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ABSTRAST 

A s tudy o f  t h e  inheri t ance and i n t errelat ionsh i ps be t ween wool , 

grow t h  and c ar c as s  t ra i t s  was carri ed o u t  as par t  o f  t he developmen t o f  

a l arge lean whi te- faced s i re breed . Cross-bred p rogeny , f rom three  

s i re b reeds ( Romney , Dors e t , and Border  Le i ces t e r ) m at ed t o  Romney 

ewes , prov i d ed in forma t i on on carcass fa tness and compos i t i on ,  

l i vewe igh t , u l t ra-so n i c  bac k f a t  dep t h ,  f leeceweigh t and obj e c t ive  

m e as u res o f  fleece  charac t e r i s t i cs .  An overall t o tal  �e-tar o f  2 8  

s i res  and 7 6 5  p rogeny were used t o  colle c t  t h i s  informa t i o n .  

The analys i s  o f  hal f -s i b  reco rds was carr i ed ou t under an 

as sump t i on of pos i t i ve ass o r t ive ma t i ng on u l t ra-s on i c  backfa t  dep t h . 

I t  was cons i dered t h a t  any b i as ,  rela t i ve t o  random ma t ing ,  was m in imal 

due to incomple t e  as sor tmen t , dom i nance , ep i s t as i s  and crossbree d i ng 

i n f luences . I t  was assumed t h a t  t he progeny wer e  only hal f - s ibs  i n  

r e la t i on t o  breed , and thus t he be tween-breed componen t only es t ima t ed 

one-quarter  o f  the  b e t ween-breed var i ance . Fur t he r , t he s i re s  we re 

n e s t ed wi t h i n  t he i r  respe c t i ve breeds . The d ata correc ted  f o r  the  

s i gn i f i can t non-gene t i c  e f f e c t s  before  the var i ance and cov ari ance 

compo nen ts  were e s t i ma t ed . 

I n  gener al , t he es t imat e s  o f  the  Vi t hin-breed h e r i t ab i l i ty f o r  t he 

woo l  and growt h  t rai t s  r anged f rom 0.1 t o  0.6 and were s i mi l ar t o  

l i t e r ature v alues . The c ar c as s  es t im ates were higher t h an l i t erature 

v alues  in mos t  c ases . The i ncorpo r at i on of  t he between-breed compone n t  

res u l t ed in  the  be tween-breed heri t ab i l i t y  being l arger i n  m agni t ud e .  
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T h i s  ¥as may o f  been due t o  non-add i t ive gene t i c  e f fec t s , such as  

h e t eros i s , i n  t h e  be tween-breed componen t .  The ra t i o  o f  t h e  

b e t ween-breed gene t i c  vari ance  t o  the t o t a l  gene t i c  v a r i ance  i nd i c a t ed 

t ha t  t here was l a rge be tween-b reed vari a t ion  i n  l i vewe igh t and wool  

t ra i t s  and  s mall var i a t ion  in  the carcass  t rai t s .  

The t o t a l  gene t i c  and t o t al pheno t y p i c  correla t i on s  presen ted  here 

s ugges t that selec t i on for  lean  grow t h  and wool p roduc t i on can be 

accompl i shed by the j oi n t  selec t i on of l i vewe ig h t  and greasy 

fleeceweigh t .  Expec ted corre l a ted responses in  the o t her  t ra i t s  would 

i nclude: a ) increase l ivewe i gh t  and f leeceweigh t at  a l l  ages , i ncrease 

u l t ra-son i c  fa t dep t h ,  GR measuremen t ,  lean con t en t ,  c lean 

f leecewe igh t ,  s t aple leng t h , mean fi bre d i ameter , c lean s coured y i e l d , 

and b ) decrease t he carcass C measuremen t ,  decrease bone and f a t  

con t en t s ,  and loose  woo l  bul k . 

Sele c t i on aga ins t ul t ra-son i c  backf a t  dep t h  wou l d  resu l t  i n  leaner 

a n i m a l s  at a cons tan t we igh t . Bu t the moderately pos i t i ve correl a t i ons 

w i t h  l ivewe ight  and fleecewe i gh t  would appear t o  nega t e  the asso c i a ted  

advan t age of  a reduc t i on i n  c a r cass fatness . 
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I NTRODUCTION 
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Al th ough Cap ta i n  Cook unsuccessfully  i n t roduced a p ai r  o f  

Mer ino  sheep i n  1 7 7 2, i t  was ano ther cen t u ry la ter before sheep were  

per manen t ly es t ab l i shed New Zeal and ( M i ller , 1950 ) . I n i t i al ly, w o o l  

was t he main  sheep produ c t  tha t was expo r t ed, un t i l  t he devel o pmen t o f  

r e f r i ge r a t ed shi p p i ng i n  t he 1880 ' s  ( M i ller, 1950 ) . The e f f e c t  o n  t h e  

New Zeal and sheep i ndus t ry was the deve l o pmen t o f  the  presen t day 

two - t i e r  s t ru c t ure: On the h i l l  country and poorer lands, t h e  

dua l - pu r pose breeds ( such as t h e  Romney ) a r e  farmed mainly f o r  woo l  

produ c t i on, wi th  some meat  produc t i on mainly f rom the cul l male l ambs . 

