o n  (IVE?) L n  deveiopmenr of 



single and specialized Lines. 

? '  -" 
L !  ; o  stndy rates 3 E  genecic i~provement atcainoc iz spesislizeS 

and single Line beef selection w i t h i n  a beef nucleus scheme u s i n g  

blTET anci IVEF. 

3) To compare relative rates af improvement a t t a i n e d  b y  selecting 

- .  . . .  w i r h i n  a s i n g l e  ~ i n e  ; r ion-spec ia i i zec)  xirh seleccinq w ~ m i r ;  

specialized r n a t e r n a l / t e r m i n a l  beef l i n e s .  

3 . 4 .  METEODS 

3.4.1 Description of simulations 

A dete-ninisciz s imc l a r l o r~  a o u e l  was zsea zc  prod i cz  genecii 

r e s p o n s e  in 3 closed nucleus herd of beef z a t t l e  i m p l e m e n t i n g  

ei;her MOET o r  XE?. Seiecziar. xss rssümec zc je fer LUC ; r à i : ~  

representing a terminal and a maternal trait. GenetFc inprovernent 

. . a ï za inec  i n  specializec s i r o  a n a  dan i x e r  ï a r  mmpareo cc 

seleccioc f o r  t h e  same maternal a n a  c a r m i n a l  rraits on a single 

. . -  - rn ? - L _ c I ~ L ~  purpose  f i e .  Accxu la roa  qeceric r o c c p s e  x e r  - _  

generations of selection uas the basis  f o r  somparison of MCET and 

I V 2  breeding szhenes. 

S e l e c t i o n  in a single line, cornbined overa l l  p e r f s r m a n c e  of 

two componenrr c r a i ~ s ,  M represer-:i~.~ ~ h e  r r a i r  rna~err.ai 9erfo-marxe 

a n d  T r e p r e s e n t i n g  performance of t h e  market p r o g e n y .  T h e s e  can 

represent either a s i n g l e  major t r a i t  or an inciex of  several  

traits i n v o l v e d  i n  each component. Materna1 and terminal traits are 



both expressed in stàndard d e v i a t i o n  mits so that tkeir 

. . 
S m *  * - r t e n c x y ~ i c  variar.ses a r e  -.xi=;-. Le? 1-- _.., .. . 5e 'ho ,,, - - , i - ~  F4q3C1-- 

neritabilities of the t e r m i n a l  and m a t e r n a l  traits, and rp a n 6  rg 

represe~ rhe phenocypi~ izd seceriz : = r r e l x i s ~ s  ~ e r w e e z  zko zwr 

t r a i t s .  The di f fe rence  in importance of  t h e  macernai t o  t e r m i n a l  

=raits, was :anen i n m  âcccunc  b y  i e f i n i n g  :Fie relacive eczzcmi: 

value, ( a ) ,  as the v a l u e  of one s t a n d a r d  deviation change in M 

relative to the value of a change of one standard deviacion ni: 

in T.  The various parameters are combined in a selection index 

- - - - i E a z e l ,  1943 )  which  w i ~  naximize z3.e w o r a - L  qenocic i m p r î - m e c :  

towards some specific selection g o a l .  The selezticrî goal  o r  a 

6 - - ~ e r m i r ! a i  X n e  c i i f f o r s  fr3m i h x  f o r  T.aLerr~a- Ane .  3 rooCi rq  5 r  

fast growth rata, feed efficiency and carcass C r a i t s  is tne rnair, 

. . 
~ f l e ~ i i ~ ) f i  g o a l  frr i s i r e  , -rno. 3 e l o c ~ i z r .  ir ?..i=orn.al 

l i n o s  focuses on maternal a~iiity (milk y i e i d ,  protectiveriess, 

T a a i r e  zow woiqht ) a n c  reprcaix lve  r r z i r s .  3e: e s z x n  ab ies r  Lve ic 

a single line was iief ined by an âggreqate breeding vaiue ; K , as 
- .  - .  - a - x . e a r  f u r - c z i c n  CI r r ~ e  ~ r e e d l 5 q  e s  > azc - 5r  1% t-43 

cornponenc traits. 

The gene-ic improvement realized in sires and dams f r o m  

s p e c i a l i z e d  lines is  expressed in i spesleiizeà breeding program, 

defined as a "Novel" breeding program. In the Novel breeding 

program, terminai embryos are impianted in r e s i p i e n t  cows 

originally from the specialized maternal line. In contrast, in a 



Non-specialized breeding program, enbrÿos :rom a single Line were 

. . - .  h p l a r x e d  i n  reclp:ec= a w s  z l s c  frm. z5az si-slo - i l e  seiec~ioc. 

T h e  iims of selection varied in the different l i n e s .  In 

- .  - - s e l o c r i q  wi~hi~. a s i n o l e  -:ne fur rivera-i ?erfornaEce iie aix ii 

to maximize the change in aM + aT, while ln terminal- and materna1 

l h e s  e seleczicn q o a l s  a r e  c c  imprcve 'I arc! T respecively. 

Whatever the aim of selection, a selection index comining 

information on both :raits w i i i  provide maximum senetic g a i n  duc 

t o  t h e  correlated response on indexed traits if the parameters are 

well esrimaced ~Çivanacian. 1 4 3 5  . 
In order to calcülate relative rates o f  imprûvement by the 

c i i f f e ren t  breeuing schemes, r x k e r  zhar  r:?e a~so:ccê ra t - ,  z r . l i j  

the neritabiiities and ïhe relative esonomic values of the t w o  

- . - .  m . ra i r s  wore considerec. A r x n e  3 2  vi11~es wss s3021z~ec SOT :heso 

parameters and Ehe relative ra tes  of improvement i n  overa l1  

- .  3. D e r f o r m â r - ~ e  2nd spes- L - ' ' - -4 - 1 ï . 0 ~  xere z a l c z l a z e &  -ne rû r~se  cf 

parameters ihosen to r e p r e s e n t  the CWG secs ûf t r a i t s  were: 

- ,  . - .  . T - C 1 -  . . I: levels 3 2  z e r L z a b ~ ~ ~ c : e s  = . , lou) , 2 .  ~3 l neaL -~n  , - . = ---?r. - -  . 
P. 

L )  ec~nornic values = G.0,0. i , 0 . 2 , 0 . 3 , 0 . 4 , L 5 , O 0 6 ,  8.7, a . 3 ,  2 .  3,1.3. 

m .  * 3 :  gonecic corre laz ior i  = -C. 2 ,  --). 4, - L r ,  O .  û , S . 2 ,  2.4,s. 5. 

4 )  phenotypic correlation = -0.7,-û.3,-0.16,0.0,0.16f0.3,0.7. 

Certain combinacions of t h e  parameters -?L, i-.,. g anci r w e r e  noc - .  
possible because the rnatrix is not ~ o s i i r i v e  definite(Searle, 1961). 



In those cases, combinations that were not p o s s i b l e  were excliided 

f rm c h e  daca se1. 

3 . 4 . 2  Type of selection 

Selection was assumed to be cn an index of economic merit with 

recoras a m i l i ~ l e  aiz 15 m o n t h  of age on m i e s  a-d fernales, sire, 

dam and a group of half and full sibs for the MOET scheme. For the 

IVEP program, information on dam and sire xas x e d  CO caLxLaîo t he  

index for selecting female donors. Dams which had been used in 

aspiration were assurned r o  have made a recor2 for boch zhe mater?& 

and terminal traits by the t i m e  of  s e l ec t ion  f o r  the r i e x  

- . -  g e n e r a t i o n .  Sire seleccicr. ir. rhe IMP prcgrâm uas &ses 3r. a ru--  

family index as described f o r  the MOET program. 

3 - 4 3  Parameters  used for MOET and ïVEP 

The  nuniber of viab le  enibryos p e r  flush, rate of ~oriception on 

a fresh iniplàr~c  D e s i s  ;MOET scherne; reprosencs =rLe :zrrer:: r i res  

ontained in Ontario (Hail, 1393) . In the IVEP prograrn the n u m b e r  

. - of o o c y r - e s ,  roces  of  f n r x - i - y  and q e  c.f Eeriales a= a s g i r a i i c r :  

a r e  described by Earl et al. ( 1 9 9 4 ) .  The parameters used fcr  

- - developing a MOET/IVEP nucleus prcgr - i .  2zo riescribeci 3: Table 3.1.. 

They include nucleus size, ernbryo t ransfer  per donor, conception 

races, rate of sürvival to selection, aqe at flush or oocyLe 

aspiration, generation interval, number of donors, number of sires, 



mating ratio, p r o g e n ÿ  s i z e  and selected p r o p o r t i o n  of males a n d  

f ernales. 

A s i n g l e  flush was as sumed  i n  MOE'ï schemes and p o t o n t i a :  

- -  . . - 
r àcnors were a l s :  ~ s e à  39 r o c i ~ i o ~ ~ s  C C W S ,  a i x r  oei?? r x s n e c .  --. 

X E P  b r e e d i n q  schemes ernbryos were implanced i n c o  d i f f e r e n c  

r e c i p i e n ~ s  sows, sirice 3 0 C ï i S  a s p i r a c i o n  xss p e r f s m e d  a-, 2 nicricYs 

of age. 

3 . 4 . 4  Simulation structute and associated standard selection 

differential, inbreeding and genetic response. 

Seiected sires and dams xere u s e d  o n l y  o n c e .  T h e  number  of  

recipien: m w s  l~sea each q e n e r a c i o r  defined z h e  h e r è  s i z e  ?na rzs 

set a t  510 r e c i p i e n t s ,  according to a srnall n u c l e u s  s i z e  d e s c r i b e d  

DY K e l i e r  er al. :199Y; . I f e  groqeriy ~eceraticn was prcidixe(i ,s z 

single cohort. A distinct g e n e r a t i o n  ï as  used a s s u r n i n g  c h a t  a v e r a q e  

. . 
breedin~ i a lues  se lec-ec  q r r r p  2nd rie:<- q e c e r a z i ~ r  were x ? . e r  

t h a n  the p r e s e n t  generacion. A s e c o n d  assumpciûn f o r  us ing  3 

c i i s t l n s ~  ger .erâc ior  5s  base4 2 =.i..e fa:: zhar :he r s c l e ~ s  s i x  

s t u a i e d  w a s  srna11 a n d  the  amount  of i n f o m a t i m  availâble fcr 

- 
seleciion in zhe n u c l e u s  d ia  nez aiiow f o r  k i q h e r  a c c x a c y .  - r 

d -  

schernes r e l y i n g  on one  Ei i i sh  p e -  donor (MOET), the g e n e r a t i o n  

i n t e r v a l  was a s s u m e a  CO De 2 y r s .  Oocyce aspiracior .  s r a r ~ e d  zr. 

fernale calves at 2 nonths of age a n d  fernale genera t ion  interval was 

1 . 3  y e a r s .  



3 . 4 . 4 . 1  Selection differentials 

- 9 .  . - -  SLLL (13761  rnowec char szan5ar.',izeS selec:io~ .iirrerezc:a:s 

are a f f e c t e c i  by population structure as uell as s i z e .  H i l l ' s  

equation xas der ived f c r  s e l ~ c r i z r .  ir. a ? o p u l z ~ i 3 ~  3 5  .;r.relarod 

families each of eçual s i z e .  

Standardized selection d i f  f e r e n t i a l  was adjusted f û r  

. . population size and s r ruccure  acccrding zr E L - 1  (1976) : 

r l = I -  ( 1 - p ) / { X p [ n s ( l - p )  + s p + l ] }  Cl] 

. - 
L :  = realizec scacdardireQ selection d i f f e r e z c 1 3 -  

adjusted for popuiation size ana structure, 

. - -  - - = szandar3 izeà  s e l o c r i e n  5 i f f e r e f i ~ ~ o ~  13r 3' 

i n f i n i t e  population of unrelated Lndividuals, 

irr = c rcpcrz iu r i  selecie+ 
U r  

n = f a r n i l y  s i ze ,  

s = m,mj=er cf grcaps ar-e 

o = i n t r ac l a s s  co r re l a t ion  among observations 

- . -  
:ri a ~am;-y. 

Keller e t  a l .  ( 1 3 8 9 )  modified Hill's ê q u a t i o n  ',O a c c o u n t  for 

hierarchicai  r n c ~ i n g  ssea i n  ciosed n u c l e u s  Sreeairq schernes. 

I n  a closed n u c l e u s  breeding scherne with hierarchical mating, there 

is a mixture of f u l i - s i b  and paternal ha l f - s ib  families chat  ~eccme 

related over tirne. Realized standardized selection differentials 

were computed for s e l e c t i o n  among full-sib families 1 .  a n a  



selection among paternal half-si8s 11.. . )  separately, accûrding C O  

- 3 -  Keller e~ EL. 1, :XW . The i x r a c l a s s  x r r e l a y i o n  arnccc x l A - s i b  

families was estimated as the variance of an index based on f u l l -  

- .  slD, g i t e r n a -  r a l f - s i n ,  zarn an5 r i r e  roçc res  dividea jy z 5 e  

variance of an index based on own, full-sib and ?aternal hali s i b ,  

. * -  dam and s i r e  records [full index!  ~ L A ~  7 The intraciass 

correlation among p a t e r n a l  half-sibs was estimated as the variance 

of an index based o n  p a t e r n a i  haif-sib recorcis on iy  d iv ide6 by ~ k - :  

variance of the full index. The full  si^ farnily size was defined 

for t h e  c u r r e ~ c  o r e e c i i m  - - o roq ram i?y I/:< t h r s  t h  x m e r  ûf 

p a t e r n a l  ha le  s i b s ,  where x is the number  of dûnors  oer s i re .  The 

.- overall realized ci5 ferenrial 1 I ,, uas approximaceà 2s  t h e  weighted 

sum cf L, and 11, as fcllows; 

- - - I - b - . . - -,-. 7 

& .  - - :,':<, - -  - L / X  - -  i - -  

3 . 4 . 4 . 2  Effective population s i ze  

, - Eickercson : ,961) f ~ . ~ r i c  ~ 5 . x  fcr s s ~ p l ~ l s z i s - .  cor-.siszir.s 2f 

u n r e l a t e d  families of e ~ u a i  size, the r a t i û  of actüa: nuriber zf 

- P . . 
oreeciinq a r - L m l s  (XL') c,o the c r r e z i v e  r~~ i r rber  ( X e : :  z3u1c ce f 3 ~ : ~ j  

as  a function of the standardized selection d i f f e r e n t i a l  (1: :) a n d  

she i n r r ac l a s s  correlation amcq gsoups  0 . T h e r e f o r e ,  the 

effective breeding population size in g e n e r a t i o n  t was predicted 

as : 



Equaticr:  [3 i  was useti r s  ?redis: ?e effec~ive nurrber of s i r e s  anc 

dams separately because N and 1,; differed betveen s i r e s  and dams 

i n  ~ h e  d i f f e r e n t  n i a ~ i ~ q  ç c r z c x r e s  examine& Average i ? x r x l a s s  

correlat ion among full-sibs and p a t e r n a l  h a l f - s i b s  was used in 

equa~ion C31. 

3 . 4 . 4 . 3  Inbreeding 

Having t h e  effective numbers of  sires (Ne.)  and dams iNeJ 

- from [31, -ne r 2 t e  cf irbreeding in gereracirn c 'Ar wz 5 

predictea as iollows i Falsoner and Mackay, 1 9 9 6 )  : 

The ievel  of inbroedinq in generation t ( P  * ) f o l  lows a prosedure 

.. - 
c i e s c r i ~ e a  by Fa lcsner  a-S %ck3-y,  : L ? I 6 ;  , and iz ranges frî? , r s r  

noninbred anirnals to 1 for cornpletely inbred anirnaLs. The i e v e l  of 

i n ~ r e e d i q  ac qeneracim z was 3redizred as: 

3 . 4 . 4 . 4  Genetic response 

The expected response to selection for each t r a i t  i n  generation n 



+ 1 w i l l  be: 

v h e r o  A ' =  (&AG1) , AG - an.5 AG represer.cs s e r , e ~ i c  - .a:'? ' s e r  

generation f o r  terminal and materna1 traits, G and P are che 

qenetic a r a  p h e n o t ~ ~ i c  v s r l a ~ c e - c o y ~ i r i a n c e  a a z r i c e s  in qoneracizr. 

n; b ' = ( 1  1) represents a sca le r  of index soeff ic ionrrs  assigned co 

- .  . ? . - each zraic, m C  I : is realized s ~ a r ~ a a r d i z e c i  select i o n  d:2rererz:ü_ 

adjusted f o r  p o ~ u l a r r i o n  size and structure ( H i l l ,  1976; Rawlinq, 

1476;. 3 e  recürrecce r o l i z i c n r F ~ i p  3f =ne qe'eric v a r i a x e  r n x r l x ,  

c a k i r q  i n t o  accoiint  the effecc  of seiection (Bu l rne r ,  197:i, is, 

zc,;or-ji-- TaLlis 3r-i .;, - , e p p â ~  . , -  - 3 ~  T h i  : 

,-. c . : = (O. 5G:+O. 5K (5'  P D  1 %,bbt G.) + O .  SG = c- d- . - -. ._._ 

- r -  - w ~ ~ ' I c z ~ ~  i( = - 1  & ; \ , L - .  
. . 5 s  rhe c h a q e  ir: -va r ia r~<e  c s  a res~lr 2 2  

select ion,  i. is the point of truncation. The change in t h e  

phenocypic variance rna~r i? :  Ls eqzal zc, zhac of zhe genecic variarco 

rnatr ix  (P-. - ?-  = G, - G : )  . To t a k e  i n t o  account the j c i n t  effects 

of d r i f t  (sampling effects and inbreeding) and selectior., L 5 o  



Accuracy of selection was o b t a i n e d  as  the square root tc the 

hericability of inaex. leritabili~y cf incex w a s  d e f i n e c  as: 

- n - +  - = ( b ' ~ b / b ' ~ b )  

3.5  Statistical analysis 

T h e  mean dFf f e r e n c e  o f  Novei a n d  Non-specialized breeding 

prograns was ~estea wi:hin each oreed i rq  schene ar,a asrrss oreeai rq 

schemes (MCET and IVEP) üsing a two-cailed paired t-test (Snedecor 

. - .  , 
sr.8 C o c h r a n ,  1989; SC 5ifferer-x l e v o l  3f 5 e r i = a 9 r l r t _ r e s  2r.d 

phenci typiç correlations among the two :raits. The paired t- test  w a s  

perfsrrned x i r h i r i  eack l o v e l  cf  Ger~ozl: z s r r o i a z i o c  a d  r e h r  h o  

2conornic x e i g h t s .  In order to test if treatments were statistically 

. P .  . . - .  s igr . l r rcan= w i z h i r .  3 :ziezerm.n:sric frarnework, ci-.ce rû  r e p ~ l z a c e c  

xere g e n e r a t e d ,  t h e  approx imate  mean square error fcr che 

s~acistizal tesï was Bâsee  or^ zhe a~silrrtpticr~ a h ~ e e r o z z i x s  

among t h e  different levels of  heritabiiities and phenotypic  

correlations were riot statisticaily sianif i c a x .  The i r ~ i t i a l  

a s s u m p t i o n  of  t e s t i n g  differences on genetic progress xas 

questioned by C r o w  ( 1 9 9 8  j , wno süggesced c h a r a c t e r i z i r ~ g  c h e  



importance of main  e f f e c t s  and interactions using sums u f  squares 

. - i r i s t e a d  of t e s t i n g ,  3 ~ ~ d  z5ori dererrnx~x~q z 5 e  v a r i a r i c n  i n  FFLP 

ou t come  expressed i n  p r o p o r t i o n a i  tems . The t w o  dif fe ren t  

approaches a r e  5iscxsseC i x u r c h a r q e a ~ i y  in zhe r o ~ i ~ i t ~  m d  

d i s c u s s i o n  of this chapter.  