On  the  more  produc t i v e  lands, cu l l  ewes are o ften crossed wi t h  t er m i n a l  

mea t si r e  breeds ( such as the Southdown ) t o  produce f i rs t  c ross lambs 

for mea t produc t i on .  This type of s t ruc t ure has t he i m po r t an t  

c onsequences of 1 )  breed c omplementari ly, 2 )  cost spead i ng, 3 )  

spe c i al i sed paren t a l  breed i mp rovement , 4 )  he terosis i n  t h e  l amb  

p rogeny ( Clarke, 1 9 8 2 ) .  

The sheep b reed ing objec t i ves f o r  t his s t ru c t ure have 

generally been based on a marke t pr i ce sys t em where the we i gh t  of t h e  

p ro d uc t  have a maj o r  i n f luence . The i n t r oduc t i on o f  o bj e c t i ve 

measureme n t  may prov i de p r i ce d i f f eren t ials w i thin  cer t a i n  measu remen t s  

t h a t  are  economi cal ly advan tageous . I t  is t h erefore necessary t o  have 

an und e rs t andi ng o f  t he inhe r i t ance and i n terrela t i onshi ps be tween 

t hese measurement s  in order t o  develop fu t ure breedi ng plans . 
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An i mpor t an t  aspec t o f  fu ture sheep breed i ng p lans i s  t he 

po t en t i a l  breed i ng obj e c t i ve o f  dual meat  and wool produ c t i on. T h e r e  

are ex t remely f ew repor t s  of  t h i s  dual-produc t i on, yet  t here  have b e e n  

repo r ts that  have c ompared s i re breeds on t he bas i s  o f  mea t and w o o l  

p r oduc t i on . T h e  presen t b reeds avai lable i n  NZ show a w i de range o f  

p e r f o rmance , bu t when mea t and wool produ c t i on are combi ned , t h i s  

var i a t i on i s  grea t ly reduced ( Clarke and Meye r , 1 9 8 2 ) .  T h i s  var i a t i on 

i s  fur t he r  reduced when the body we igh t  d i f ferences are taken i n t o  

accoun t ( Clarke and Meyer , 198 2 ) . From exper imen tal resul t s ,  i t  i s  

apparen t that  f i rs t -c ross i n d i v i d uals would o f fer  economi c advan t ages,  

t h ough h e t e ros i s , ( C l arke and Meyer ,  1982 ; Clarke e t  al, 198 2 ) , bu t 

would r e qu i re t he i n fe r i o r  purebreds to main tain t he sys t em .  One 

pos s i bl e  s o lu t i on is  to  develop syn t he t i c  b reeds that woul d  r e t a i n  some 

super i o r i ty over the  purebreds . 

Thi s  s tudy provides i n format i on on the i nhe r i tance and 

i n t er - r e la tionsh i ps of l i vewe i gh t, f leecewe i gh t ,  obj ec t ive  measuremen t 

wool  qual i ty charac t er i s t i cs , carcass d imension and q u a l i ty 

charac t er i s t i cs and the  ul t ra-son i c  measuremen t of  back fatness  i n  a 

c r oss-bred  popula t i on .  



CHAPTER HTO 

LITERATURE REVI E� 

2 . 1  �OOL PRODUCTION 

page 3 

Sheep breeds can be c l as s i f i f i ed i n t o  t hree broad s e l e c t i on 

g roups based on t h e  type o f  wool  produced : the f ine wool apparel l  

b reeds , eg the Mer i no ; the gene ral purpose woo l  breeds , eg the  Romney ; 

and the s pe c i al i ty c a r p e t  wool b r eeds , eg the  D rysdale ( NZSAP , 1 9 7 4 ) .  

Each o f  t hese groups will  have par ticu lar  breeding obje c t i ves and 

a s s o c i a t e d  sele c t i on c r i ter i a .  Of  par t i cular impo r t ance  in the New 

Zealand woo l indus t ry is the general  pu rpose b reeds, ma i nly t he Romney 

and i t ' s  c rosses , whos e  wool is i d en t i f i ed as the 'Romcross ' woo l s . 

The Romcross  wool h a s  been d e s c r i bed by E l l i o t t  ( 1985 ) as typ i ca l ly 

having a f i bre d i ame t e r  in  the  range o f  33  to  3 7  m i crons , b e i ng 

e s s en tial ly free f r om medu l l a t i on ,  kemp and pigmen t ed f i bres , have a 

wh i te and br igh t  c o l ou r , and t ends to  show some lus t re .  I n  add i t i on , 

t h i s  wool has a repu t a t i on o f  h igh process i ng e f f i c i ency and i n  b lends  

to  improve yarn s t reng t h  due t o  good  f i bre leng th and good  s oundness  

( E l l i o t t , 1 9 85 ) . 

Many s tud i e s  ( eg NZSAP , 1974 ; Clarke and Rae , 1 9 7 6  and 1 9 7 7 ; 

Rae , 1 98 2 ; Mor ris e t  al , 1982 ; McPherson , 1982 ; � i ckham and 

McPherso n , 1985 ) have highl i gh t ed t he i mpor tance o f  i n creas i ng 

f leecewe ight  as a b r e e d ing obj ec t ive , and usi ng greasy f l e e cewei gh t  as 

an selec t ion c r i t e r i on. �h i le t here are d i f ferences a t t r i bu ted  t o  

b i r t h  rank , sex and age a t  measu rement ( Table  2 . 1 ) ,  the  popula t io n  
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es t imat es o f  the heri t ab i l i ty o f  f leeceweigh t  ( T able 2.2 )  are generally 

a round 0 . 3  t o  0 . 4 .  T hese es t i ma t es ind i ca t e  t hat  f leecewe igh t  would  

r espond favourably t o  sele c t i on .  However wh i le the exper imen t a l  

resul ts o f  selec t i on experi ments t end to  con f i rm this , t h e  es t ima tes o f  

t h e  real ised her i t ab i l i ty o f  fleeceweigh t  a r e  often sl i gh t ly smaller  

t han i n  t h e  base popula t i on ( McGu i rk e t  al , 1986 ) . I t  has been 

sugges t ed that  i n  t hese exper i m en ts, the sel e c t i on d i f fe ren t i al has 

been overes t ima t ed ( Bl a i r ,  1986 ; James , 1986 ) . 

McPherson ( 1 9 8 2 ) and Yi ckham and McPhe rson ( 1 985 ) have 

reviewed t he impor tance of wool qual i ty t ra i t s  in po ten t i a l  breed i ng 

obj ec t i ves and as selec t i on c r i t e r i a  in  the New Zealand Romney . I t  was 

conc luded that  on the b asis on the avai lable i nformat i on , t here was no 

need to selec t for  any wool qual i ty t rai ts. However t h is may change 

under t he i n t roduc t i on of the 'sal e  by descr i p t i on' sys t e m  based on 

obj ec t ive measuremen t ( S i mpson , 1986 ) .  The main obj ec t i ve measu res 

t h a t  are under  considera t i on fo r t he New Zealand sys tem a re : - y i e ld , 

s t aple  and f i b re leng t h ,  clean scoured colour, fibre d i ame t er , s t a p l e  

s t reng t h , loose w o o l  bulk ( E l l i o t t ,  1986 ) . T h e  i nclusion o f  these and 

o t her measures in  b reed ing plans w i l l  depend on t he clear p r i ce 

d i fferen t i als wi t h i n  each of  the measures ( S t an t on , 1 9 8 7 ) . 



Tab l e  2 . 1 :  E s t i ma tes o f  t he E f fec t s  o f  B i r t h  Rank and 

Regres s i on on Age f o r  F leecewe i gh t  in the  

New Zealand Romney . 

Trai t 1 B i r th rank2 Regres s i on Reference 

( s- t )  on age 

l fw t  0. 2 7  0 . 02 H i gh t  and Jury ( 19 7 1 )  

l fw t  0. 26  -0 . 10 Tai t (1983 ) 

hfwt 0 . 66 0. 02  Lund i e  ( 1 9 7 1 )  

hfwt  0 . 1 4 0 . 02 H igh t and Jury ( 197 1 )  

hfwt 0 . 10 0 . 0 1 Baker et al ( 1 9 7 4) 

hfwt  0 . 02 -0 . 0 1 Ta i t  ( 1 98 3 )  

l)l f w t =lamb f l eecewe i gh t ; hfw t=hogg e t  greasy f l e ecewe i gh t , 

2)s = s i ngle ; t = twi n . 
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Tab le 2 . 2 : Es t i ma t es o f  Her i tab i l i ty o f  Fleecewe i gh t  

and Wool Qual i ty Trai ts i n  the NZ Romney 

a ) Hogge t Fleecewe i gh t  

Es t ima t e  Reference 

0 . 32 Rae ( 1 958 ) 

0 . 2 3 Lund i e  ( 1 97 1 )  

0 .  2 9  Baker e t  al ( 1 9 7 4 )  

0 . 5 7 Bake r e t  al ( 1 9 7 4 ) 

0 . 38-0 . 6 1 Chopra ( 1 9 7 8 )  

0 . 3  Tai t ( 1 9 8 3 )  

o.  7 4  McEwan et al ( 1 984 ) 

0 . 25-0 . 56 Newman ( 1 9 8 8 )  

b ) C lean Fleeceweigh t 

Es t im a t e  Re ference 

0 . 23-0 . 36 Blai r ( 1 981 ) 

0 . 2 9 -0 . 53 Newman ( 1 988 ) 

c )  S t aple  leng t h  

Es t i ma te  Re ference 

0 . 48 Rae ( 1 9 5 8 )  

0 . 5 4-0 . 63 Chopra ( 1 978 ) 