3 . 6 RESULTS 

3.6.1 Genetic gain on =ET versus m P  

Comparing n u c l e u s  irnplemencacion based cn acc:mulated genoric 

response ovor ten gecera t ions  of selection, averaqed over  al1 

levels of rhe q e ~ ~ e ï i c  paramecers, response v f  che MOET nsclei is krci 

was significantly (P<0.001) nigner  tc a n u c l e u s  herd i r n p l e r n e n t i n g  

- ? C ZTdFF, (Table  2 .  L ! . ~eneric i q x o v e m e n r ,  a h  L r i  rhe  ~CVGI 

breeding program (speciaiized sire/dam lines 1 l~-as 35% h i g h e r  in 

NCET cornpareci r.2 ITII'Z? zver  IrJ m?eï~er~tiorr;,s. 

  se ne tic response or: n m - s p e c i a l i z e d  schemes in the IVEP 

rLuclegs 1 , ~ s ~  ~ i g r ~ i f  icaztl:: I ~ w e r  ( ;<S. ;CI ! geneciz 

attained in MOET nucleus ( T a b k  3 . 2 )  , averaging m p r o x i m a t e L y  2 3 %  

- e s S .  

The sigriif i c a n t  lÿ h w e r  ra tes  of qenetic improvement 

achieved on I V E P  n u c i e u s  b r e e d i r q  scheme were limiced by zhe 

rates o f  success attained currently on that technology. Lower 

reproductive rates affecced the number of donors available for 

s e l e c t i o n  a n a  number  of  oocyte aspirations required to m a i m a i n  



a c o n s t a n t  n u c l e u s  s i z e .  T h e  smaller number cf fernaie donors i n  

t h e  IVEP n u c l e u s  leu t o  a h u e r  opporzür . iq -  f c r  r n a i ~ ~ a i n i ~ g  che 

same s e l e c t i o n  i n t e n s i t y  u s e d  i n  t h e  MOET n u c i e u s  scherne.  i n  

+ .  o r à e r  tc maimai?  conscanc hord size f o r  bo-5 2-c-e: :??OEl a n c  

I V E P ) ,  a n  opt imum number  o f  o o c y t e  a s p i r a t i o n s  i n  Che I V E P  

n u c l e u s  was useà ieadinq LCI higher rates 3:  i r ibreeding.  

T h e  lower selection pressure i n  a d d i t i o n  t o  h i g h e r  levels 

of i n b r e e d i n g ,  did no t  overcome che ga in  from r educ t ion  o f  

g e n e r a t i o n  interval i n  t h e  IVEP n u c l e u s ,  because the generat ion 

i~tervài f o r  IVE? vas 32% of rhar for HOET. C g n s e ~ . i e ~ i l : / ,  T E P  

had a iower a n n u a l  genetic g a i n  than t h e  g e n e t i c  gain o b s e r v e d  

. . .  
i n  the MOET n u c l e u s .  f h e s o  flna~nqs z g r e e d  with z h c s e  dess r i oed  

by Dekkers ( 1 4 9 2 )  and L o h u i s  (1995). 

3.6.2 E f f e c t  of genetic and phenotypic correlation on efficiency 

of selection of specialized linee in relation to single line 

selection. 

The e f f i c i e n c y  of selecting w i t h i n  speciaiised sire and dam 

. . lines, re iarr ive 20 s e i e c t i o n  ir 5 sinqle ~ir!e,  i s  :abclace5 Ln 

Table  3 . 3  and T a b l e  3 . 4  for MOET m-d I V E P  r e s p e c t i v e l y .  

When t h e  g e n e t i c  c o r r e l a r i o r !  be tween  rom.iiial a n a  marrerml 

traits w a s  f a v o u r a b l e ,  f a i r l y  s u b s t a n t i a l  ga ins  i n  ef f i c i e n c y  

were ob ta ined  by selecting s p e c i a l i z e d  lines in MOET ana IVEP 



breeding schemes { T a b l e s  3.3 and 3 . 4 1 .  Smith ( 1 9 6 4 )  Jescribed 

. . sirnilar r e s u l c ç  ïo z n l s  researck x h o n  he zûnpared r a t e s  3 5  

improvement by selecting for overall performance ir, a single 

& 

7 .  ; ; n e  with seleciion S n  speciâlirod dan ana r i r e  -:?-os ana 

subsequently c r o s s i n g  thern. i n  t h e  research of t h i s  chapter, 

s p e r i a l i z o d  embryos wnre i rnplancec  i:, r o s i p i e n r  zows frm 3 

materna1 iine. The benefits of having specialized lines were, 

therefore, even i a rge r  t h a n  in che stuay of Srnirn (1964) . 
The efficiency of s e l e c t i n g  wichin s p e c i a l i z e d  lines, 

. * .  cmpared c c  c e l e c r i ~ g  i n  a s i n g l e  l i n e ,  decreasea s u b s ~ a n z ~ a - - ~ , ~  

go ing  from a favourable genetic correlation between traits t 3  an 

urAavaura8ie one. 

Average efficiency across all ievels of relative economic 

. , .  . - . . weighcs, h e r i z a b r ~ l c ~ o s ,  x:a gerer iz  correlazis~s was 17% wirz 

MOET (Table 3 . 3 )  and 7 0  S w i t h  IVEP (Table 3 . 4 ) .  

3 ec reos ix~  r a r e s  af e f f i r i e r c y  xere l a r g e r  i Z  h i s h  l e v e i s  

of positive genetic c o r r e l a t i o n s  cornpared to negative 

- . -  C * c~rrelaïisrs, wiïk an averzge decroase 3 r  L L €  -mr. -u.:  zs - - .  4 

anci 3 2 %  from 3.4 to 0.8 in MOET (Table 3.3 j . Srnaller losses in 

efficiency xere f o u n d  ic IVE? broe t i i ng  scherne, 2% f û r  qeco r l c  

c o r r e l a t i o n s  ranging from -0.8 to -0 .4  and 10% from 0.4 to 0.8.  



3.6.3 Effect of heritability and relative economic weights on 

efficiency of selection of specialized lines in relation to 

single line selection. 

Loss of e f f i c i e n c y  uas dependen t  on t h e  level of 

. , . . .  . . , h e r x e o - ~ l ~ l o s  of t e r ~ . i n a l  and na ïe rna l  zraizr and :ce rclo-i-,-e 

economic weights a t t r i ~ u t e d  c o  each trait. 

m .  High levels neriïa~iliïy a n a  r e i a t i v o  econîmic weiqhcs 

for t h e  terminal t r a i t  led to a dominance of this trait over the 

mâcernal z r a i î .  T h e  efficiency of Kovel breeiing scheme over 

non-specializea breeding scheme was higher aî low Levels of 

nerirabili=li ana r o i s c i v c  ~c-nomic w e i o ? ~ r s  5: zfie rnaror-ol :rai: 

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

. . - 7  - - embrÿos, r e c i p i e n r  cows frsm a ;iam -12e wou-d .;.ove #-, p r o v l c e  ar. 

adequate environment tc  s u s t a i n  o f f s p r i n g  performance a t  a n  

opiimum l e v e l .  ThereEcre, redncrion i n  qer.et ic respcrse  due rs 

the combinecl o f f e c c  of heritabiliyy and relative economic 

wel - f i rs  f a r  ~ h e  maCernal rrair : jocresçee rhe  efficie?ry J E  ~3?-- 

specialized he rds  in cornpar ison  to Novel Creeciing scherne. This 

- .  . ,  rcnclusion agroes x ic i i  c k e  r:cc;ncs sf Srnizr! ( : 3 6 4 ; ,  wtc 

described in the contex of a single line, the quantity ap ( 

a=rolative econornic weight, p=:?- . . , /?~~ 1 whic.". measures ïhe CCC?-OP~C 

improvernent by s e l e c t i n g  for one character  r e l a t i v e  to t h e  

improvement by selecting for others .  Smith ( 1 9 6 4 )  zoncludeà t h a c  

i f  a p  is large or very small, al1 selection in t h e  specialized 



lines xi11 f a v o u r  one of  t h e  traits anci effectively i g n o r e  

cc?ier. 

T h e  davantage of  seleccing specialized l i n e s  was 

- siqnificanzly b- iqher  3 -  rho z7Torage acrnss a-, qeneric 

correlat icns and al1 oconomis weights, wnen tne proportion 

the 

of 

L - heritabilicies f o r  rhê c e m i n a l  and rnacernal t r a i c  was I L O  _, 

compared to 2 to I and 5 to 1, on MOET and IVEP (Tables  3.3  and 

3.43 .  

The decreasinq rates of efficiency of specialized lines 

. .  F -  m e r  single lile selecrion fir x r r e r e c c  propcr-  ions cf 

heritabiliries (1:1,2:1,5:1) were significantly hijher uhen the 

r s z i c  r f  r e l x i v ê  esmm.ic  weiqktç 35 zermiral r î  rnaïernal ~ 3 i z  

decreased from 90:13 a n d  60:40 ilables 3 . 3  a n d  3 . 4 1 .  If t h e  

- ?  - r a r i c  rf e c o n o ~ . i c  wei-izs 5ecrezseS f rm 65:C -:r 53:2L ,zne  

efficiency of selecting specialized iines was ~ignificantly Less 

. . . - .  . ,--- - 1 i f a r  r â r i a s  of her:zso:,:z:es : - A 3:  , 9zornpsrec z: 

dissimilar heritabilities!i:i) (Tables 3.3 a d  3.43. 

- - - .  . 
:ho i x z e a s e  iz r x e r  sr esrrc:er-cy .ix z?  r e l x i - ~  

economic weights showea a sirnilar pattern for ~ h e  YOET and T E P  

-. . . . - -  n o c l e i  (Table 3.3 ana 3.4:. ~ r r ~ c ~ e n c y  i?srearec at 2 d:i:ercr.z 

rate according to the ratio of heritabilities between the two 

traits. When the heritabilities of the cwo t r a i c s  was of r h e  

same level (1:1), the insrease in efficiency due to a decrease 

in the ratio of relative economic weightinq of the two t r a i c s ,  



was 17%. If the heritability af the te-minal trait was twice 

* ? .  . the macernal crait, e r r r ~ i e r : - ~ -  .ieczeasea 5y 3%, as cne ecuno,.~Lz 

weight ratio decreased. 

3 .6 .4  Main effect and interactions of different levels of 

heritabilities, phenotypic correlations, genetic correlations, 

and relative economic w e i g h t s .  

The main effect a n d  i n t e r a c t i o n s  of d i f fe ren t  levels of 

hericabiiities, p n e n o r y p i c  cûrrelacions, generic correlacionr 

a n d  relative economic weights are presented in Tstle 3 .5 .  

T1. ~ r ~ e  analysïs of sums 3 5  s q x r e s  c f  r ~ â h  o f f o c ~ s  and 

i n t e r a c t i o n s  expressed ss  a p e r c e n t a g e  of t h e  t o t a l  sum of 

sqüâres, s h ~ w e d  t ? ~ c  r e l a t i v s  e c û r ~ o ~ . i z  xeigi-.CS explc ineci  43  % zf 

c n e  total variation, followed Dy heritability at 23 8 and 

y e ~ e c i c  r g r r e l a c i c n s  3:  14 %.  X e  relarive irnscr-ance cf :WC- 

way interactions was ninor compcred to the mai5 effects (Table 

- .  . - .  3.5i;~he i c t o r a c t i o n  oz zerirab;_:~y Sy r o l a c i v ~  econonic 

weights expiained 6.19 % of tne total s u m  of s q u a r e s .  

-b i L ~ e  abvantage of NoveL ever r m - s p e c i a .  i z e a  creedi?~ scheres 

becarne svident, since in the Novel scheme economic ernphasis was 

q iven  in f u i 1  CO t h e  t e r m i n a l  and ... aïernai r r a i ï s  in s p e c i a l i z e c i  

beef lines. The efficiency of the Novel breeding scheme over 

non-specialized became more evident as t h e  heritability of one 

trait decreased while the other was kept constant, or maintained 



at a higher level. 

3.6 .5  Inbreeding 

The a n n u a l  rate of inbreeding, AF, was 2 .2% i n  t h e  MOET 

-t t- C scheme an8 2 . 4 %  iz zbo Iv i r  scker-e %r a C G R S ~ Z E Z  ~ . z i r i x q  r ~ t i ~  

of 1 male t o  6 fernales. Gearheart (1989) describeci ' h i q h e r  rates 

8 7  n i  - o f  i n b r e e d i n g  ! 3 . î % )  fcr a similar matin$ r a t i o  :;:O; rc r  

s e l e c t i o n  ~ a s e d  on familÿ information. 

Inbreeding cap j e  a probiem wirh a smail MOES/IVE? nücleus. 

i n b r e e d i n g  a c c u m u l a t e d  faster for t h e  MOET and IVEP schemes 

ocilin&, i n t i i c a c i q  chat ic cari je ---LU:- - .-  - TC i n ï e r p r o i  AT 

a l o n e .  A r a t i o  of  AF p e r  unit of response may De a more 

O r e e d i n g  schemes ( û i b s c n ,  1 9 8 9  j . The r a t i o  of AF ta genetic 

r e s p o n s e  3er g e n e r a i i c n  i n  zkc- X C S 1  scherre >ras c o n s i d o r a ~ 1 ~ 1  

srnalier 'han in the IVEP nucleus program ( F i g u r e  3 .1  ; . On 

a v e r a q e ,  over lc ger!eza:ixs zf 5elec=ix, lhe  r a r i ~  ~2 AF zc 

genetic response was 19% superior for IVEP :han f o r  MOET. 

3.6.6 Genetic variance 

R e d u c t i o n  i n  g e n e t i c  v a r i a n c e  over 19 g e n e r a t i o n s  was 5% ( 

2 2  to 2 7 % )  h i g h e r  in t h e  IVEP nucleus Chan in che MUE7 nucleus 

(Figure 3.2). A c c o u n t i n g  f o r  selection disequilibrium, 

in~reeding, f i n i t e  p o p u l a t i o n  s i z e  a n a  relationship strucmre,  

36 



selection response for MOET and IYEP uas 69 a n d  71% in 

' A  - - .  -, - - 
generac ion L U  31 x h e  rosponse in r i r s t  generatim. h e ~ e r ,  

e t  al. (1990), reported f û r  a similar nucleus size, over 20 

- - -  g e o e r a t i o n s  cf selecric!:, char sho ccnioinei effcc: 31 si- 

factors described Ied =O selection response r>f o n l y , 5 9 % ,  as 

large as :ho response in qenersïion 1. 

3 . 6 - 7  Selection differential 

Advarxages from MOET/IVE? broedlng schemes are l a r g e i y  d.io 

to nigher selection intensities that can be applied c g  fernales. 

-- 7- Shcrter qeneraciûn inrzrvals a r e  30ssiPLê fer L V L ?  V ~ ~ S U S  ?!OZ7 

(Table 3.6) . Theoretical response rates estimated f o r  MOET and 

-. * T 

IVE? are s;?own I n  T a b l e  3.6. LE, c r d e r  trj m a i n t a i n  zhe sane 

f a r n i i y  structure and  aise due to lower fertility and pregnancy 

races in TJE?,  s e lecz i s r  Lszer is izy  i r e  ma&s a n d  fcmâks -&as 

decreaseci compared to HOET [TaDle 3 . 6 )  . X c c u r a c ÿ  of selection 

w a s  alsc lowez in I V E ?  because s e l e c i m  was based 3" pec i2 reo  

information, since femaie caives s c a r t e d  on oocy te  a s p i r a t  ion at 

EWO pofirhr of age. By s r a r r i n g  femalo garnece a c ~ l r o z i o c  3: iz 

early stage, s significant reduction in generation interva; was 

obiaineci in ~iie IVEL  scheme, 1.63 cc 2 y e a r s  i? M O C i  scheme. ;ri 

s p i t e  of the gain in generation interval with the N E P  scheme, 

the l o s s  of selection incensity and accuracy of selecr ion 

compromised the IVEP schemef s competitiveness . Average genecic 



response p e r  p a r  i n  t h e  IVE? n u c l e u s  beef herd was 

-n . . . 2 - -  

approximate;y 10% less  char. :he >!CL, o reea lno  croqrarn ; z x p r s  

3.3  a n d  T a b l e  3 . 6 ) .  