0 . 09-0 . 33 Blai r ( 198 1 )  

0 . 37 Tai t ( 1 983 ) 

0.34 -0 . 57 Newman ( 19 8 8 )  

(cont . )  
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Tab l e  2 . 2  ( Co n t . )  

d ) Me an F i bre D i ameter  

Es t ima t e  Reference 

0.34-0.87 Chop ra ( 1978 ) 

0.2 1-0 . 64 Bla i r  ( 1 9 8 1 ) 

0 . 2 6-0 . 62 Nevman ( 1 988 ) 

e ) Y i eld  

Es t ima t e  Re ference 

0.1 9 - 0 . 53 Chop r a  ( 1 978 ) 

0 . 04-0 . 40 B l a i r  ( 1 981 ) 

0 . 1 9-0 . 34 Nevman ( 1 988 ) 

f ) Tr is t i mulus Y-Z value ( COLOUR ) 

Es t i ma t e  Re ference 

0 . 1 3 B i g  ham e t  a l  

g )  Loose \Joo l  Bulk  

Es t i ma t e  Re ference 

0 . 4 1  B i gham e t  al 

0 . 50 Sumner  et  al  

( 1 98 3 )  

( 1 98 3 )  

( 1 989 ) 
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T a b l e  2 . 3 :  The Gene t i c  ( g )  and Phenotyp i c  ( p )  Correla t i ons 

o f  Fleecewe i gh t  and �ool  Qual i ty Tra i ts in the  

NZ Romney 

a ) Th e  Resul ts o f  B i gham e t  a l  ( 1983 ) 

Tra i t s1 g f w t  bulk co lour 

g p g p g p 

c f w t  0 . 95 0 . 9 1 -0 . 2 3 -0 . 23 0 . 30 0 . 22 

y i e ld -0 . 25 - 0 . 09 -0 . 83 -0 . 4 9 -0 . 55 -0 . 0 1 

s t le n  0 . 32 0 . 29 -0.67  - 0 . 50 0 . 3 6 0 . 1 7 

m f d  0 . 55 0 . 4 1  -0 . 1 3 0 . 01 0 . 5 3 0 . 14 

bul k  -0 . 06 - 0 . 03 -0 . 04 -0 . 1 1 

co l our 0 . 49 0 . 23 

b ) O t her Exper i men tal Resu l t s  

Tra i t s  g p 

l f w t  h fw t  0 . 59 0 . 3 2 Tai t (198 3 )  

s t len 0 . 35 0 . 08 T a i t ( 1 983 ) 

h f w t c fw t  1 .  0 0  0 . 94 B la i r ( 1 981 ) 

c fw t  0 . 97 Newman ( 1988 ) 

y i eld 0 . 14 Chopra ( 1 9 7 8 )  

y ield 0 . 36 0 . 1 3 B la i r ( 1 981 ) 

y i eld 0 . 48 Newman ( 1 988 ) 

s tlen 0 . 58 Chopra ( 19 7 8 )  

s t len 0 . 58 0 . 49 B la i r ( 19 8 1 )  

s t len 0 . 74 0 . 37 T a i t ( 1 9 8 3 )  

s t len o. 78 Newman ( 1988 ) 

( co n t. ) 
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Tabl e  2 . 3  ( Con t . )  

m fd 0 . 8 1 

mfd  0.8 2  

mfd  0. 7 1  

c f w t s t len 0 . 85 

s t len 0 . 70 

y i eld 0 . 42 

y i eld 0 . 65 

m fd 0 . 82 

mfd  0 . 94 

y i e l d  mfd 0 . 3 3 

mfd 0 . 27 

mfd 0 . 45 

s t len 0 . 03 

s t len 

s t len 0 . 46 

s t len  mfd  0 . 41 

mfd 0 . 7 9 

mfd 0 . 46 

0 . 50 

0 . 53 

0 . 45 

0 . 52 

0 . 2 1 

0 . 29  

0 . 3 7 

Chop r a  ( 1 9 7 8 )  

B la i r  ( 1 9 8 1 ) 

Newman ( 1 988 ) 

B la i r  ( 1 9 8 1 ) 

Newman ( 1 988 ) 

B la i r  ( 1 981 ) 

Newman ( 1 988 ) 

B la i r  ( 1 9 8 1 ) 

Newman ( 1 988 ) 

Chopra  ( 1 9 7 8 )  

B la i r  ( 1 98 1 )  

Newman ( 1 988 ) 

Cho p ra ( 1 9 7 8 )  

B la i r ( 1 9 8 1 ) 

Ne\vman ( 1 988 ) 

Chop ra ( 1 9 7 8 )  

B la i r  ( 1 98 1 )  