3.7 DISCUSSION 

The resul ts  of t h e  research i n  this chapter p o i n t e d  io a 

- - 
nighly specializeà b e e f  proaucricn syscem. A~cnough this s r l ~ à y  

c o n c l u d e d  t h a t  there was a n  advantage i n  developing specialized 

Deef lines, it did noï scudy ~ h e  eEfecc of üs ing  existino breed 

differences for terminal and maternal traits f o r  the 

? .  
irnp;ementation of nncle1~s ~ e e r  nerds.  Ilmer ei 31.i1992i 

m n a u c t e d  a n  analysis of  p u b l i s h e d  g e n e t i c  differences among the 

prodomicant D ~ e f  c a ï t l e  oreeds in Cânzda. T n e  o ü i h o r s  E o u f d  

impor t an t  g e n e t i c  d i f f e r e n c e s  for many t r a i t s .  areeds with 

. . - 1  l a r c j e r  rnacxre s i z e  roncec s o  je Larqer a m  ,caner a 1  à sonscanz 

age anci b e t t e r  f o r  materna1 s a i v i n g  ease anQ materna1 ca i f  

- - . . 
survivz;. In c m t r a s c ,  m a - i e r  brpeciç wero r c ~ e r i o r  in z c e x  

direct  genetic 2 o n t r i b u t i û ~ -  f o r  c â l v i n q  ease and ca l f  survival. 

. - - - . - 
Angi is  we le  more f e r t ~ , e  àr.d Simmenîe, -oss f o r r i - e  cr~a i .  ir5e 

o t h e r  breeds. 

The deve loprnent  o f  new l i n e s  by s e l e c t i o n  depends o n  

planned seleccirn efforts w h i l e  u~iliration of âvaiiable o r e e i s  

capitalises on breed resources for maternal and terminal l ines.  

Gearhear~ (1989) proposed zhe use of e l i t e  c u c l e u s  units iri 



beef b r e e d i n g  strateqies i n  q e n e r â i  terms. T h e  a u t h o r  L n d i c a t e d  

. . .  
tnat i n  t!--e ir.lr:ar s t a q e s  of  n ü î l e u s  forxaiicri  z5.e g reaces :  

immediate gains vere l i k e l y  iû corne from s e i e c t i n g  among iines 

- ibreeds) . -onriacion r f  e l l x  x c l e u s  p o p c l a ~ i i r . ~  v c n k  z o ~ ~ . ~ l i  Iz 

a n  initiai one -c ime  genetic improvernen t ,  o r  genecic l i i t ,  d u e  ta 

selestion of  e l i r e  p o p u i a ï i o n  s i res  m C  dams. 

T h i s  s t u d y  used t h e  c o n c e p t  of  n u c l e u s  b reed ing  s c h e m e s  in 

a deterministic f r amework ,  wichouc consiàerinq d i f f e r e n r r  

approaches to n u c l e u s  f o r m a t i o r !  and c o n t i n u a t i o n ,  and  

d e r n o n s t r a t e a  s i g n i f i c a n z  levels rf genetic i n p r î v e m e n t  Scr 

s p e c i a l i z e d  and s i n g l e  l i n e  s e l e c t i o n ,  but a t  Che e x p e n s e  ûf 

- .  
r a c i à l y  i n c r e a s i n g  inbreeai~~q . - z  : s  s~gqestea 5 r  E x x o  

research t h a t  t h e  effects of  s i z e  c ~ f  nucieus and structure ûf 

. . narings j e  sriaied. 3 e k ~ e r s  : 1992: r o v i o w o a  =ne ~ ~ o r c ~ z c ,  

discussed the a d v a n t a g e s  and disadvantaoes c i  s e n t r a l i z e à  v e r s u s  

- .  3isperseà nucleüs r i e r d s  one zor-zhclea :La: a conïrz-lred x X e . i s  

i n  pract ice w o u l d  have a d v a n t a g e s  ove r  the disperses n ü c l e u s .  

- *  . . .  . 
-ne i d v a n ~ a g e ~  uere  aic cl:: r e l i ~ ê c  zc  :?-o i x r o a ç e l  ~ÛL:Z-I :c 

s o n t r o l  and manage tne b r e e d i n g  stock. A p p l i s a t i û n  cf YOE'T and 

new ~ecf ino loq ies  s u c h  as IVE?,  c m i i  leac  cc  jeczer ana lesc  

v a r i a b l e  results or ,  a l t e r n a t i v e l y ,  rneasures could  be t a k e n  ta 

. - e n s u r e  chat  d o n o r s  a r e  f i u s n e a  o r  aspiraced u n i l l  s u f f l z L e n ï  

male a n d  f e m a l e  s i b l i n g s  are  o b t a i n e d .  Centralized n u c l e u s  herds 

are  more ideai because che environment is contrclied a n 6  female 



se l ec t i on  cari be nore acmrste ,  but t h e  s i z e  of the Eusleus 

. - 
i i r n i c s  selec:ion i r L r e r . ç i ~  y acu r a n  loaa zc x o r e e c i n q  z r o c l o m  

( L o h u i s ,  1995 )  . The r e s e a r c h  p r e s e n t e d  i n  c h i s  c h a p t e r  d id  n o ï  

compare IVE? anfi XCET x c l o i  cf i i f f e r e n i  r i z e s ,  3cr  Eoc7issoc 

on  their rate of g e n e t i t  gain w i t h  a c o n s t a n t  n u c l e u s  s i z e .  

The p r e s e n ï  r e s ~ l t s  are of   nos^ valce iR i n d i c a c i r - q  :ha: ir. 

a highly specialized n u c l e u s  b r e e d i n g  sys tem,  t h e  use o f  

reprodgc~ive ~ e s h n o l o g i e s  suck as HOET or IVE?  in selecri'g 

s p e c i a l i z e d  L i n e s  leads t o  a g r e a t e r  ra te  of improvement t h a n  

seloccinq f o r  overall perfcmance i? a sinqle lice. 

3.8 . CONCLUSIONS 
In c o n c l u s i o n ,  s e l e c t i o n  o f  s p e c i a l i z e d  s i re  and  dam beef 

- .  
L lnes ,  and =fie x o  3f r e c r z b ~ c ~ i v e  x c h n c l o q i e s ,  l i k e  YOET XLÇ 

N E P ,  yielded new challenges f o r  future i n v e s t i g a t i o n .  A t  che 

- . -  x e s e n r  r z c e s  of sl;ccess f c r  m12-z:oie o v L 3 t i ~ r -  3~C1 e ~ k r y c  

t r ans fe r  and f o r  the framework s imula ted  in tnis study, MOET 

- .  .-- -7  

nucleus Inplemen:a~Lx hzd l a rger  D e r e ~ i ~ s  3 â r ~  - v ' r r .  

P r o g r o s s  o y  selecting i n  a single line for overa l l  m e r i t  

. . .  
was cornpareci io c r o g r o s s  attained 5y se lecz ix j  specra-izod r i r e  

and dam lines and subsequently i r n p l a n t i n g  terminal embryos into 

macernai r e c i p i e n t  dams. The r a t e  cf irnprovemenr rhrouqh 

s p e c i a l i z e d  l i n e s  was considerably higher, and was e v e n  be t te r  

i f  z h e r e  was a n  u n f â v o u r a b l e  genet ic  c o r r e l a t i o n  and  large r a c k  



of re la t ive  eccnomic weights Setxeen the t e r m i n a i  a n d  materna: 

t r a x s  



Parameter >!CET - V L Y  
,- - - 1 ,m Nucloüs size : 2 1 3  3 A L' 

E r n b r p s  t r a n s f o r s  cer  dm-or 6 
Corxep t  i . r n  r a i e  f resk  emkryss % 7 6 
R a x  cf su rv ivs l  rs select ioc  7 5 - - 7 - Age ac  ri~sh/aspLration !rnor~:k! 13 

Senerazion intervâl mâles ( years ;  
n 
/ - 

females (yea r s )  2 
Number of doncrs  17 3 
Number of  sires 14 
Mating r a t i o ( #  of females pe r  rnsle) O 
Number of  p rogeny  290 
Proport  lm  selececi males ! % ! 

- 
% 
J 

fernales ( % )  29 90 
Xucless size was dencted by x n b e r  cf r o c i c i e r z  rows 

(implants) 



T a b l e  3.2: A c c u m u l a t e d  g e n e t i c  r e s p o n s e  Ri,) f o r  t e r m i n a l  and 
materna!,  t r a i t  for MOLT and IVE? micleus b r c e a i n q  programmes 
o v e r  10  g e n e r a t i o n s  of selection 
Breedinq scheme MOET IVE F 

4 - N O E L  - ceArmirial 2 . ~ 2  1 - 6 2  
- m a t e r n a 1  2 . 2 3  1 62 

NS 90/-10 - terminal 2.13 l *  61 
- m a t e r n a 1  9 - 2 1  0 . . i6 

0 - -  NS 3 9 / 4 0  - t e r m i n a l ,  L. I, : * 3 9  
- m a t e r n a 1  0 . 4 7  O .  35 

NS 70/-30 - t e rmina l  2.02 1-50 
- m a t e r n a 1  O ,  8 4  9 - 6 1  

C C NS 6 0 / - 4 0  - cte, lninal  1.133 1 - 3 2  

- m a t e r n a 1  1.19 0 . 8 8  
NS 50/ -50 - ~ e r m i n a i  1 . 5 3  L . 4 1  

- m a t e r n a 1  1.53 1.41 
Novel - 100% relative e c o n o m i c  ~ e i g n t  o n  a i e I m i n a l  t r a i t  snd 

100% on a maternal trait. 
Y S 9 0 / - 2 0  - non-specializod 803 relative economic weight 3 x  

t e r m i n a l  traits and 20% o n  m a t e r n a l  traits. 
NS70/-33 - n o n - s p e c i & i z o d  7 3 5  r e h c i v e  economic weighc oc 

t e r m i n a l  t r a i t s  a n d  30% o n  m a t e r n a 1  traits. 
?JÇ60/-40 - n o n - s p e s i a l i z e c i  6 3 %  relative econcmic weight oc 

tzrminsl t r a i t s  and 40% o n  rnaternal traits. 



T a b l e  3.3. Efficiency- o f  selecting w i t h i n  specialized sire and d a  lines . . -  
versus selection uiînic a sincle line 3t .slm;iûr ânci d i f f e r e n t  levels 'SE 
heritabilities for two t r a i t s  Fn a MOET nucleus breeding scheme 

P Selection ~enetic cûrreiacicc 

NGVEL 9 - 5 0  C.25 IOC 100 ~ IL' ;OC L O G  L 9 0  : O C  
- ,3 q 

NS 90/-10 0.50 0.25 96 8 1 7 1 59 56 44 24 
NS a0/-20 0.50 0.25 37 à3 7 3 Oi 58  4 7  25 
NS 701'-30 0.50 0.25 97 3 4  76  54 61 

-7 * - 50 
F .  

26  
NS 63/-40 0.50 0.25 97 ô 5 1 1  05 D L  3 L 1 1 

- - 
NS 50/-50 0.50 0-25 97 8 6 78  66 6 3  53 29 

NOVEL 9 - 5 0  0.lO 132 :CO IV3 1 0 3  :OC) 130 :SC 
NS 90/-10 0.50 0.10 97 8 6 79 7 3  O7 60 4 4  
NS a0/-20 o . 5 ~  2-12 97 ô7 ac 7 5 58 O; 4 5 

NS 70/-30 0 . 5 0  0.10 97 8 8  e r 7 6 7 0  oz 4 5 -- 
NS GO/-40 3 . 5 0  0.16 97 33 32 1 ; 7 1 0 3  2 O 
NS 50/-50 0 - 5 9  C.10 98 Y 9 9 4  78 7 3 64 4 7  

(Novel) ( x  LOO1 
Novel - 1002 r e l a t i v e  economic weiqht on a terminal t r a i t  and 

? ,\ , d C ?  un a materna i  trait, 
NS80/20 - âO? relative ecûnomic w e i g h t  on  terminal t r a i t s  and 

2 3 1  cn maternûl ï ra i r s .  
NS70/30 - 7 0 ?  re la t ive  economic  weight on  t e r m i n a i  t r a i i s  and 

3 0 ;  on maternal  r r a i ï s .  
NS60/40 - 60; r e l a t ive  e c o n o ~ i c  w e i g h t  on ïerminai trairs and 

O R  maternû; r r a i c s .  



Table 3 . 4 ,  Ufficiency- of selectinq w i t h i n  . specialized . -  sire and dam Lir,es 
verses selection within a s i n a l e  lize â r  s:n;~sr ana different ievels of 

NOVEL 0.50 0.25 LOO LOO IO0 100 L O O  L O O  100 
97 ô 2 -. - 

NS 90/ l i I  0.5C a.25 . A 6 4  53 4 4  . ,  9. 
LLt 

NS 80/20 0.50 0.25 97 a 4 73 67 58 4 7  2 4  
97 3 5 09 6 1 4 9 - - - - 

NS 70/30 C.50 0.25 1 3 ~3 

NS 60/40 0.50 0.25 98 a 6  77 7s 62 52 2 7 
NS 501'50 3 . 5 0  0 . 2 5  97 3 7 7 8 74 65 53 2 9  

NOVEL 0-50 0.10 LOO iO0 100 10 0 100 100 130 
NS 90/i0 0.50 0.10  9a 137 8 O 7 5  66  6 0  4 5 
NS 8 0 / 2 0  0.50 0.10 98 ô 8 8 1 8 1 09 61 4 5 
N S  72 /30  !3.50 C.IJ 98 3 3  6 2  3 ;  7 2  62 4 5 
NS 60/40 0.50 0 - 1 0  98 a 9  8 3  79  7 1 03  

* - 46 
NÇ 5 û / 5 0  3.50 û.;G 9a 30 34  3 i 8 3 04 4 6 
- - - - - - - 

* Efficiency was defined as accumulated genetic response over 10 generations 
for non-specialized line divided Sy response f o r  t h e  speciaiized Line (Novel; 
i x  :Gr;! 
Novel - 100; relative economic weight on a te rminai  trait and 

1 2 3 :  3n e n a r e r n a l  crâit. 
NS80/20 - 8 0 +  relative economic weight on t e rminai  ; r a i t s  and 

2 2 ;  on rnacernâi t r a i t s .  
NS70/30 - 70: r e l a t i v e  economic weight o n  terminal t r a i t s  and  

3 C :  on naternal  z r a i r s ,  
NS60/40 - 604 r e l a t i v e  economic weight on terminal r r a i t s  and  

42: or? n a t e r r i a l  c r o i z s .  



Table 3 .5 .  Ar l a iy s i s  of che v a r i a n c e  of accumulated gene t i c  
sesponse o v e r  12 generacions s e l e c ~ l î n .  
Source of Deqrees of Sum of Proportion f r o m  
va r i a t i on  f reeaorn sqüàres ~ o i a l  sum ~ l f  

squares ( i l  -------------- ----------- -------- ------_----------- 
Herlcability ih '  

- - 10268.25 23.10 -. ~ n e n o c v f i i c  C o r r .  t rc,  - CI 410.12 0 - 55 
Senetic C3rz .  : r g )  - 5 9?44 .55  1 3 . R 4  
R e l a t i v e  Ec. Wt. ( a )  ' 1 i3 29225.59 4 0 . 0 9  
h x rp ' ? - - 290.25  3 - 4 2  
h x rg 12 542.08 3.77  
h x a  2i: 4363.13 6.19 
LT x rg 3 6 209.64  0.29 
rp  x o. O0 460-59 O.  65 
rg x a 60 9888.02 O .  1 4  
T o t a l  sum of squares 224 70408 .05  
Phenotypic c o r r e l a t i o n  

- Genecic c o r r e l a t i o n  
' Rela t ive  economic weights 
' Significant a t  p<C . O O i  

Table 3.6. Rates of genetis gain cn MOET and IVEP breeding 

Proport ion selected ( % j  ~3 
î r o p o x i o n  selecrec i ?  i 2 

Yenetic gain ( S D / ÿ r )  



Figure 3.1 Ratio inbreedng /genetic 
nsponse for MOET and NEP nucleus 

Generations of selection 

- MOET -t- NEP 

Figure3.2 Reduction genetic variance 
on MOET and NEP breeding schemes 

70 ' 
0 2 4 6 8 10 

Generations of selection 



Figure 3.3 Genetic response ove? 10 
generations selection on MOET and NEP 

O 2 4 6 8 10 
Generations of selection 



Cf fAPTER 4. 