Newman ( 1 988 ) 
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1 ) g f w t =hogge t greasy fleecew e i gh t , c fw t =hogge t c l ean f leecewe igh t  

y i e l d =clean s co u r ed y i eld , s t len= s t aple  length  

m f d =  mean f i br e  d i ame t e r ,  bulk= loose  wool  bulk 

c o l ou r= c lean wool colour ( T r i ms t imulus Y-Z value ) 
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There are  two  woo l  q ual i ty t rai t s ,  clean colour  o f  wool  and 

l o o s e  wool bulk , that  may be  of  future  i mpo r t ance to the woo l  indus t ry 

and h ence , t he i r  evalula t i on in  breed ing obj e c t ives for wool 

produc t i on . S i n ce the t r i s t i mulus values for  s coured wool represen t 

t h e  bes t colour o f  a l o t  o f  wool , any dye i ng o r  o t he r  chem i cal 

t r ea t men t s  ( w i t h  the  exce p t i on o f  bleaching ) would lead t o  lower 

t r i s t i mulus values ( E l l i o t t ,  1 98 6 ) . Thi s  means that  unless  t he wool  i s  

b l e a ched , t hen t he t r i s t imu lu s  values cann o t  b e  increased above t he i r  

'ba s e '  colour , and wh i ch c ould present  d i f f i cul t i es t o  cer t a i n  dye 

c o l o u r s , such as pas t e l  shades ( El l i o t t , 1 9 8 6 ) .  However ,  w i t h  the 

i n t roduc t ion of  obj e c t ive measu remen t f o r  yellowness ,  i t  is  necessary 

to b e  able t o  d e t e rmine whe t h e r  o r  not  the cause i s  gene t i c ,  and 

t h e re fore  s e l e c table . The present measuremen t sys tem , and also  

e n v i r onmen tal  i n f luences , involve the degrading e f f e c t s  o f  we t 

p r o c e s ses invol v i ng hea t , such as s t eaming and overdry i ng . These 

r e s u l t in  an i n c rease in ye l lowness and have generally been apprec i a t ed 

by t he indus t ry ( El l i o t t ,  1 986 ) . In add i t i on , there i s  an apparen t ly 

w i d e  gene t i c  var i a t i on i n  t h e  susce p t ab l i ty 

d i s co loura t i on . Y i lkinson and Ai t ken ( 1 985 ) 

o f  f leeces 

repor t ed that  

t o  

the  

r e s i s t an t  f leeces  des igna ted  by  a pred i c t ive t es t ,  were always lower in  

f l ee c e  yellowness t han t h e  suscep table  f leeces unde r  d i f fe r en t 

cond i t i ons used t o  promo t e  d i s coloura t i on . 

The p r ac t i cal  impo r t ance of  the bulkness o f  wool has been 

d i s cussed f o r  many years ( Si mpson , 1 9 86 ) , and has been asso c i a t ed w i t h  

many des i rable prope r t ies  i n  t h e  final p rodu c t  ( El l i o t t ,  1 9 8 6 ) .  

E ll i o t t  ( 1984 )  repo r t ed t h a t p r i ce prem i ums f o r  subj e c t i vely a s s e s s ed 

bulk  i n  Perendale wools  was n o t  large nor  cons i s t en t . I t  was sugges t ed 
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t h at t h e r e  was t h e  pos s i b i l ity o f  spec i al i s t  l i nes t o  t ake advan t age o f  

any p r i ce premiums that may o ccasi onal ly occur . �hi l e  the r e  i s  l i ttle 

i n f ormat i on on bulk , B i nn i e  and E l l i ot t  ( 1986 ) concluded that  bulk 

would respond rapi d ly to d i rect select i on , par t i cularly i f  the r e  is a 

maj o r  gene present as indi cated by B igham e t  a l  ( 1 985 ) . But the  

r e su lts  of  Sumn e r  et  al ( 1 989 ) could  not con f i rm thi s  maj o r  gene 

hypoth es i s . 

The l i m i t ed evidence avai lable on inher itance o f  the var i ous 

obj e ct i ve measurements of  the woo l characte r i st i cs ( Table  2 . 2 ) suggest 

tha t  these are a t  least moderately her itable and respond to selecti on 

i n  a s imi lar manner to fleecewe ight ( Dav i s  and McGu i rk ,  1 98 7 ) .  Th i s  

maybe o f fset by d e s i rab le correlat i ons observed between fleecewe i ght 

and c e rtain obj e c t ive measure s . B i gham et al ( 1983 ) reported that the 

c o r r e l ati ons obtai ned ( Table 2 . 3 ) i n d i cated that s elect i on f o r  

i n c reased fleecew e i ght in t h e  Romney, would result i n  the correlated 

i n cr e a s es of staple length , y i eld , mean f i bre d i amete r , colour 

y e l l owness , and a correlated decrease i n  loose woo l  bulk. In  

exp e r i men t a l  resu lts for i n creased f leeceweight , the real i sed 

r el at i onshi p s  have generally agreed with the expecta t i ons , though the 

a c t u a l  magni tude has var i ed ( Turner et a l , 1 9 7 0 ; 

Davi s  and McGu i r k ,  1987 ) .  

Mor t i me r , 1 9 8 7 ; 



2 . 2  GROYTH AND MEAT PRODUCTI ON 

2 . 2 . 1  Growth and t h e  Carcass 
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The inc rease i n  l i vewe ight  o f  a n  animal f o l l ows a d i s t i n c t  

pa t t e r n  f rom the earlies t emb ryon i c  s t age to  a gene t i cally de t ermi ned 

ma t u r e  s ize ( Taylo r , 1982 ) .  T h i s  is  ind i ca t ed by the es t i ma t es o f  

her i t ab i l i ty of  l i vewe igh t  ( Table  2 . 4 ) , and also the h igh c o r r e l a t i ons 

be tween l i veweigh t a t  d i f ferent  ages ( Table 2 . 5 ) .  The maj or i ty o f  

heri t ab i l i ty es t i ma tes for  early li vewe i ght  are low  and are  usually 

a t t r i bu t ed t o  the impo r t ance of  ma ternal e f fec t s , es pe c i ally i n  m i l k  

produ c t i on ,  and t o  compe t i t i o n  be tween l i t t e rma tes  ( Baker e t  al , 1 979 ) . 

The e s t i ma t es generally increase as t he animal grows older , s i nce 

pe r f o r mance becomes mo re depend ent on the geno type and less dependant 

on the  ma t e rnal envi ronmen t .  The e f fe c t  of  the ma ternal env i ronmen t i s  

also  e v i dent  i n  the es t i ma t es o f  the e f fe c t s  o f  b i r t h  rank and age a t  

measu remen t i n  l i vewe igh t ( Ta b l e  2 . 6 ) .  

There is  l i mi ted evi dence on the i nheri t ance and 

i n t e r r e la t i onshi ps  of the carcass dimens i ons and t i ssue s . In  general , 

the e s t i ma t es o f  her i tab i l i ty ( Table 2 . 7 ) for  measures o f  carcass  

di men s i ons and c a rcass t is s u e s  are low t o  modera te, and low es t i ma t e s  

f o r  t h e  carcass q ual i ty trai t s  ( Bo tkin e t  a l , 1969 ; Yo l f  e t  a l , 198 1 ) . 

The c o rrelat ions in  Table 2 . 8  repo r t ed by Wolf  e t  al ( 1 981 ) and Parra t t 

e t  a l  ( 1987a)  probably re flec t t h e  grow t h  o f  t h e  body a s  a who l e , and 

the r e l a t i ve grow th of  the fa t ,  lean and bone t is sues t o  s laugh t e r . 



Table  2 . 4 : Heri tabi l i ty Es t i ma tes o f  Liveweigh t and 

U l t ra-soni c  Backf a t  Dep t h  at Di f ferent  

Ages in  the  Romney o r  Romney Der ived Breeds 

T i me Es t i ma t e  Ref e rence 

\olean i ng 0 . 30 Ch ' ang and Rae ( 1 9 7 0 )  

0 . 35 Lun d i e  ( 1 9 7 1 )  

0 . 1 8 Baker  et al  ( 1 9 7 4 )  

0 . 0 2  Baker et  al  ( 19 7 4 )  

0 . 1 3 Baker e t  al  1 9 7 9 )  

0 . 1 0 Baker e t  al 1 9 7 9 )  

0 . 1 0 Tai t ( 1 983 ) 

0 . 1 5 M cEwan et al ( 1 984 ) 

0 . 04-0 . 22 Newman ( 1 988 ) 

Febua ry 0 . 2 2 Baker e t  al  ( 1 9 7 4 )  

0 . 2 7 Baker e t  al ( 1 9 7 9 )  

M a r c h  0 . 34 M cEwan e t  al  ( 1 984 ) 

A p i r l  0 . 2 6 Baker et al  ( 1 9 7 9 ) 

May 0 . 46 Baker et al ( 1 9 7 9 )  

July 0 . 38 Baker e t  al ( 1 9 7 9 )  

O c t o b e r  0 . 2 9 Baker e t  al  ( 1 9 7 9 ) 

November 0 . 5 1 Ch ' ang and Rae ( 1 9 7 0 )  

0 . 2 2 Baker  e t  al ( 19 7 4 )  

0 . 2 1- 0 . 72 Chopra ( 19 7 8 )  

0 . 1 5 Tai t ( 1983 ) 

0 . 49 McEwan et a l  ( 1 984 ) 

0 . 05-0 . 46 Newman ( 1988 ) 

( co n t . )  
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Tabl e  2 . 4  ( Con t . )  

U l t r a-son i c  Backfa t  

T i me Es t i ma t e  

A p r i l  0 . 1 7 

July 0 . 34 

O c t ober  0 . 1 6 

May 0 . 23 

November 0 . 45 

I nd ex p 0 . 28 

I ndex  G 0 . 24 

Dep t h  

Reference 

Beat son ( 198 7 )  

Beat  son ( 1987 ) 

Beat son ( 1 987 ) 

McEwan e t  al  ( 1 984 ) 

McEwan e t  al  ( 1 984 ) 

McEwan e t  al  ( 1 984 ) 