Economic feasibility of Mnhzyo transfer for conmexcial beef 

production at various genetic levels of performance 

4 -1 Abstract 

A cornputer nodel ûf specialized, non-specialized and ~omrnercial 

beof prouuccion systems was cieveloped ï o  assess z h e  econorni; 

feasibility of embryo transfer for p r o d u c i n g  m a r k e t  anirnals. 4 

Novel n r e e d i n g  program was defined by impianting çpeciaiizeù 

embryos i n  s p e c i a l i z e d  m a t e r n a l  recipients. In a Non-specialired 

. . oreedirq scheme, embryos fron a siriole ~ r n e  were inpianzec i r - t c  

recipient sows also from chat single line. Specialized and Non- 

specialize~ breeding sch.e~,es xe re  compsred esononically zz 2 

commercial oeef herd bred by 24.1. in a terminal crocsbreeding 

syszen. 

The Novel breedinq p r c q r a m  w a i  econornically more feasible 

- - ,hari Non-syx lalizea ~ r o e c i i n q  schenes. he ;ompariso:. 3f Sc?- 

specialized Sreeainq sshemes w i t h  different economic emphasis on 

z e r x i n a l  ana r a c e r m l  zraitc p ~ i x e c  a x  t n 2 z  s~lectix 2 -  

rnacure cow weighc, from 20 to 3 0 % ,  increased embryo value by 6 % .  

A f u r c h e r  emphâsis on reddz inq  m a t u r e  zow veighc  i 3 0  ZJ 43%) haJ 

the negat ive  effect o f  r e d u c i n g  embryo value. A ratio of 7G t s  

30% f o r  seiect icn o n  t e r m i n a l  t o  maternal crair showed che 

h i g h e s t  gross rnargin a n d  c o n s e q u e n t l y  the higher p r i c e  that 

could be paid for embryos from t h a t  b reed ing  system. 



4 . 2  Introduction 

Previous studies o n  ~ h e  use ~f ernbryo t r â c s f e r  : L a d  a n d  

- -  - -. . - - .  - - . - -  ~ L X ,  1975; Xizhoizs a ~ c i  XK-.~:?, 1383;  SmizF-, - Y ~ Y ;  V ~ L ~ ~ G ~ V Z  et 

a l . ,  1994 1 have d e m o n s t r a t e d  the potential of chese t e c h n i q u e s  

for qenecic improvernen~ of z z ~ s l e .  OrLi- \: f e w  s ~ i ~ d i e s  have 

investigated the feasibillty of embryo t r a n s f e r  as  a t o o l  t o  

prociuce rnarker a n i m a i s ,  oecause gf zfie fiion cosc i n v o l v e c i  Ir. 

f l u s h i n g  donors and  i r n p l a n t i n g  e m b r y o s  i n  r e c i p i e n t  cows (Fe r r i s  

a n d  Voyer, 1 9 8 7 )  . 

R e c e n t  irnprovements i n  t h e  e f f i c i e n c y  of e m b r y o  transfer a n d  

. . 
re ia tea  t e c ~ r . i q u e s  ( 3 e r c e r i d g e  and 3ieqer, L 393 ': , a l m q  W L Y  

aavancements made in tne areas of  g e n e t i c  eva iuac ion ,  

- - .  - s t a c i s c i c a ~  rec?-piques ara c o r n p u c i ~ ç  roseErces  ken^ a ~ d  u - r c r ,  

1 9 9 2 ) ,  h a v e  o p e n e d  the o p p o r t u n i t y  f o r  maximizinc the 

. - .  . . prca~ccivicy of spec:slrzec oeef ~ r o c x z i m  syscerns . 
The present stuay invescigates the economic feasibility of 

. - .  r l '  e&ryo t r a n s f e r  fez vommercs-  Deof p r ~ ~ c i ~ c z i o r .  -?e ecv?oni: 

f e a s i b i l i c y  of ernbryo c r a n s f e r  is addresseb in c h i s  c n a p t e r  

jasea C J ~ L  c h e  f s l l a ~ i r ~ q  cciectives; 

1)To develop a c o r n p u t e r  rnodel of c o m m e r c i a l  and s p e c i a l i r e d  beef 

p r o à u c t i o n  systerns; ana  cc compare specia i izec i  9roduczim 

systems u s i n g  ernbryo t r a n s f e r  ve r sus  a commercial beef h e r d  

using L I . .  

2 )  To compare gross margins obtained in 

50 

specialized sire a n d  dam 



breeding schemes versis g ros s  mârgins attained in naterna; a n d  

- .  yemi i_a l  r r a i t r  -,,,-iL*  ln - s i n q l e  -;ne s e l e c ~ i o ? .  

3) To investigate if maricet animai production u s i n g  embryc 

cerkzmlcgy is eccnoxically, 

4 . 3  Material and Methods 

4.3.1 Economic analysis of specialized and non-specialized lines 

of beef cattle. 

Maxirnizacion of  p r o f i t s  u s u a l l y  is c n e  fundamsnta; gcal 3f 

ccrmercial ~ e e ?  sroaucers.  A srzaucer  m x z  cecize wr-e~?.oz Z.C: 

select for artimais t h a t  prochce calves w i t n  large weaning 

* .  - 
w e i q i x s  (oc:?-rsj Z r  s e l e c r  5 - r  x i r a l s  w:zz -?v iee5 i z r a ~ o  

iinputs! or some z o m i n a t l s ~  of i n p ü i i s  and outpuirs. 5 e c e m L ~ i n g  

- 7 o-Gzrnia~ s r r a c e q i e s  frr crxbir.ir.,- L rpuzs  aEJ s e l e c ~ l r , ~  ai;.czg 

Sreeding systems is necesszry tû be cornpetitive in the beeE 

1 r-13'isz ry . 

W i t n  t h e  advance GE r e p r o d u c t i v e  cocfinoiogy s u c h  as 

7 . -  n i - x p i e  = v u l x l m  ar.2 ombrT:c r r e r - s f e r ,  ûeef p r s c ~ r o r s  z r o  

fâcing a net& possibility of insreasing revenues ove r  cos ts .  

A c o s ~ - b e r ~ e f i c  ar is lysis  3f e - h r ~ f c  r e r h ~ o l o q ÿ  qzompere3 7s 5 

conventional A.I. breeding  scheme is essential for beef 

prooucers  to m a k e  â n  accurace  decisioc of whecker û r  no: CC 

adopt MOET o r  A.1 ( F i g u r e  4 . 2 ) .  



I n  the p r e s e n t  r e s e a r c h ,  s i r n u l a t e d  beef herds i m p l e r n e n t i n g  

MCET o r  A. 1. were s t . - d Z e a  - - '15 Jece,~,,izo the ecs~cmiz f e a s ' b f '  A L - - -  : - -  -y 

of a beef p r o d u c t i o n  system b a s e d  on  embryo t r a n s f e r  o r  

. - .  . .  . arrLT:cIeî~ inseiinacig?. . 

4 .3 .2  Description of biological information for simulated beef 

herds 

The mode1 is d e t e r m i n i s t i c ,  s t a t i c  and has s one-year 

p l a n n i n g  horizon. T h e  mode; Jescribed a n  3 i e g r a ~ e d  beef 

p r o d u c t i o n  system, including a sow-calf operation and a feedlot. 

- - -  Tho roi,owiy classes rf =-izals x o r o  simclateci: s r e e d F q  

c o w s / r e c i p i e n t s ,  c a l v e s ,  feealot steers and h e i f e r s .  

- r \n Serd s i z s  uas  se:  ra L V ~  creqnâr~c fernales a= c i m ê  SE 

pregnancy checking at weaning (Figure 4 - 1 1 .  Herd s i z e  was 

- - .  xaiczaineci jy : u l - x q  ccer  zcus  a f ~ e r  zhe oreq?.ancy s!--eck 

Calves w r r e  born i n  :he s p r i n q  (Marcn  a n d  A p r i l ;  a n d  xeaned in 

- - - -  - .  - - 4 - r e  4.: . e a 'end of O c z z s e r ;  L i  y -  

4.3.3 Feeding programs 

S p r i n q  a n d  summer f e e a i n g  programs for beef cows w e r e  ~ a s e d  

- - 
on pascure  which was sec in c?.e ?niel  as Oeing available f o r  1 c 4  

days (May to end cf October). During the sumer, metabolizable 

energy (NE) requirernents of  cows were supplied encirely frcfl. 

pasture. T h e  energy c o n t e n t  of p a s t u r e  was described by M a r s h a l l  



et al. (1998) (Tab le  4 - 1 ) -  I n  f a l l  and i ~ i n t e r ,  ccws were sssurned 

& 
. - 

ta ie kcxsea and foC 3 rarisc sf s ~ a q e  x.0 kzyla-e d ~ r L ? m  2 

the dry period (November to end of A p r i l ) ,  with a d u r a t i c n  of 

131 days  [Table 4.1 . 

Simulated feedl~c steers a n d  heifers were fea a d i e c  gf 

1 i n  .. .-, . 
haylaqe ( 3 3 % )  axi high mais r~re  Z o r n  .  ai ~ n z l ,  z n e y  r ~ a c ~ e d  s 

m a r k e t  w e i g t i t  (Tab le  4.1) . 
. . . - -  . . .  

The ca l f  feedins prograrns xere based r n x i a ~ q  on r n ~ h  

nursing, and qradually forage and milk nursing during the 

g r a z i n g  period. 

N e t  enerqy r e q u i r e r n e n c s  (Mcal ME/day) for maintenance and 

à a i ; y  gai?- uero  esci3â~eci bas& cn NRC ,1396) e q u a r i r n s  

Maintenance: 

Nem = 0.977 L N - '  

LW = live w e i g h t  of z a l f  ;Kg) 

--. i ~ a i l y  ga in :  

Neg = 0.0635 - L W -  -& F~G'. ' 

EBG = empcy body gain, iKq/day) 

E n e r q y  concent of milk and pasture (Mcal ME /Kg 3N) are 

presented on table 4.1. 

Milk yield and its contribution to s u c k l e d  calf gains were 



based on experimental f i r i d i n o s  frcm che East  of Scotland Lolleqe 

of A q r i c ~ l ~ i l r e  and =:?e I r : ~ ~ i = : z e  f3r Srzsslall;d a ~ d  Animal  

Prûduction described by A l l a n ( i 9 9 0 )  (Table  4 . 2 )  - 
? o ~ - e  auchors ('lecc arirj Jerg, 1968 ;  c l x r t p y  afià NielçerL, 
C 

1 9 8 7 ;  riss, 1989 ;  Lewis et a l . ,  1990; M i l l e r ,  1 9 9 6 )  described a 

positive association between nilk y i e l d  ana x e a n i n q  weiqht,and 

concluded that h i g h e r  milk producing cows weaned heavier cclves 

compared to lower m i 3  producing LOWS. a a s e ~  on char f inding, 

aifferences i n  s i r n u l a t e d  pre-weaning ga ins  were c o n s i d e r e d  a 

~ i r e c t  effect  of growc?. , where macornal environmenr ei5 l i m i ~  

z a I f r s  performance. 

4.3.4 Metabolizable energy requirements 

4.3.4.1 Cow requirements 

Energy requirernen~s f o r  t h e  cow/calf sector were Easec cn 

- 
ERC ( 1 9 3 6 )  e q s a z 3 ~ s .  r oes r e u ü i r o ~ . e n r c  wore :a lzxl icet i  ûc  2 

dâily basis per age d a ç s  q r o u p  a n d  accumulated ûver z h e  entire 

per iod .  Cow r e c a i r e m e ~ t  xere divides i x c  3 G r m p s :  repiasomênr 

heifers, dry cows, and l ac ta t ing  cows. 

- - -  . - 
The dry feeding program ~ e q a n  hjcvenioer L -  xnn ,  pasruro  

t u r n  o u t  o n  May 1.''. 

Maintenance requirements Nem, xere: 

Ne, (Mcal/day) = [ 0 . 0 7 7  SBW:-'' (L) (COMP) ] + a- 



SBW = shrunk body  w e i g h t ,  k g ;  

- 
L = lactacion e f f e c z  or, Xe.. requirernerirs (1 if 

d ry  o r  1.2 i f  iactsring); 

. . COM? = e f f e c ~  3 E  s r e ~ ~ i s i ~ s  ?lane sf nu:rl=roa sr, se- 

r e q u i r e m e n t s  Fs roflectod o y  body c o n d i t i o n  score. A 

- - 
consCant a v e r a g e  zondi~lsn smre or 2, 3 n  a s c z l e  af I (very 

t h i n )  t o  9 (very f a t ) ,  is assumeci. 

a: = a a j u s t n e n t  for previous  temperature, 

a, = 0.0007 ( 2 0  - T c )  , where T, is p rev ious  a v e r a g e  

Oaily z e r n p e r a c x e ,  O C .  

A d j  u s t m e n t  f o r  p r e v i o u s  temperature &as based on t h e  a v e r a g e  

t e n p e r a t u r e s  DI Elve e r L v i r o r n e n t a l  scaLionç ic Oncar io  pu81ishee 

by E n v i r o n m e n t  Canada ( 1 9 9 6 ) .  Average t e m p e r a t u r e  d u r i n g  t h e  

- - 3.- locracion perisc was 12.3 , a a  c i u r i x ç  rFLe S r y  feeCing prsgra - r i  

p e r i o d  w a s  - 5 . 6 4  OC. 

Preqnancy r e q u i  remenirs  were based o n  e x p e c t e c i  a v e r a g e  c o l  f 

jirti-1 weighc and dûy  of gescerix N K  : 13% . 

Ne Mcaly'ciay = CBW* (k:../'V. 1 3 )  * (0. V5855- 

. - ;'i)fj$96~) ~ 2 , '  - - - )  -: 

Where; 

CBW = C a l f  b i r t h  w e i g h t ;  

Km = Values f o r  ef f ic ier isy  of i i s i i i z a t i o n  of XE 

for m a i n t e n a n c e ,  = Ne,/ME. R e l a t i o n s h i p s  for 

c o n v e r t i n g  ME v a l u e s  to N e -  (Mcal/Kg DM) NRC ! i996 i  . 



Ne, = 1.37 ME - 0.13-8~~' + 0,0105ME' - 1.12, 

MF = Meca~clizabie energy !Ycal/Kq DM) E g r  sprinq/su-m.er 

and dry perioa feeding programs, 

- 
C - - - 1.ia-y gr pregnamzy, 

p = ~ a s e  of n a c u r a i  logarithms. 

Lactacion r e q u i r e m e m s  were z a ; c ~ l x e d  x i n g  &y sf I c c t x i s n ,  

m i l k  f a t  composition %, milk s o l i d s  non-fat composition %, NRC 

(1996) . 
Ne, = milk yield(kq/day) * E; 

i n  which: 

= 0.092*MF -t 0.349*SNF - 0.0569, Plcal ( N e , j  /Kg, 

MF = f x  percent  p 2 r  Kg of %il& 

SNF = milk solids not fat composition percent per kg of 

S . .  

3 l ~ . K .  

M i l k  fat composition ( 3 . 1 6 9 1  and s o l i d s  ( 5 . 6 3 % )  were 

- 7 - averàge v a l u e s  c ~ ~ c i i . e ~ f  a r  ~ l o r a  5eef f iesecrch ' . ~ - , â ~ i ~ r .   NOE ES OF^, 

1997 personal c o m m u r i i c a t i o n ~  . 

4 . 3 . 1 . 2  Feedlot requirements 

Energy requirements for steers and heifers in feedlot were 

pr&icted  wiih t h e  f o l l s w i r ~ g  Stepr. 

N e t  energy required p e r  day for maintenance of steers and 

heifers ( N E R n )  was compucea u s i n g  equations of Lofgreen a n 3  

Garret ( 1 9 6 8 )  - 



EQSBW = equivalent s h r u n k  b ~ d y  w e i g h t ,  kg; 

EBG = empty bcdÿ gûi r i ,  KCJ. 

D e r i v a t i o n  foXowing NRC ( 1 9 9 6 j  . 
~ 5 3 ~  = 3 2 ~  - ( 3 2 ~  / rsaN; 

in which: 

SBW = s h r u n k  body weight, kg 

- .  
?-, - S X N  = star .&r3 reference x e i ç k  f o r  ê:pece& r :,,al 

Dody f a t  ( T a b l e  4 . 3 3  

- .  - .  
FS3W = r x o ~  s r - i r ~ r ~ x  3 ~ t i y  -dei?? at :?:e ~ : = c e z z &  

finai 5ody f a t ,  

NEC i 1 9 9 6  j e q u a ~ i o n r  f o r  9roaic~ing e n e r ~ , :  4 + ~e ? r s ~ o i ? .  

requirements f o r  growing c a t t l e  assume that cattle have û 

s i r n i i a r  body composition at ~ b e  same aegree of m a t x i t y .  3 e  X X  

( 1 9 8 4 )  medium frame steer equation was used as the standard 

reference base to cornpute energy content of gain at variox 



stages of grûwth and rates cf ?airi. T h i s  was accomplished by 

a d S u s t l n g  t h e  DcOÿ xeizf : ts  3 28'- , - l e  of varicus ccdy sLzos 2pd 

sexes t o  a w e i g h t  a t  x h i c h  t k y  were o q u i v a l e n t  i n  body 

composizion ta m e d i m .  f rame x o e r s  descr ibea  d y  "ylu-;: ,.., et a,. 

(19941. T h e  w e i g h t  e q u i v a l e n t  co t h e  NRC ( 1 9 9 4 )  neciiurn frame- 

s i  ze çteer, ~ â s  cbzâ ined  Dy- knoxinq t h e  sca~dzrà re fe rence  

w e i g h t  [SRW! a n d  f i n a l  s h r u n k  body weigh t  (FSBW) at the ex~ected 

f i n a l  body fac. T h e s e  va lues  were de te rminec i  by a v e r a g i n g  the 

p e r c e n t  body f a t  w i t h i n  ail cattle in each of t h e  t h r e e  m a r b l i n q  

c a c e g o r i e s  i n  t k e  c z o r r y  a ~ c  p r ~ t e i ? .  rotainoc vclidatio? d a t a  

NRC ( 1 9 9 6 )  ( H a r p s t e r ,  1'372; U a n c e r  et a l . ,  1980;  Lomas et al., 

- 7  - l3G; Woody et al., 1353) . 3cdy fziï perzer lc  zveraqeu 27 .  S , LO. T, 

a n d  25 .2  i n  -ihe srnall, s i i g n t ,  o r  trace marbl ing  c a t e g c r i e s ,  

- 1  . rospec~ively. -ris v a r l z 5 l e  3W ~Llows ~ S a p r k g  c 5 e  ryszeT. :c 

Doth rj.5. a n d  Canac i i an  g r a c i i n g  systems ancf d e t e r m i n i n g  SRW f o r  

. - - nârketing c a z c I e  ar c i ~ r f e r c r : ~  er!ci p c i n s s  i%cle 4.3:. 

A s u r v e y  d e s i g n e d  tc  detemine tne preferences of  O n t a r i o  

. - .  . . ,  - - P r - .  

packers ori weighc, Y . a m L x q  &ne y x - z  c - x s  .: Ellir,q2r3s - . t ~  x 4  

scatiscs p u b l i s h e d  o n  A g r l c u l t u r ~  a n d  Aqri-Food Sanaaa (-WFC) 

Lnaicaced thac t he  rna2orl-y 35  carcasses ir C n ~ z r i o  xcre  A 

m a r b l i n g  followed b y  AA a n d  AAA m a r b l i n g .  I n  t h e  same s u r v e y ,  

r e t a i ï e r s  Fnciicated oreference for P A  mariLing; ~ n e r e f o r e  ir: 

this s t u d y  a n  AA grade m a r b l i n g  w a s  t h e  t a ï g e t  a v e r a g e  m a r b l i n g  

score. 



T h e  NRC ( 1 9 9 6 )  e q u a t i o n s  r e q u i r e d  a n  accurate estimation 

af FSBW f o r  a d : u s t l n q  d i f f e r o r ~ ~  czttlo xeigfiis 7 2  a ~ . e d i i ~ m - ? r a m e  

steer. T h e r e f o r e ,  the f i n a l  s l a u g h c e r  weight adopted i n  ï h i s  

s t u d y  was basec on average çârcasr  weichr and y k i 3  oescribea c y  

AAFC. T h e  f i n a l  ~ r e c l i c t o d  average slaughter weignt f o r  steers 

was 5 3 4  kg. A sinilar vzlüe was descr ibed Xi lC : 6 fcr a r ~  

average steer i n  t h e  U n i t e d  S t a t e s  (533  Kg) . 
S e x  d i f f e r e n c e s  affect son_'orrr,ation, pa rz ic ; l l a r iy  bcdy 

composition. T a y l o r  ( 1 9 9 4 )  i n d i c a t e d  t h a t  h e i f e r s  a c h i e v e  t h e  

same body composicion, 09 2 livo w e i 9 f i . t  b a s i s ,  4 6  cz  6?, ?q 

lighter than steers of t h e  same breed and u n d e r  the same 

. . nuiritional r e g i m e .  Ir! ::is sr..+], zex ~ 3 3  acjzsrea 5-y 

d e c r e a s i n g  FSW by 57 k g ,  t h e  a v e r a g e  of t h e  v a l u e s  menticneci bÿ 

T a y l g r  (L354 - 
Daily ME r e q u i r e m e n t s  f o r  maintenance (MERrn! in megacalorLes 

.zf PZ/day were c a i c ~ - l a r n e  f z l l n s w i z q  ~ ~ s ~ r ~ ~ : i c ? .  2: & r r o = =  

(i980). 

NEm = net e n e r g y  (Mcal ME/Kg DM)  a v a i l a b l e  i n  feed for 

AME = a v e r a g e  rnetabolizable energy values for  t h e  

d i e c .  



Daily ME requirements of sïaers and heifers for growch (MERg)  i n  

- - -  rnegaccl=rios gf > E / a 4 y  were c a 1 1 ~ l a z e c  zs ISLLOWS: 

MERg = \TERg/ ! NEg/-ME ) 

; 9 7,qfiich: --- 

NEg = net energy (Mcal ME/Kg DM) avaiiabie in rhe feed 

f o r  gair . ,  

Requirements for maintenance and growth (MER) i n  rnegacalories of 

ME/àay wero c a l c z l a c o d  3s fdisws: 

MER = MERm + MERg 

4 . 3 . 4 . 3  Nutrient requirements fol: replacement heifess 

T h e  nutritional program for replacement neifers included rhe 

- .  p e r i s d  from b r o e a i q  io z a - v x g .  neifers xere  =n 2 g r i z i - q  

feoding rrogram from May 1 c o  October  31.  D u r i n q  f a l i  and w i n c e r  

. - . - h e ~ r e r s  :?ac accesç z v  rhe s m e  i i c z  2 s  ir-1 cows 'Yzble  4 . -  . 

Hêifers at breedinq time had 65% of m t u r e  cow weight as 

- recc-mendeci 'oy T à y 1 ~ r  ( l ' t g 4  ; . ~ r o w c k  rare r'r~r;;, 0reecir.s :c 

c a l v i n g  was defined as tne p r e d i c t e d  weight â t  calving 

àete-mined 8y  3roayts growrh equaclons minus weiqkt sc  breoaiq 

divided by number of days from breeding to f i rs t  calving. Energy 

requirements for growing hei fers  xere determineci u s i n g  NRC 

(1996) equations. 



4 . 3.5 Replacement Rate 

A replacement rate wss defineci 9y the number of f i r s t  

c a l v i n g  rows needed to r a i m a i n  a ~ x s ï n n ï  fierd size, depec~enc 

on herd fertiiity, rates of death, and v o i u n t â r y  culling. The 

p r ~ p ~ r t i s ?  of c@ws chai zmceivea affer  5 ~reecing seâsor! was 

assumed t o  oe 80% for the commercial beef herd (Amer et al., 

1992). 

The mortality rate of 2 percent assumed in the present study was 

taken from a survey of ~ e e f  herds in C3lorado +iitxrii e c  zI., 

1990). Voluntary culli~g was simulated to allow for a oeef 

. . -rcaucer c o  czll heFfers/ccws chat did ?OS neet r x~nm.  

requirements in the herd; for example, poor materna1 ability. A 

-8 - r s c e  of 4% w z i s  sec for a w s  cul,ed v o l ~ n c s r i l y .  

In tne modeling, a replacement race for a commercial beef nerd 

T ~ o s  set co 2 6 % ,  ( 2 3 %  due rs r e p r ~ C u c c i v e  r o ~ l e r i s ,  4% z.c 

voluntary culling and 2% to death). A large number of heifers 

. - .  w a s  ne&& i rL specls-izea herds, 8 e z c ~ s e  of lower r x e s  zf 

p r e g n m c y  with fresh ernbryo transplantation. The pregnancy rate 

for fresh embryos was cake9 CO be 7 6 %  ( 5 .  n a l l  1937, Z e x x  

genet ic services, personal communication] , which represents 

average Ontario rates of pregnancy for fresh embrp 

implantation. The same death rate and voluntary culling was 

assumed for the commercial herd. The replacement race in 



speciàiized heràs was therefore s e t  t~ 3 0 % .  

4.3.7 G r o w t h  ppsaqpters 

Cow body weighcs zt ca iv ing  f o r  various ages were 



c a l s u l a t e d  usinq B r o d y r s  qrowth equation (Brody,  1 9 4 5 ) .  The 

arociy growth  c u v e  was ciercribed à s :  

LW = A (1 - B e - " ) .  

I n  wi-ici'i: 

A = m a t u r e  weight ( K g ) ,  

B = tirne scale paramecer (Kg), 

K = m a t u r i n g  r a t e  parameter ( K g ) ,  

t = age in days from birth. 

M a t u r e  w e i g h t s  of  cows ( A )  were obtained from ana lvs i s  of 

. . p u b l i s h e a  resulrs =n genecis x f f e r e n c e s  ar.0-g rke =ro<rai?.âr.z 

beef c a t t l e  b r e e d s  i n  Canada ( A m e r  et a 1 . , 1 9 9 2 ) .  T h e  v a l u e  for a 

was deternined Dy t a k i n g  zhe difference C e c w e e ~  -% 2 - d  zhe w a -  

Sirth weignt expresses as  a proportion of mature sow size i a s  an 

-- - example f o r  r h e  S e r o f c r j  sroec 3 = 561 - L / . :  / 56: = 3.33: . 

The range of B v a l u e s  i n  this study (0.915 ta 3,9373 were 

s~nilar zc z h e  v a l u e s  cf 2.521 cs C. 533 abtained f v r  Arqcs z r s s s  

cows by Moncafio-Bumudez a n d  Nielsen (i390). Kcots ( 1 3 9 4 1 ,  u s i r i g  

from the Z l s r a  aeef kesearc? C e r L c e r  3 R C )  ~ e c z r i f e c  2:: 

F i s s  a n d  Wllton ( 1 9 9 2 )  d e f i n e d  m a t u r i c y  (K! parameters of 

8 . 2 0 3 7 ,  which was larger  t h a n  z k . x  descr i jed bÿ Sanders  EUL~ 

C a r t w r i g h t  ( 1 9 7 9 )  ( 0 , 0 0 2 2 )  f o r  similar mature cow weights. Koots 

(1994) suggested c h a t  a l a r g e r  K valbe inaicates a fas te r  

maturing genotype w h i c h  i s  c o n t r a r y  t o  expectations based o n  the 



C p o s i t i v e  genetic trend generally observed f o r  macure size O L  

C1- - 3rizisn z a ~ r L e  breeàs : ; b y l o r ,  359; A q r i c u l m r e  , ,anada - n  - 9 9 1 ,  ~ r ,  . 
Koots (13941  argued that ~ h e  higher K value, therefore, migh; be 

7 . .  due ~o z3o  f e o c ' y  req iae  3: E B X ,  r i ~ c e  cows 3~ E 3 K  h3d n lgn 

~ o d y  c o n d i t i o n  scores. Comparable va iues  of K for cows i n  n i g h  

- ,  8ody ~ o ~ a i t i c n  were not f o u r d  in t h e  ~ t e r a t ü r e .  h K vâIiie C E  

0.0022 w a s  t h e r e f o r e  u s e d  i n  this model, 

Tho c o m m e r c i a l  herQ was ccmposed of medium frane cows 

s imi lar  i n  weight t o  che A n g u s / H e r e f o r d  breeds described by -Amer 

- . - .  . . et al. ! 1992) . :or s p e c a ~ ~ z e c !  b e e f  ?oras, v a r i c ï  ccw v r a y  

w e i g h t s  w e r e  sirnulated as  o v p l a i n e i  in the description of the 

. 7 .  specla~~zea hera. Tho w e i g k s  S r î n  che Broày e q u x i o c s  were xsea 

to estimate feed ccnsümption 3t varioas age classes. 

- - .  . Ci-r c l r c h  xeigc?;s  i r ~  :ne rnociel were escinaïe9 z s  6 gercer :  

of  m a t u r e  w e i g h t .  This percentage w a s  based o n  average m a t u r e  

. ? 

2-w weia+-s 3fiIJ jir-,- -,qeicF-: f ~ r  fF7.e Seof Dre.3.d~ 

<describeci by Amer et al. i 1392) . ' T h i s  va lue  was sirnllar t,o chose  

- - .  - describen bÿ C i s s  âr.13 v v r - y ~  1393';. 3irt?: xei9f .z  3f keFZer3 N E S  

assuxed to be 0.97  that of steers based o n  t he  r e v i e w  by  

Woiaehawariac e t  a l .  119711. 

4 . 3 . 8  Pze-weaning and post-weaning gain 

The rates of q r o w t h  from birth ta w e a n i n g  and from w e a n i r ~ ~  

t o  s l a u g h t e r  f o r  the c o m m e r c i a l  beef herd w e r e  average v a l u e s  



over five b e e f  b r e e d s  describeci by A m e r  e t  a l .  ! I W 2 )  ( T a b l e  

. . -  4 -33 . Wesninç weighrr of z e i r o r s  were seL zs 35 % 3f %e -tiexi2- 

weight of male calves ( T a y l o r ,  1994) . 

4 . 3 . 9  Dystocia 

The degree of  c a i v i n g  difficulty was calculated per aqe 

c iass  a n u  a v e r a g e u  over tne ccw herd.  In rhe z u r r e n t  mode;, 

calves have d i f f e r e n t  birth weights since they were from 

Q i f f e r e n t  sire lines. Because sire and dam g e m t y p e s  c i i f for ,  r h e  

probability of calving difficalty m a y  change, due to iecal- 

p e l v i s  interacclm 'Meif erino, 1384 j . l o s r & n  arxi 3 rLzks  ' 1337' 

derived regression equatiûns co predict c a l v i n g  difficuity as a 

. . -  - - f t i n c t i o n  of CFrzi: weigkc a m  ?e-rer  w e i g 5 t  Ln f l r s t  C L I  

heifers ,  and as a function of calf  b i r t h  weight a ione  i n  two 

~ L i e r  àge ~Iàsses x i n q  expeczeci x e x  vsl~es . 
I n  the zurrent model ,  nean a l v i n g  ease was predicted using 

- ,-7 e q ü a r i o r ~ ç  3 e r i - r e B  f r~ri .  3cr;rcic;. sc:2 3rirks - 3 n  . 
LYS = - 0 . ~ 0 3 8  + o .  0 5 6 4  aw - 3 . 2 0 3 2   TI 

, Zow 3 Ç P  = 2 

( C o w  age = 3 or 13+)  

(3<  Cow age <13) 



w h e r e  3 Y S  Fs t h e  proportion oE cows experiencinq dystocia, BW 

- - r e p r e s e n c s  cal: birïh w e i ? ? z  o ~ p e z r e a  fsr zhe 7enocype s k ~ l a ~ s o  

and WM is growth c u r v e  w e i g h t .  

- .  Câivina d i f i i z n l r y  c o ç c r  were base3 on degros gf za -v - r ç  

d i f f i c u l t y  calculated in each herd simulsted. Caiving difficul~y 

l T T  ' .3\ 7 - 7 I . . .  uas classifiec as x ~ a s s i s r e d  +!, easy p u l l  :L I ,  narci p u i ~  ; , z , ,  

or surgical (S). Costs associaced with each category were 

obtained from Kooïs  (1394j. The iriciaence of each c a z q o r y  was 

based on data obtained from Elora B e e f  Research Center (1981- 

- ,  1992  j , as p r e s e 9 t e d  oy Xoccs i 1 9 9 4  1 (TaDle 4 . 2 ,  . 

4.3.10 Feed costs 

Foed c o s t s  for different animal sLasses were expresseci as 

: - 337 - $ / % c a l  XE ana 29-ainef f r x .  LazenDy or 2. . - . ?zsc7dro =2s=2 

were o b t a i n e d  by DuOoc ( 1397  j and represenced average cos ts :rom 

- - , -  - - ,  , -ma pasr i l re  for 1996 : , m , e  4 .  - .  . 

4.3.11 ûverhead costs 0th- than feed costs 

- 
Overhead coscs  were ûi ta i r l ea  frm che  O x a r i c  ; a r ~  

Management Analysis Froject p u b l i c a t i o n  69 i O M P )  f o r  1995. 

- - 
Overhead costs xere ciefined on â pe r  zow oasis for che ZDW-cà-f 

sector, based on a n  average Ontario beef  fam.  Feedlot overhead 

expenses were expre s sed  or! a per  kilogram 8 a s i s  (Table 4 . 6  j . 



4.3 12 Price data 

Catcle p r i c e s  were based on a v e r a g e s  obtaineà from tne 

Ontorio C a x l o m e n '  s Asscc i âc ion  ; 1997) . ?rices p a i d  for 

replacement h e i f e r s  were obtained from Edwards ( L 9 9 7 ) ,  ( T a b l e  

4.7':. 

In a survey described by Edwards ( 1 9 9 7 ) ,  a d e t e - m i n a t i o n  of 

w e i g h t ,  r n a r ~ l i n g  a n d  yield class were definad b y  packers in 

Ontario. Agriculture and Agri-Food Canada (AAFC) statistiss and 

pscker  survey results describeti the Ontario Ceef c a t z l e  

population. Seventy- two percent of r e p o r t e d  cattle purchases 

were carcasses weiqhinq 313 kg or aore, mc ~ v o z  6 3 %  2: 

cattle yieided 59% or b e t t e r .  In this s i m u l a t i o n  s m d y  average 

- ,erget - zz r zâ s s  ~ e i g h c  was sec ï s  be 315 KG. Xcer :ne c r r r e x  

Ontario carcass  weight diszount-pricing scheme (Table 4 . 3  ) xc 

, j i s s c u n ~ s  were  appliec r z  z c a r c a s  ~ e t w e e n  2 5 1  and 34C 2 2 ,  

range that covers t h e  target  c x s â s s  w e i g h t  simuiated in r h i s  

st~aÿ. 