McEwan e t  al  ( 1 984 ) 
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Table  2 . 5 : Es t i ma t es o f  Gene t i c  ( g )  and Phen o t y p i c  ( p ) 

Correl a t i ons Be tween Livewei g h t  Trai ts i n  

t he NZ Romney 

T ra i t 1 Corre l a t i on Reference 

g p 

ww t Feb 0 . 78 0 . 69 Baker e t  al  ( 1 9 7 9 ) 

Apr  0 . 80 0 . 80 Tai t ( 1 98 3 )  

Jun 0 . 38 0 . 68 Tai t  ( 1 98 3 )  

Jul  0 . 74 0 . 57 Baker e t  al ( 1 9 7 9 )  

Jug 0 . 49 0 .  7 1  Tai t ( 19 8 3 )  

Oc t 0 .  7 7  0 . 49 Baker e t  al ( 1 9 7 9 )  

Nov 0 . 74 0 . 52 Bla i r  ( 1 9 8 1 ) 

Nov 0 . 45 0 . 57 Tai t ( 198 3 )  

Feb Jul 0 . 87 0 .  7 2  Baker e t  al  ( 1 9 7 9 )  

Oc t 0 . 8 7 0 . 60 Bake r e t  al ( 197 9 )  

Apr Jun 0 . 86 0.8 3 Tai t ( 19 8 3 )  

Aug 0 . 9 1 0 . 85 Ta i t  ( 19 8 3 )  

Nov 0 . 84 0 . 68 Tai t ( 1 98 3 )  

Jun Aug 0 . 97 0 . 86 Tai t ( 1 9 8 3 )  

Nov 0 . 84 0 . 69 Tai t ( 1 9 8 3 ) 

Jul  Oc t 0 . 97 0 . 8 3 Baker e t  al  ( 1 9 7 9 )  

Aug Nov 0 . 84 0 .  7 4  Tai t ( 19 8 3 ) 

l ) ww t=we a n i ng weigh t ;  Feb=Febuary weigh t ; 

Apr=A pr i l  w e i gh t ; Jun=June wei gh t ; 

Jul=July weigh t ; Aug=Auges t we i gh t ; 

O c t=Oc t ober weigh t ;  Nov=November weigh t . 
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Table 2 . 6 :  Some Es t imat e s  o f  Nongene t i c  

Effec t s  f o r  the  NZ Romney 

a )'Weani ng 'Weigh t  

B i r th Rank1 Sex2 Reg . 3 

4 . 20 0 . 1 6 

Referenc e  

'Wewala ( 1984 ) 

3 . 7 -4 . 7  1 .  6-22 . 9 0 . 1 2 -0 . 2 1 Jury e t  al ( 1 9 7 9 ) 

4 . 23-4 . 63 2 . 1 9-2 . 98 0 . 1 7 -0 . 28 

3 .  7 7  1 . 54 0 . 1 6 

4 . 2  1 . 9  0 . 1 2 

3 . 45 1 . 68" 0 . 2 7 

3 . 59 1 .  68 -0.21 - - 0 . 12 
9 .  7 2  0 . 37 

Ch ' ang 

Newman 

Baker 

H i gh t  

and Rae ( 1 9 6 1 ) 

e t  al ( 19 8 3 )  

e t  a l  ( 1 9 7 4 )  

and Jury ( 1 9 7 1 )  

Tai t ( 1 98 3 )  

Lund i e  ( 197 1 )  

b ) L i vewe i g h t  a t  d i f fe r e n t mon ths 

Mon t h  B i r th rank1 Reg . 3 Re f erence 

Febuary 3 . 10 0 . 1 3 Baker e t  a l  

Apr i l  2 . 24 -0 . 1 3 Tai  t ( 1 983 )  

June 1 .  75 -0 . 1 3 Tai t ( 1 98 3 )  

July 2 . 10 0 . 0 1  Baker e t  a l  

Augus t 1 .  7 4  -0 . 1 2 Tai t ( 1 983 )  

November 1 . 05 -0 . 10 Tai  t ( 198 3 )  

November 2.10 0 . 01 Baker e t  a l  

1 ) S i ngle- t wi n ;  

2 ) Ram-ewe , expec t  f o r  · where we t her-ewe 

3 ) Regres i on on age . 

( 1 9 7 4 )  

( 1 9 7 4 )  

( 19 7 4 )  
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Table 2 . 7 :  Some E s t ima t es o f  Her i t ab i l i ty 

of  Carcass T r a i t s  

Carcass  'Wei gh t 0 . 02 

0 . 1 1 

0 . 33 

0 . 1 1 

0 . 03 

0 . 24 

Car c a s s  leng t h  0 . 50 

0 . 45 

0 . 3 1 

0 . 45 

0 . 59 

0 .  79 

0 . 34 

T i s s u e  GR 0 . 1 9 

Carcass  C 0 . 40 

0 . 3 1 

0 . 34 

0 . 14 

0 . 26 

0 . 32 

0 . 23 

0 . 51 

0 . 37 

0 . 2 1 

0 . 31 
( con t . )  