4.3.13 Economics aspects of simulation 

Commerc ia l  and speciàlized 9eef systems xere compareci caseC 

on qross margins. Gross margin was def ined a s  net r e t u r n  a b o v e  

t h e  variable sosts o v e r  one  p r o d u c t i o n  cyc le .  VariaDle soszs  

i n c l u d e d  feed, o v e r h e a d  and replacement cos ts .  The production 

cycle star~ed a t  caiving and e n d e à  a t  s l a u g h t e r  of rhar  



o f f s p r i n g ,  if i g u r e  4 - 1 1  . Fixed cos ts  did not a f f e c t  

- - .  p r o f l t a b ~ ~ : ~ ! ~  35 ïhe b e e f  e n ~ e r p r i s e  i n  =te s h c r z  Cern a r 5  were 

t h e r e f o r e  ignored in t h e  sornparat i ve  economic analysis o f  

- .  cnmmercial A. 1. a!?d s p e c i â ~ ~ z e ~  P!CZT schernes . 
T h e  r e v e n u e  generated in rhe commercial snd speciaiired 

+ - Dee i  Fieris was Cased on selling CZL CGWS m c i  feedix sceers 3 9 2  

heifers. Cull cows w e r e  soid based o n  l i v e  w e i g h t  and steers and 

neifers on a carcass weiqn: basis. Cow revenüe wâs definêa as: 

Cow r e v e n u e ( $ )  = cow w e i g h t  a t  w e a n i n g  ( k g )  x cow p r i c e  ($/kg) 

Steer/ieifers r e v e n u e  = zarcass weight i kg] x p r i c o  ( S  / k q  

carcass) 

T h e  effect of  c h a n g e s  of  expenses  o r  revenue was based on 

. . a s t s  a?d crices Ceçcribia in -91s scudy. Xc sensirivi:y 

i n a l ÿ s i s  was conàuctoa ï o  d e t e m i n e  a s i n g l e  o r  combined eEfecz  

o f  d i f f e r e n c  prices c r  roses 2:; C ~ P  r e r u l t s ,  d u e  tc 2 ie  E x :  

t h a t  ra teq  of i n f l a t i o n  were low in the l a s c  five y e a r s .  

Cri .  ~ n e r e f o r e ,  caicle pr ices  and groduccicr c s : s  simu;+ree :$ere 

accurace ly  representative of sos~s and prises for a b e e f  

p r c a x t i o n  s y x e m  5 s  3 r x 3 r l z .  

4 . 3 . 1 4  Semen Price 

Semen price w a s  obtained Prom a c o m m e r c i a l  A. 1. company 

and r e p r e s e n t s  w h a t  i s  c ~ r r e n c i y  charged tc Znrario b e e f  

p r o d u c e r s .  Semen prices averaged 15.00 (CANS) per dose of semen, 



vich a standard deviaticn cf Si.06 (CANS! (T. Srnich, 1 9 9 7 ,  

Ûencor - qenecis anà services, persora l  3 r ; i m i ; 7 i c à r i û r . : .  

The  number of  doses of  semen p e r  p r e g n a n c y  of 1.6 was obtained 

frm Gencor, m c i  ropresezcs  an average f o r  C z z a r i r .  

4 -3.15 Ehbryo costs 

Embryo costs were s p l i t  into cost of production and cos t  of 

rheir g e n e t i c  value. Commercial cosrs  of f l u s i i n q  a donor zcw, 

p r e p a r a t i o n  a n d  i m p l a n t a t i o n  of  ombryos i n  a r e c i p i e n t  viere 

ob~ainec  frorn Gensor. T h e  p r i x s  ïsed represexed c ü r r e x  

cnarges to producers i n  O n t a r i o  ( T a b l e  4 . 9 )  . 

ml ine gener ic  v a l ~ e  a r ~ r i O i l c e d  tg e m b r p s  wos c ie r ivec  2-c-m 

o p p o r t u n i t ÿ  costs. T h e  opportunity sost  of a n  i n p u t  was defined 

- 3s z h e  r e x r r -  esrfiec ir- izr 3ogr  airornirive :se. r 2 r o ~ r - c  

b r e e d e r s  were c o n s i d e r e d  s p e c i a l i z e d  beef breeders producinq 

. - seecscccs f c r  zorUrierzLâ~ 3rcducers. T h e s e  broeaers' 70,:s cre :î 

produce o f f s p r i n g  of s u p e r i o r  quali ty, increasing the c h a n c e  of 

7 .  . - -  
rzcjher p r c f i z  a r  zhe ~ ~ r ~ m e r z : a -  -evol .  e a p:rebrer: 

a n i m a l  coula h a v e  been s o i d  i n  one of t h e  following s i t u a t i o n s .  

.- . . 
T n  =fie f i r s t  s i : l ~ o = i c ~ ,  2 s = e e r / h e i E e r  was so? z c  market W l L F -  2 

p r o b a b i l i t y  of 25%.  In the second c a t e g o r y ,  t h e  ànimal could  

have been sold a s  a b u l l  o r  purebred heifer a t  an O n z a r i û  

average price of $2500 .00  (CDNS) ( B I 0  - Beef Improvemenc O n t a r i o  

1 9 9 7 j ,  with a probabiiity of 50%. A rhird cacegory assumed <ha: 



a n  e l i r e  m i m a i  uoulà 50 so ld  oc a p r i c o  3f 55ûCG.Qû (CENS)  (310 

. . . . - .  - q -  - 3eef I rnprove~enr  D n c û r i z  3 3 7 .  i x n  a prcbacr-1-7 31 O %  

(Appendix 4 . 1 )  . 

Embryo cosirs per  u n i t  were then obta ined  by subtracting 

rerurns f r o m  expenses fzr esci simula~ec scenaris ,  i i v i d e d  37. 1 

the product  o f  t h e  a v e r a g e  number of viable embryos per f l u s h  by 

number of f l u s h e s  per donor ?er year. In tnat ca lcu iac ion ,  

embryo costs due to v e t e r i n a r i a n  services were added t o  p e n e t i c  

v a l u e  of  embrycs. 

4.3.16 Ehbryo Value 

T h e  embrÿo v a l u e  indicates the pr ice  îhat a breeder souid 

paici p e r  e-&ryo, 2 5 D r e o d i ~ q  sckeme similar rs r?.-.ose a e s r r i L e u  

i n  ï h i s  study were idopted. Embryo v a h e  was defined as the 

. - .  
d i f  ference becueec fqross z a r s i ? ~  i r L  2 s  speslo,:zed h e r c i  nisis 

g r o s s  margin at commercial t e r m i n a l  herd (Appendix 4 - 2 )  . 

4.3.17 Description of beef herds 

Two hypo~hetical Seef h e r d s  were s i m u i a c e d  i n  order t> 

investigate c h e  orocosea ~ b j e c ~ i v e s .  The simulaced herds 

rnirnicked a c o m m e r c i a l / t e r m i n a l  c r c s s b r e e d i n g  sys tem brea by L I .  

and a speciaiized herd orea Sy MCET. 



4.3.17.1 Commercial B e r d  

I n  t h e  commercial beei h e r d  cows were bred a r t i f i c i a l i y  rro 

à ze_rininal sire v i ï i  a mâcu ra  s i z e  similar ~3 rhe CtLârola is  

breed ( A m e r  e t  a l . ,  i992). T h e  m a t u r e  w e i g h t  of commercial s o w s  

- - .  - .  r e p r e s e n t e t i  an approsirnace m e a r  o r  zlve rna j r r  breeas <Chars~z:s,  

Hereford, A b e r d e e n  Angus, L i m o u s i n ,  S i m m e n t a l )  described by -Amer 

ec ai. (1392 3 (Fable 4.11 j . Sceers w e r o  m a r ~ e c  a: a cccscanr 

live weight cf 5 3 3  k g ,  w h i c h  represents a v e r a g e  weight f o r  

steers s i a i igh te red  in Canacor Aqr icu l a i r e  a rd  AgriFood Caczda 

(AAFC) .  Heifers were s l a u g h t e r e d  a t  96% of  steers weighcs 

rr) . - ?  ~ a y l o r  (1994). Ali replacernecr z e l z e r s  wero bree iz 

a p p r o x i m a t e l y  1 5  montns old c o  salve at two years of a g e .  

. - Replacement Xe;;~rs uerê c ~ r c h â s e a  j s t  Defore ~ k e  s c a r r  3 f  

b reed ing  s e a s o n  a n d  were bred a r t i f i c i a l i y .  Ç t e e r s  a n d  h e i f e r s  

.. - f r e m  the ~ermical crossbroodinq sysrem uero  2-1 s e r r  -3 n.ar:cer. 

4.3.17.2 Specialized Berd 

T h e  s p e c i a l i z e d  b e e f  herd  was s i r n u l a t e d  w i t n  a produzticn 

syscom ~asea or: i r n p h r i c i r ~ q  erbrycs :rom ô r o m i n a l  l i n e  L r : x  

r e c i p i e n t  cows from a m a t e r n a 1  l i n e .  I n  C h a p t e r  3, g e n e t i c  

p r o g r e s s  was cornpared F n  speciall-si r i r e  and lines v e r s x s  

selection w i t h i n  a s i n g l e  l i n e .  D i f f e r e n c e s  i n  relative economic 

w e i g h t s  wero attributed t o  t e r m i n a l  ânti m a t e r n a i  c r a i ï s  w i c h i n  

s i n g l e  l i n e  s e l e c t i o n .  



T h e  rates of gene~ic iinprovement ûbtained in tne NOET 

- .  
nucleus breeuing proqrams, z f r o r  a p p q r n q  :!-le describea geneciz 

correlations between preweaning gain and sow mature weight 

(Table 4.10 1 ,  : n ~ k e  simulczi3. i?. châpcer 3, xeze :se, i n  x i -  

r e s e a r c h  t o  compare  che  oconomic feasi~ilicÿ of s p e c i a l i z e d  

versiis non-speciaïizec selecclon lihes. The corminal z r a i ï  xas 

à e f i n e d  as p re -wean ing  g a i n  and the cow t r a i t  as m a t u r e  c o w  

weignr. airch weight and posï-weaninq q a i n  were aiso stcûiec as 

correla ted t r a i t s .  Correlated response to snlection o n  pre- 

weani~ç gâin waç s s e ~  cc p r e a i z ~  r a r e s  cf improvemerzs cc x c s e  

t r a i t s ,  Falconer and Mackay ( 1 9 9 6 )  . Phenotypic aean vahes 2nd 

sïar.ùard deviacions x e r e  o ~ t a i r . e d  from Amer or  3:. (19921 ( T a B 1 3  

4.5) . Gecetic correlations becween r r a i t s  were û b t a i n e d  from 

- -  K m z s  (394) T a @ i e  L - U , , ~  

Genec ic  r e s p o n s e s  âttained o n  individuai traits in 

speciaii~ed seler:ivr 3rûqray. were s9cz:noa for pre-xescir-.q ?ai:- 

and mature s o w  weight as i i r e c t l y  measured traits, and 

; n& 
. . -. 1.. -recrl-y r r  b l r - 5  w e i g ? ! ~  ac3 ?CS:-weari?~ - s i r . .  -ne Fcer~czyp i :  

mear v a l u e s  of those  t r a i c s  after t e n  cenerations o f  selestion 

- - zre  shown L n  TsCle LA,. 

4 . 4  Reaults and Discussion 

The results are presented i n i t i a l l y  based on the biological 

ef fec t  of traits and t h e n  rhe economic implications of c i f f e r e n t  



breeding schemes are described a n d  discussed. Embrÿo v a l u e  w a s  

repor teà  f o r  :WC lovels of  g e n e t i z  correlation oecween terxi2sl 

and materna1 traics ( - 0 .  i7 and û. 57)  . 
- 

c sx:LAy - . - r om che f ou r  ocor.on?ic ~ r a i r - s  cons ide rea  ir. :hi- p ~ ,  

m a t u r e  cow w e i q h t  had s l a rge  effect o n  economic v i a b i l i t y  of 

2 iEferenc  b r e e d i n g  sÿsïerns. Over 20  p a r s  of se;ection 

implementeu in a closed n u c l e u s  scheme bred by NOET, mature c o w  

weight in a specialired maternai herd vas reauced zo 70% cf :kat 

in a commercial cow herd. In a single selection l i n e ,  w i t h  

eccnomic omphasir on c3w s i z e  of 23 ,  30  and 408, m x x r e  s s w  

w e i g h t  was reduced by 15%, 19%, and 2 3 % ,  when genetic 

. - c o r r e l a t i o n  was 4.17, r e s p e c t i v e l y  xrnparod to t h e  zorrnerc:ai 

cow herd s cena r io  (Tabie 4 .  il ) . 
PP ~e . p c s i c i v e  q e r e r - i c  correlaricn becweer. 2ro-wea.ing 

a n d  m a t u r e  cow w e i g h t  ( 0 . 5 7  j cornbined with f a v o r a ~ l e  ecûnomic  

. . welgzrs ih ~ r e - w e a r ~ i c q  gâir-; and cr.:avor&;e e m ï - a m i <  xei-hcs in 

cow w e i g h t  l e d  t u  c i i f f e r e n t  rates of gross  m a r j i n  according t o  

- - A  rne j r e e a i - - g  ssneme s c c f i i ~ c .  Aï 22% 3f ecsnomic woia? :~  zric .Yi 

i n  p r e - w e a n i n g  g a i n  iNS  YO/-20) ,  cow m a t u r e  w e i g n t  w a s  5% h i g h e r  

chon coninerciai cow 5e rO welghr i T 3 B l o  4 . : 2 i .  Tho i x r o n e n c  of  

relative e c o n o m i c  w e i g h t s  by 10% and 20% i n  cow m a t u r e  w e i g h t  

A ?  

( 2 0  r o  30 and 20 to 43) aecreasea cow macure weiqht by L J  end 8 3  

k g  r e s p e c t i v e l y ,  compared t o  c o m m e r c i a l  s o w  w e i g h t  (Table 4 . 1 2  ) . 



4 . 4 . 1  E n e r g y  intake in the cow-calf phase 

- 
Annsal  ocerg i x 2 k o  r n r  zx? ronanse ,  ;rzw~!--, laccacior ,nÇ 

gestation were lower for the commercial herd compared to the 

Xovel and Elon-specialized bers, ac ~ h e  zvvc love l s  of qenecic 

zorrelations studied. A sirniiar energy intake was found  f c r  

. . cows in rhe conimercia, ne rd  a n d  Xovel breocinq sciiome, ir~ sp ice  

of  the difference i n  mature s i z e  (Table 4.13). The h i g h e r  energy 

i n t a k e  f o r  cows at XoveL r a s  due i n  parE ï o  a h i g h e r  m i 3  yie lc i .  

699  kg above the milk production Ln t h e  commercial h e r d  ( T a b l e  

- 1  - -  
4,143. Energy i n t a k e  i? X S S C / 2 3 ,  X S 7 0 / 3 C  ans X S G W 4 C  was - z ,  il 

ana 6% h i g h e r  t n a n  in commercial cows. 

A pcsirive relzti~ns~i- becwecn energ- i x s k e  anC ~ . i l k  

y-ield was a l s o  reported by Miller (19961.  M i l k  y i e l d  in s i n g i e  

soleczicz oreecf 22 croarams ~ 5 5 - 2 / 2 8 ,  XS7$/312 zn#2 X S 6 3 / 4 2  b J 2 . S  fvr 

the cwo levels of genetiz correlation studied , 5 6 ,  5 2 ,  and 4 3 %  

. - 1 - . .  +iiaizer - c h a n  -roa*ict io> 2: 23F- ' i l e rCLZ,  EsWS ('?d.~ie + . A & .  

4 . 4 . 2  Weaning weight for different breeding schenrss. 

- .  . .  . . 7 .  

NeanFng welqh~ wcs s i q ? i r x a x i y  m q p e r  15 3 e  s p e c z - ~ z e c  

single line selection herds compared t o  the commercial beef herd 

(Table 4.14) . Xeaninq xeight L E  the nove; scneme was 56 kq 

h i g h e r  t h a n  w e a n i n g  we igh t  of commercial calves. 

Decreasing progression of weaning weighc i n  rhe NGR- 

specialized breedinq schemes were dependent on the genet ic 



a s s o c i a t i o n  b e t w e e n  p r e - w e a n i n g  gain and m a t u r e  c o w  w e i g h t  and 

t h e  relacivo ocxomic  weiqhrs arzrib~tea C O  cnose z a i ~ s .  Ar 3 

g e n e t i c  correlation of  0.57 b e t w e e n  WWG a n d  MCW, weaning w e i g h t  

decreased z w i c e  che sz-onnr ?brci?es xhon cpnoz i c  Z ~ T T O ~ ~ L ~ C ? .  -da3 

-0.17 (8 to 4 kg! ( T a b i e  4.14). Comparing NS 7 0 / 3 0  ~o NÇ 60/40,  

weaning weighz ac- a ~eneriz z o r r z l à c i û r ,  3 .57  dêcreasej. ~y 5 

times cornpared t o  N S  7 0 / 3 0  and N S  6 0 / 4 0  a t  a g e n e t i c  cor re la t ion  

- 0 . 1 7 .  

4 . 4 . 3  Feedlot phase 

Heavier w e i g h t s  a t  t h e  beqinninq of t h e  feedlot phase  iz 

. - ,  acairion :O nigher r z c e s  of goss-weaning goin sign:r~can:ly 

reduced days o n  feed 2nd total energy  i n t a k e  f o r  specializod and 

- .  . - .  
m n - s p e c i ~ ~ ~ z e a  her3s i~ comcgriss~ z r  :?le c 3 - n m . o ~ ~ l a i  r~er? 

(Tab le  4.15) . 
Feedlcî steers a n d  neifers from the Novel breeaing program spenc 

. - 36 f e i i e r  4ays ar feed cornpsre2 - 2  z i m . e r x i -  s f e e r s  ~ r . 2  

heifers .  Energy  i n t a k e  for sreers and heifers from the Xovel 

m .. - 2 C breeainq program r e p r e s e ~ r e c  ~ i . 7  3 lesr e n e r w  ~3r~r i ; r r .p r i~ . r .  2-2:. 

steers a n d  heifers  f i n i s h i n g  t o  the same end-point in the 

. - commercrà~ nerds (Tûble  4.15. . 

4 . 4 . 4  Costs asaociated with the cor-calf phase 

Ann' ia i  cos ts  in c n e  cow-calf phase ,  exc lud ing  embryo c o r c s  



in spesislized and s e m e n  sûsis i n  ~ommerciai h e r d s ,  were lower 

i n  hiove: x c  Xon-specii;izee b r e e d i q  Sroçrams compareci tc a 

commercial herd (Table 4 . 1 6 )  . 
X c t ~ e r  or_ 31 7 c:za+ncri, D F ~ I ~ C ~ C S ~  ânri, ~ C C ~ O T . ~ C  

e f f i c i ency  of mature cow size acrosç several breod cypes and 

- - 
soccluaed  hot breed s i z e  erroccs ûn economic efflciency w e r ê  

expected and were a function of  nanagement, p r i c i n g  sshemes a n d  

t h e i r  interaction with creea size rstner rhan a o i o i o q i s a l  

e f fec t .  

The results of the c u r e n t  study agree with che literature. 

m- k e  Iarger cow ïencs rc ùecreare  revenue ise zc greazer ? . â c ~ r e  

s i z e  and higher maintenance costs. T a y l o r  (1994) indisated chat  

feed csscs  in the cow-câlf phase represem 42 sc 7YS û 2  :fie 

a x â l  cow-calf costç .  

4 . 4 . 5  Costs related to replacement heifers 

Costs  associated w i ~ h  replacement heifers were lower 

-CF cb-e xovel sckie~.e ,zûm+orerj :c S r 3 û / 2 z ,  5 5 7 a /  3 3 ,  >;=*:.! 4; zri.2 

the zommercial Rera (Table 4 . L ? ) .  Replacemeni heifers were 

T .  

p u r i h â s e à  or 14 ncnrhs 3: q e  h s e b  sn - i v e  x ~ i 3 k  :ds 653  ûf 

cow mature w e i g h t ) .  S i n c e  Novel mztüre cow w e i g h t  w a s  t h e  

smaliest of al1 D r e e d i n g  schemes scudied, the p o r c h a s e  p r i s e  i rr 

replacement heifers w a s  p r o p o r t i o n a l l y  lower compared t o  the 

o t h e r  8 reed ing  schemes. Overheaci cos ts  were a l s o  lower f c r  



replacement heifers  i n  a Nove i  scheme cornpared te NSe0/20, 

B S X / 3 û r  ' i S 6 V 4 0  orid sommercia<, since e n o r g y  for rna ln~e r ia r~ce  

a n d  growth from broedinq co partürition was c o n s i d e r a b l y  less . 
- .  - - E m r p  c o r t  represe3teC 16% sr x . o  c v e r a ~ ~  zssrs  f o r  r ep l ace r i en :  

Reifers on Novei schemes. For a N o n - s p e c i a l i z e d  herd, on average 

ernbqo costs maae 3p 14% cf rhe =cial ccszs ( T a b l e  4 - 1 7 , ! .  

4 . 4 . 6  Costs for the feedlot phase 

Feetilct costs were sig~ificantly higner for : c m ~ e r c i n l  

h e r d s  compared t o  h e r d s  i m p l e m e n t i n g  MOET (Tab le  4 - 1 7 ! .  

X f f e r e n c e s  i~ feecloc m s t s  decreasec 3- diEfororLc r i x e s  fcr 

Novel and N o n - s p e c i a i i z e d  breeding schemes c o m p a r e d  to the 

corrimercial her5; 534, 531,  $26, and K T  :CDXS'l , rospecz ive1y .  

4 . 4 . 7  Economic cornparison between specialieed and non- 

specialized breeding schemes . 

Comparing econornic feasibility, s e i e c t i o n  for speciaLized 

- - . . materml and t e r r n i n â l  r r z i c s  versLs selecrior l e  s x $ e  - x e r  

gr n o n - s p e c i a l i z e d  k e r d s ,  Gross  m a r g i n  favored the Novel 

breed inq  s c r a toqy  (Table 4-13) . 

A sirnilas gross  rnargin was f m n d  between NS 6 W 4 0  and NS 

70/30 ,  and NS k 0 / 2 0 ,  f o r  t h e  average of che cwo genecic 

c o r r e l a t i o n  levels be tween  WWG and MCW. Costs were lower at NS 

6 0 / 4 0  but gross  incorne was h i g h e r .  T h e  àifference in g r o s s  



incorne was d u e  ta t h e  extra  cow weiqht so ld .  

3 y  increasi~q rolaclvo eco?cnic emohssis E r c m  2 3  :î j V 1  - ' -  .- 

t h e  materna1 trait, gross  rnargin was 1 0 %  higher Fn NS70/30 t h a n  

g r n r s  rnargiz i n  X S 8 2 / L t C .  

T h e  g r o s s  rnargin generacoi f o r  the ; ive b reed ing  schemes in 

c h i s  s 'cudy,  excl:din~ zosrs  r d a c e d  CO enbryos,  xas h i q h e r  Ir. 

t he  Novel and Non-specializeà t h a n  commercial herd gross 

rnargin (Table 4.18 j . 

The  c u r r e n t  cost of embryc t r a n s f e r  ( a n  ave rage  of 5151.35 

. . 
CDN5 i ,  f o r  p r ~ d - c i n g  s a r k e r  z i n i ~ a l s  was rco a ~ 5  r o  a a k s  

specialized and non-speciaiized breeding schemes econornicaliy 

v iac le  (Table 9 . 1 ;  . Zrrdryc o s r  in yhe ' iovel breeaing sckLorne 

shouid be reduceci by 5 . 6 %  ($151.35 to a142.8i CDNS! and 12.78  

. . ( S 1 5 1 . 3 5  :c $ 1 3 2 . 2 4  CzxSi : G  je econcmrnczliv feaa-oio zeneciz 
d 

c o r r e l a t i o n s  of - 0 . 1 7  and C.57, r e s p e c t i v e l y .  

. - .  Zn N G Z - S ~ S C ~ S - : ~ ~ ~  b r e e a i n ~  schemes e m ~ r ÿ c  z r s E s  s h o ü l 3  be 

r e d u c e d  even f u r t h e r  t h a n  in the Novei scherne. Reducing emSryo 

_ - 1  . - h COSES 8y 3 4 5  in NÇ W / ; 3 ,  2 - -  12 NS ~ b / j s ,  3 2 %  ir. 95  h y , , ' < c ,  

f o r  che  average of two g e n e t i c  c o r r e l a t i o n  Levels, would rnake 

- + 

enioryc c r a n s f o r  economica~iy f e a s i ~ i e  in 15ose breeaizg schenes. 

4 . 5  Conclusions 

Comparing neE r e t u r n s  o v e r  v a r i a b l e  costs showed t h a t  

implanting embryos from h i g h l y  seiected lines for growth t r a i c s  



i n t o  sows chat were seiected fûr small body s i z e  was more 

- .  . - economisally v i ab le  ensn  enicryos f r o m  à s i n o l e  +:no :rnp_a?~ed ir 

cows irom the same hreeding scheme. 

If a i nx l i i - r r a i r  s e l o c r i ~ n  o~ieczivê w a s  =seci 1: m x i m i z e  

p r o f i t ,  w i c h i n  b r e e d i n g  s c h e m e s  simiiar LO those studied in c n i s  

s i r n u l a t  ion.  z a ï c i o n  should be exercisec uiRer, s e r t  ir.9 r e ; a c i - ~ ~  

economic emphasis of terminal t o  rnaternal t r a i t s .  A rnaternal 

t r a i t ,  represented in tnis sïndy as m a t u e  cow weighc, h a à  2 

major economic effect on the breeding schemes simulated and 

- .  shouii be incluaea i2  a ~ L C L - r r a i r  Oreecicg o ~ j o c - i v e .  

Within t h e  range of  re la t ive  economic emphasis g i v e n  ta a 

. - - .  
ce-minal - r a i =  Ir. re;a:ioc r o  3 rnacernel c r â i r  ir. s lnq-e  ix 

s e l e c t i o n ,  a s l i g h t  i n c r e a s e  i n  gross  margin was found by 

. 
increarLng e c x o c i c  ernskzsis zn  m r x e  row uoqc: .  - .. 

A t  t h e  cürrerx c o s t s  of  e m b r y o  rirarisfer, produsing markec 

- - , . .  - mr~irnâls by ZT is noc econrrnica--y ~ a o l e .  i n b r y o  p r 5 . x  t a s  t3 38 

reduced i n  order  Co oe implemenïea in 3 i g h l y  speciaiized 

breea i?g  s t ra tec - , r .  
4 2 



Table 4 . 1 :  D i e t  formulations and Eeed s t u f f  cos ts  
Ingredienï D r y  ma tce r -  %cal ,ME Frice- Percegr d i e t  3 r i c e  

( %  kg/DM ($/tonne/* fed) ( 0 , )  iS/Mcal ME) 

2rv  cow d ie t  
Corn silage 3 3 2 - 2  
Eaylage 39 -.i: 1 f l  

Diet 2 6 . 5  2.1 

Feeaiot 
Hsylage 38 
iiM corn 7 2  
Diet 62 

Pasture 2 . 3 5  IO0 3 . 9 2 5 1 -  
Mil k 12 5.29  
' S o u r c e :  NRC (19963 
- Source:Lazenby et alJ1997) 

S o u r c e :  9uDcn (1997) 
Source: Miller ( 1 9 9 6 j  

C) . -  " F o r c e n t  3f m i l 2  i n  c a l ? ~  d i e ~  p r o s o a ~ e c  in lacle 4.2 

Table 4.2: P r o p o r t i o n  of the ca l f ' s  diet that is from milk. 
-iori-,h of % ef c a l f  3üi2 



Table 4 - 3 :  Standard reference weiqhts f o r  d i f f e r en t  f i m l  body 
c c m ~ c s i ~ i o r - s  - . - - 

Average marnling score 

-m races  SlFuht Sma l l 

Body f a r  "6 25,,? 2 - 9  2 6 . 8 I  3-0 2 7 - 8 k 3 . 4  

Standard r e f e r e n c ~  
w e i g h t ,  kg 4 3 5  4 62 4 7 8  
: S o u r c e :  NRC i 1 3 9 6 ) .  

Table 4 . 4 :  Means ,  p h e n o t y p i c  standard dev ia t i ons  a n d  - - -- 

heritability' of traits s i r n u i a ~ e c .  
Traits P a r a m e t e r s  

B i r t n  CO weaning g a i n  ikq/day! 3 . 5 ' 0  O .  120  0.29 

: Source :  Koots (1994) 

. .  - - .  
T a b l e  4.5: Coçcs and insiderses of calvin9 a x - -  , - c - ~ r _ . ~  r 
cornercial and specialized herds, prices based on Llora Beef 
Research Centre vzlues ( 19s 1-1 992 j ' . 



Table 4.6: Variable expenses f û r  cow-cal: sector expressed per 
- - A  7 sow basis, and 13r feeàlrt per  _ v u  .q càsis. 

---------- ------------ -------------- 
A n i m a l  h e a l t h  & b r e e d i n g  3 0 . 2 0  5.56 

5 - 9 6  Other içtabilizotion, 3upp;iesi 1.73 
M a r k e t i n g ,  t r a n s p o r t a t  ion 11-82 ?.  1 9  
C u s t o m  w o r k ,  e q u i p - n e n t  rem 0 . 7 1  2 - 5 2  
Hired iabor - - . - 2 . 5 9  2 .79  
M a c h i n e r y  & o q i i p .  rue- & cri 13.45 1.58 
Machinery & e q u i p .  R e p a i r  18 .36  2 . 64 - - -  Motor venicle expenses 12. 96 L . - -  

Building, fence repairs 1 7 . 9 5  6.53 
Heating fuel 2.23 
E l e c t r i c i t y  & t e l e p h o n e  1 7 . 6 9  2 .86  
Accoünt i n g ,  cf f ice expenses 6.48 - q -  

L.L! 

Interest - operating 11.52 5 . 1 7  
O t h e r  cash variable expenses 1 3 . 6 1  3.73 

T o t a l  ~ a r i a b l e  expenses 179 .42  43.34 
o t h e r  t h a n  f e e a  zosrs  
Source:  O n t a r i o  Fam Management Analysis Pro jecc 

, - -9  7 , ac-j T a o i e  4. ! : Average catcle c r i c e s '  ; d a ~ u a r y  L 4- 

replacement h e i f e r s  purchase price (per kg) . 

Table 4 .8 :  O n t a r i c  a r c a s s  weighr: discount p r i s e s  sche~iie. 
Carcass weig5-c ( kg)  3 i s c o u ~  ( $ / 1 0 a k g :  

499-499 13.23 
- Source:  On ta r io  P a c k e r s  as supplied by Edwards ( 1 9 9 7 )  



Table 4.9:  Costs  associa~ed with multiple o v u l a t i o n  a n d  embryo 
t r a n s f e r  - ( C Z N S )  
Variables ~ o s t  
--------- ------------- 
Semen 1 5  . OWdose-' 
3 r u g s  I5Z.X 
M e c i  i um 50. Û 0  - - -  
Labcrir A , a r T  4 O C O / ? r  
F e e  4 0 . 0 0  

.. 
' Source:  Hall, E ( 1 9 9 7 )  - Gencor 
- Average doses of semen p e r  flush 1.8  
' Time spent frorn flushing to implantation of embryos 2 h r s  
Average of s i x  viable embryos per flush 

Table 4.10. Genecic co r re la t i . z l ns :  ~ e s w e o r ,  c r â i c s  sizu'ace.5. 
T r a i t s  Genetic cor re l a t ions  

W D  - BWD 
krvJi! - FWG 
WWD - MCW 

' Scuxce:  Koc ts  ( 3 9 4 )  
WNU - Weaninq gain d i r e z  
3WD - 3 i r z h  weiqh; Sirecc 
PWG - F s s c - ~ 3 a n i z q  ?a i rL  
NCW - Marure zow weichr 
S o ~ r c e :  K C ~ C S  ' 1394 j 



T a b l e  4.11: Mear. values !kg) of sinulated traits after 20 ÿears . . of s e i e c c i o c  f9s  specialirea 2-5 r x n  specialized L r r ~ o  seLecrioc- 
S e l e c t  ion T r a i t s  

CWD - 
BWD - 
PWG - 
MCW - 
MWT - 

Weâning gc in  dires: 
B i r C h  weight direct 
Post-weaninq g a h  
M a t u r e  cow w e i g h i  
M a r k e t  we igh t  

T a b l e  4.12: Mean v a l u e s  ( ~ g )  of sirnulated t r a i t s  a f t e r  20 years 
cf s e l o c t i o n  for specialized inC non rpecializes line seleczi-: 
Select ion Traits 

'IJpJZ - 
BWD - 
?'fi& - 
MCW - 
W T  - 

Weaniq g a i -  S i r e r z  
B i r t h  w e i g h t  direct 
Post-weariirq gzin 
Mature cow weight 
MarKet weignc 



Table 4 . 1 3 :  L i v e  weight and energy  i n t a k e  of breeding fernales 
f o r  specializea and non çpecialized beef neris. 
Variable Novel NS80/20 NS70/30 NS60/40 COMM 

idam line:. 

. - 

- O -  Mature cow weight ac calving üsing genetlc correlations 5f -C,i7 aza Q-5:- 
between mature cow weight and xeaning ga i=  direct 
','Weighted annual cow energy intake using genetic correlation of -0.17'  and 
0.57' Between con mature weight and weaning gain direct. 
Novel - 100% on a maternal trait. 
NS80/20 - 8 0 %  relative econornic weight on t e m i n a l  craits and 

20% on maternal traits. 
NS70/30 - 7 0 1  relative economic weignt on terminal c r a i z s  ànd 

30% on materna1 traits. 
NS60/40 - 604 relative econornic weight on t e r m r n a i  trairs ana 

40 i on maternal trait. 

Table 4.14: C a l f  mil;< z x s ü r r + ~ i o r i  a n c  nieaning x e i g h z  fcr 
di f f e r e n t  b reeding  schemes. 

Variables 
--------- 

1876 1 8 4 5  l R l 0  1 7 5 9  1 5  13 
1-35 18 4 7 L i !  / 1638 . -.-- .. e 

13121 

268 265 261  256 2 1 3  
WW; (Kg) 2 7 266 r - .  - - -  256  - 4 3  L A ~  

Milk yield on breeding scneme w h e ~  geneïic zarrelacicn necween pre-wear-inc 
gain and 5ature cow weight was -0.17.  
Milk ÿieià on breeding scheme wnen genetit csrreiztion ~etween pre-weani~q 

gain and mature cow weight was 0.57. 
' Weaninq weigh twher ,  genetic c o r r e i a c i o n  ~etween - r e - w e m i r q  g o l n  ara nazzre 
cow weight -0.27. 
'Weaning weightwhen genetic correlation Detween pre-weaninq gain and marure 
cow weight  2 . 5 7 .  



Ea-s't-0.17) 7 - - !U r, 
ME- !Mcal) ( - 0 .17 )  4 5 3 9  
Days i 0 . 5 7 )  - - iz 
ME' (Mcal] ( 0 . 5 7 )  4 4 1 4  
S l à u g h t e r  534 
Carcass wt, 320 320 3 2 0  3 2 0  3 2 0  
- Average days in feed lo t  fcr s t e e r s  and heifers ü s x q  qenetic - - 
correla~ioc of -0.17 between weaning gain direct  and mature cox 
weight. 
- Average energy  i n t a k e  f o r  feedloc steers and heifers  us inç  
genotic c o r r e l a t i o n  of -0.17 oetween weaning gaie di rêcz  and 
matrire cow weight. 
' Average days sn feedlot fcr steers a n d  heifers i~s i r .g  genêt:= 
corre lâ t ion  cf Û.57 betueen weaning qaic d i r e c c  2nd ? a x r o  23-4 
w e i g h t .  
: Average e n e r g ÿ  i c t a k e  for feedioc s r f e r s  a r ; j  he i fe rs  ~ i s i z ç  

. . 
g e n o t i c  scrreiaclon of 3 . 5 7  becween weanizg :ai- r ~ r e c z  aeù 
rnatclre cow welqhc. 



Table 4 . 1 7 :  Average s o s t s  p e r  head associated with replâcement 
. .  - -  neifers, feedloï s ïee rs  a n d  k e i f e r s  fgr air zeren: Creeui~q 

scheines (CDNS) . 
Variables Novel NS83/2'2 NSTÛ/3û N S 6 8 / 4 2  S ~ L W  
--------- ------- -------- ------- -------- ------- 

- *  . - 5G3.55 - - -  m RepLac . ZPE. : i i 2 - ~ 4  677.62 6 4 5 . 7 6  116",44 
Replac. Heif.' 582.11 981.69 306.41 719.54 1167.44 
F e o ~ l c t -  2 1 7 . 9 3  220.33 223 .36  223.3 2 3 ~ 3 1  - -  + 

Feedloc ' 216.69 219.95 226.70 240.04. 251 -31 
' Costs associaced w i t h i n  repiaceaenc hoifers wnen genecic correlaricn 
between pre-weaning g a i n  and mature cew weight was 4 - 1 7 .  
- C O S ~ S  associated witnin repiacemenc heifers wnen genetic ccrreia~ion 
between pre-weaning gain and mature cow weight was 0.57. 
' Average feedloi  coscs for steers and neifors wnen generic zorrela~lon 
between pre-weaning g a i n  and mature cow weight was -0.17. 
Average feedlot costs for steers and heifers wnen generic correlaiicr 

between pre-weaning g a i n  and mature cow weight was 0.57. 

m . . -  ~ a b l e  4.3: Gross incane frm feoalsr sceers  înd zelrers zc ; l  
culi cows, gross e x p e n s e s  e x c l u s i v e  of embryo costs, g r o s s  
rnargir: and e ~ 3 r y c  va lue  fsr A ; = G  J - i ~ e r e n ~  brsedinq sche~.es 
iCDNS/embryo) . 
Sreeding Sross Sross Grcss: Grass Emb r y o  
scheme incarne expenses m a r q i n  m a r g i n  value' 

-------- -------- ------- --------- -------- --------- -. - n . - Novel :-0.17: . - A  7' 1-41. , Y  -23.11 4 ~ 3 .  ,-2 266.63 142.3, -, - 
Novel ( 0 .57 )  1140.g9 7 3 3 . 6 1  4 0 7 . 2 8  255.93 1 3 2 . 0 4  - - NS20/2û ! - 1 3 . q 7 k  - 1 6 4 .  - . , A Y - -  T L .  31  2 2 - .  4 -L ;c .  3 3  - - -  - -  

; '4 
-.-- i .  L s k .  < i  - A , -  - -  

NS80/20 ( 0 . 5 7 1  1i94.74 5 2 6 . 7 5  367.99 216.60 . - 7 -  L I -  - c - -  - -  92.76 
m ‘ x / 3 8  ( - 0 .  L 7 :  - - e  1 l - i  - 5 3  7 6 9 . 4 3  J 5 r ' . 4 7  L 2  t '  . -i 1 - 3 . 1 2  

- - -  _ -  
NS70/30 ( 0 . ~ 7 )  1181.14 31C. 91 - 370. 23  218.87 

i - c  

94.98 - -  - - -  NS60/4C ( - 2 . 1 7 ,  1 ~ ~ 1 . 2 3  1 6 4 . 1 5  383 .36  236.73 - - L .  9 2  

NS60/40 ( 0 . 5 7 )  1165-27 798.19 367.08  2 1 5 . 7 3  91.83 
I l - -  Cornerciai 1181.19 905.95 ~ 1 3 . 2 4  2 7 5 . 2 4  i,~ - 

Base embryo value was 151.35 CDN $ 
- G r o s s  margin  w a s  gross  income minus gross expenser  

Embryo v a l u e  was defined as the breakeven price, o r  t h e  price 
that a breeder couid pay tû a t t a i n  the same g ~ o s s  m a r g i n  2s 
ob ta ined  i n  a commercial terminal herd. 
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Appendix 4.1 Uenetic p r i s e  ûf embryos ûver  ve tor inary   osC Cs 

- 7  C I  - 
variables 'v 2 

Pl=male t o  female  r û t i o  - - 
?2 = ? r o b a ~ i l i î y  of se_-inç as a aarkez szoer/?!eiter 
P 3  = probability of s e l l i n g  a s  an a v e r a g e  b u 1 1  

. - -  
3'4 = pro~ability of çellinç a s  û s u p e r i o r  m i ~  
INCS = income for s e l l i n q  a f e e d l o t  steer 
INCH = iccome f o r  seliizq a f e e d l ~ t  k e i E e r  
INCAB = income for s e l l i n g  an average b u l l h e i f e r  
INCSB = income f o r  s e l l i n g  a s u p e r i o r  ouil/cow 
CFS = costs associated with foedlot steers 
CFH = c c s t s  a s soc i a t ed  with f eed lv t  h e i f e r s  
TEST = costs f o r  having a bu11 on performance test 
OSH = o the r  cos ts  
AVBY = embryo yield p e r  f l u s h  
NUMBF = nurnber of f h s h e s  per yeâr 

Male income = p l  * (C.25*INCS+O.5*INCAB+O.25*INCSBl 

Temale incorne = p i  < ~ ~ . ~ ~ ~ I N C ~ - ~ . ~ * ~ ~ C A ~ + I ~ . ~ ~ ~ I ~ C S ~ ~  

Male expenses = pl * (0.25*CFS+0.?5*CFH+0.75*(TESTf2 + ! O T H f 2 ) )  

- - ;enale espenses = 31 y i 5.23-'YS-;. ~ ~ T C F H T ~ .  (TEST*; - :312*2 i 

Return = Male Lncorne Fernais incorne 

- ixoenses = X&es e x p e n s e s  - female e:rperses 

Price = ( R e t u r n  - Expenses ) / (AVBY * NUMBF) 

. P , ~ r t s  assocFa~oC :c feedlsz  s t e e r s  d e c e ~ d s  z -  broedi-q se5ez.e s L ~ : ~ i a z e C  

Cosrs  associated r o  feeàlor k e i f e r s  depe~as  3 r  breeci icg sckeme r ~ n ü l a r e ~  



Rppend i :~  4.2. Calculations f û r  est i rnat iûn of embryo vûli ie.  

Cow 3 3 0 . L 4  (Table 4 . 1 7 )  
X e p h s e m e n t  h e i f o r s  175.56 ,533.55 30% replacenerx r s t e :  
Foedlot ( s tee rshe i f .  ) 2 1 7 . 9 3  
C 

- A -  - -  
~ m a ~  l ~ 3 .  - J  

Feedloc 
Cul1 cows 

- lotai 
Gross margin 

Gross  margin 

:a35 . 19  
135.99 ( 374 .00  * 1.09 '26% culling 

ra re )  ( T a b l e  4.13) - n 1141 i k  
4 1 8  - 0 4  CDN $ 

Commercial h e r c  
275.24 CDN $ (Table 4 . 1 8 )  



5 .1 GENERAL DISCUSSION 

The nost basic ef fecc of reproductive tecnnologies is to 

' r increase reprcduc~ive p o c e n t i a l  [Be~ieriagê, ~ 3 9 3 ; .  This means 

that f e w e r  parents are required to produce a given number of 

of fspring, compared wir-h natusal  maring. Genecically, z h i s  r e s u l r s  

in increased intensity of selection, which in t u r n  can result in 

an increase in tne average qeneiic m e r i t  of ofCsp r ing  : L a d  3nd 

Hill, 1 9 7 5 ) .  It follows that if a reproductive t e c h n o i o g y  is used 

Ir, a ciosed ?~?ulatioc, che r a r e  of genecis irnprovornerts il the 

population can be increased. This is the essent i a i  genetic 

advan~age ~f fereu by r o ~ r m i n c c i v e  cechnoloqies. 

ünfortunately, Lhere is s i s c  a d o w n  side to ~ h e  use ûf tkase 

~ e c h r ~ o i o g i e s :  rhey car. c r e a ~ a  s o b s ~ a r ~ t i a l  ?r?c loms  i- rer7.s ;f 

Fnbreeàing and vâriability sf response (Villanueva et a l . ,  19951 . 
- . - 
L E  is ;eceçsary r o  p r e c i c z  t3e u ~ C e s F r s c - e  imseazexes ,  

which have beer! in place f o r  many decades. Onlÿ in t h e  p a s c  ter? 

years nas t h e  necêssary t heo ry  boen deveiopeU ~o e r . o ~ l e  3 ~3 

account for variabili ty in resoonse when planning breeding 

programS. There is s t i l l  much w o r k  to be done on che tneorezlcâl 

side. However, by using simülation, stochastic and deterministic, 

geneticists have oeen a b l e  to reach some substantiai conclurions 



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

have corne 2- with p r a c c i c a l  sugges=icns aDout  how best rg u s e  some 

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

- .  r h e i r  acivantages anci ? e i r  ~rmicaticns ( 3 0 1 ~ 3 c n ,  1997 ) . 

Over the l a s t  20 y e a r s  the n o n - s u r g i c a l  recovery and t r a n s f e r  

of  embryos h a s  become â r~uïFne cechnique i r ~  c a t t l e  oreeai~g, and 

s c i e n t i f i c  advances have led t o  t h e  c o m m e r c i a l  i n t r o d u c t i o n  of 

techniques Eor i n  v i t r o  ernbryo production i IVEP) (Lao et a l . ,  

1 9 9 4 ) .  

T h e  c b j e c t i v e s  of  tnis t h e s i s  were t o  develop genetic and 

ecmornic models t o  cornpore races of qeneïlc inproverneni  s t ~ o l n e c  

i s p e c i a l i z e d  a n a  n o n - s p e c l a l i z e d  b e e f  l i n e s  a n d  s t u d y  the 

p ~ s s i b i i i r ÿ  of prcdl is inq rnarkez ar.inia1s i i s inq ernDryo r r a r ~ s f e r  

ceshnology .  I n  C h a p t e r  3 ,  che  p o ï e n t i a l  f o r  u s i n g  reproauctive 

- . -  =ec:2r.vloav;, a A s-jcFL a~ ~~i.t l-=:pe z v u l a t i c r !  and emsryo u a n s f e r  iXOE7: , 

srid in vitro embryo p r o d u c t i o n  (IVEP) Ln a closed n u c l e l i s  b r e e d i n g  

r c h e m e ,  was invescigaceci .  Çe lecc ion  was z â r r i e c  31ii f ~ r  2C p a r s  

i n  t e r m i n a l  a n d  materrLal c r a i t s  i n  specialized sire a n d  dam Lines, 

- - .  - - - 
ana in 3 ~icglo -2r.e r e l e c ~ l c r ~ .  r m h r p s  frorn î  zermir.â_ :iZ5 ivero 

i m p i a n t e d  irL r e c i p i e n t  cows from a dam l i n e  d e f i f i i n g  a NOVEL 

breed ing  sciieme, c o m p a r a c i v e ï y  errbryos frcm s i n o l e  l i n e  seleccic:. 

were i r n p l a n t e d  w i t h i n  r e c i p i e n t  cows also frorn s i n g l e  l i n e  

s e l ~ c t i o n ,  c i . a r a c t e r i z i n g  a Noid- SPECIALIZED b r e e d i n g  scheme.  The 

rates of genetic improvement at tained i n  NOVEL and NON-SPECIALIZED 



schemes for a nucleus implementing MOET and IVEP where then 

compared at different levels of heritabilities, relative economic 

weights and genetic correlations for specialized and single line 

selection. 

The cornparison of the two different reproductive technologies 

showed that genetic response in Che MOET nucleus was significantiy 

(P<0.01) higher than genetic improvement achieved in the IVEP 

n u c l e u s ,  independently of the breeding strategy stuaied. 

Implementing a nucleus beef herd by IVEP initially had the 

advantage of shortening generacion intervals over the W E T  scheme, 

but current rates of success in addition to lower accuracy of 

selection in IVEP were limiting factors and decreased 

competitiveness compared to the MOET nucleus. 

Efficiency of selection in specialized sire and dam lines, 

relative to selection in a single line, was comparatively studied 

with different economic emphasis on t e m i n a l  a n d  maternal traits 

in a single line. Independently of the reproductive technology 

adopted for nucleus irnplementation, accumulated ge~etic response 

over 10 generations of selection for specialized sire and dam 

lines was signif icantly higher ( K 0 .  01) than selection in non- 

specialized lines. 

When genetic correlations between terminal and maternal 

traits were unfavorable, fairly substantial gains in efficiency 

were obtained by selecting specialized sire and dam lines. 



D i f f e r e n t  levels of  heritabilities of teminal and naternal t r a i t s  

ai30 nad a n  Important f ü n z z i n n  I n  Jerorni?in~ z h e  sccerirrizy of 

1 + specialized sire and dam l i n e s  over sirqle ~ r n e  selection. The 

l a r g e r  ike d i f f e r e n c o  kerweer  fie h e r L r ? i ~ i l i = i o s  if zke zerminil 

a n a  m a t e r n a i  traits was, t h e  better ir wzs t~ select fur 

speciaiizea sire and dam lines. Zfflziency of  selecrisr, i:. 

specialized lines in r e l a t i o n  to selection in a single line 

increased as cne  ratic af relative econornic weights 5etrhieori 

t e r m i n a l  and materna1 t r a i t s  decreased in t h e  single line 

selection. The dominance cf  '_ho ~ e r n i i n a l  o r  T.a=err_al =rait, Ln 

specialized beef iines showed t ha t  efficiencÿ wâs mainly s e n s i t i v e  

- -  L w c h a n g e s  in the cion?iKan= , os  neascreu c y  z e - a t ~ v ~  

economic weights and herit3Dilitizs. 

- - ~n conclüsiof i ,  r 3 ~  r i e o r o r i c z l  s é x a y  ic c5ep:~r 2 rimwez z%z 

seiection on specializea sire and dam lines in a nucleus Dreeding 

scheme yieldec hiqher c je~~ez iz  respocses zûrnpareci z2 selec~ls:. k r  

terminal and materna1 t r â i ~ s  in a single line. There is adequate 

, . evidence, ~ a s e d  in zn-5  S ; L C ~  3rd p r o v l 3 ~ ~  3 r ; ~ i - 3 ,  :?-a5 q f ~ e ~ i z  

p r o g r e s s  to improve beef c a t c l e  can be enhancea w e r  the 

. - - - 
c o n v e n t i o n a l  schemes, 1.1 s e l e c ~ i c n  Is Daseci SE 3 c l e â r l y  d e x o e c  

breeding goal. The question thac rernains is: Can an a p p r o p r i a t e  

Dreeding qoai b e  founa for a diverse population? A secor2 

question to be asked is: Are breeders equipped t o  deliver the 

recnnoiogy a t  re la t ively  reasonable COSLS? 



C h a p t e r  4 0: t h i s  t h e s i s  addresseci economic aspects related 

. - .  - :he feaçiji;;cÿ of M 3 i 7  versus A.:.. The pü~sibi.-::y 3f 

a p p l y i n g  M E T  technology as a means of produc inq  m a r k e t  animal5 

- - .  
was examineu and c~mparoc i  tc A. L .  . 3 e l e c c i o n  or. 3 single LLne fzz 

rnaternal+nd terminal t r a i t s  w a s  economicaily rompared to genecic 

gain on specialized sire and Sam X n e s .  Net r e c u r n s  ove r  : ~ a r i â ~ l e  

costs  showed, that i m p l a n t i n g  ernbryos from h i g h l y  stiected l i n e s  

f o r  g r o w t h  t r a i t s  into cows t h a t  were selectea for srnaiier 5oay 

size was economically more viable than implanting embryos from a 

s i n g l e  l i n e  on  r e c i ~ i e n c  cows a l s o  from cha t  s L n g l e  line. 

W i t h i n  a single Line, grûss  margin favoured  breedinq schemes 

wnere selec~ion on roducec zcw x e i g h ~  W G S  emphasLze<. A z ~ a c e r z â l  

t r a i t ,  represented as mature sow weighrr,  ha i t  a major economic 

effect on c h e  j zeea inq schemes s i r n u l x o a  anci sfiocl3 2e icchaed i r  

breeding objectives . 
.-, ~conornis cornparison of  MOET schemes ta cûmmercial A. 1. showed 

cfi-ar Desiies the  qeneric s l q e r i o r i r y  of ~mbryos anu rec l g i en r  zcws 

from specialized and ncn-specialized breeding schemes, zt i r renc 

. . 
embrÿo CosCs are sziil -,SC '?.iqi? -,g 'oe irriplerr?er.-,ez ir- :muiLerz:z- 

beef p r o d u c t i o n .  Embryo costs have to oe reduced t o  be 

economica l ly  feas ib le  for  p r o a ~ c i ~ q  rnarkec animais. 

The findinqs of this t h e s i s  indizated that b r e e d i n g  

o b j e c t i v e s  s n o u l d  focus on selecticn f o r  a specia l izec i  pcrcose. 

T h e  rates of success of MCET and IVEP i n  add i t ion  to the coscs of 



ïhese technologies were a l i r n i t i n g  factor ,  but production costs 

may Se decreosea s h o r r l y  as z e c 5 n o l e q  5s a d v a x i m ,  a x i  i? 15ê 

near f u t u r e  a p r e m i m  prise could be developed by the ïndustry fsr 

. . - .  specialirea nrcne markers  :. rawards, L W ' ' :  . 
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