Bowman e t  al ( 1 968 ) 

Bowman and Hendy ( 1 972 ) 

Bo t k i n  e t  al  ( 1 9 6 9 )  

Tho r s t e i nsson and Bj orns s en 

Mohamed ( 1 9 7 6 )  

Parra t t  e t  al  ( 1 9 8 7 a )  

Bo t k i n  e t  a l  ( 1 9 6 9 )  

Boui x  e t  a l  ( 198 2 )  

Bou i x  e t  al ( 1 98 2 )  

Boui x  e t  a l  ( 1 98 2 )  

Tho r s t e i nsson and Bjornssen 

Co t t e rill and Robe r t s  

Mohamed 

Parra t t  

( 1 9 7 6 )  

e t  al  ( 1 98 7 a )  

( 1 9 7 6 )  

Bowman and Hendy ( 1 972 ) 

Bou i x  e t  al ( 1 98 2 )  

Bou i x  e t  al ( 1 98 2 )  

Bou i x  e t  al ( 1 98 2 )  

Brad f o r d  and Surlock ( 1 9 7 2 ) 

Thors te insson and Bjornssen 

Parra t t  e t  al  ( 19 8 7 a )  

Bo t k i n  e t  al  ( 1 969 ) 

Co t t e r i l l  and Robe r t s  ( 19 7 6 )  

'Wol f  e t  a l  ( 1 98 1 )  

Mohamed ( 1 9 7 6 )  
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( 19 8 2 ) 

( 1 9 8 2 ) 

( 19 8 2 ) 



Tabl e  2 . 7  ( Con t . )  

T o t a l  T i ssue �eigh t :  

Lean 

Bone 

To t al Fat  

Subcu t aneous fat  

I n te rmus cu l a r  f a t  

P e rcen tage T i ssue : 

Fa t 

Bone 

Lean 

0 . 3 9 Bo tkin  e t  al  ( 1969 ) 

0 . 3 1 Par ra t t  e t  al ( 1 9 8 7 a )  

0 . 28 Bo t k i n  e t  al  ( 1969 ) 

0 . 27 Parra t t e t  al ( 1 987 a )  

0 . 44 Bo tkin  e t  al ( 1 969 ) 

0 . 37 �ol f  e t  al  ( 1 98 1 )  

0 . 25 Parra t t  e t  al ( 1 98 7 a )  

0 . 3 6 �ol f e t  a l  ( 1 981 ) 

0 . 3 7 �ol f  e t  a l  ( 1 981 ) 

0 . 54 

0 . 54 

0 . 36 

0 . 1 7 

0 . 2 3 

0 . 1 6 

0 . 25 

0 . 64 

0 . 40 

0 . 4 1 

0 . 55 

0 . 1 7 

Bo tkin  e t  al ( 1 969 ) 

John son et al ( 1 968 ) 

Parra t t  e t  al  ( 1 987 a )  

Munson ( 1 966 ) 

Bo t k i n  e t  al ( 1969 ) 

Uo l f  e t  a l  ( 1 98 1 )  

Parra t t  e t  al ( 1 98 7 a )  

Munson ( 1 96 6 )  

Bo t kin  et  al ( 19 6 9 ) 

Uol f  e t  a l  ( 1 9 8 1 ) 

Parra t t  e t  al ( 19 8 7 a )  

Munson ( 1 9 6 6 )  
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Tabl e  2 . 8 : Th e  Es t i mates  o f  Gene t i c  and Pheno typi c 

Correlat i on s 1 Parra t t  e t  al ( 1 987a) , 

and , Vol f  e t  al ( 1 981 ) .  

a ) Parra t t  e t  al  ( 1987a) 

T rai t 2 s lw hew gr c ufd  t l  t f  t b  

slw  0 . 96 0 . 65 0 . 39 0 . 3 7 0 . 88 0 . 7 9 0 . 69 

hew 0 . 96 o. 7 0  0 . 4 1 0 . 40 0 . 9 1 0 . 84 0 . 69 

g r  0 . 53 0 . 60 0 . 54 0 . 42 0 . 55 0 . 7 9 0 . 2 9 

c 0 . 47 0 . 45 0 . 7 5 0 . 55 0 . 30 0 . 5 3 0 . 18 

ufd  0 . 59 0 . 53 0 . 52 1 . 1 2 0 . 33 0 . 45 0 . 24 

t l  0 . 8 1 0 . 87 0 . 29 0 . 2 0 0 . 35 0 . 69 0 . 46 

t f  0 .  7 1  0 . 68 0 .  7 3  0 . 83 0 . 65 0 . 30 0 . 47 

t b  0 . 8 3 0 .  7 5  0 . 06 0 . 1 7 0 . 1 4 0 . 7 5 0 . 28 

p c l  -0 . 1 4 - 0 . 07 -0 . 42 -0 . 58 -0 . 26 0 . 3 9 -0 . 7 4 0 . 09 

p c f  0 . 7 1 0 . 26 0 . 57 0 . 8 1 0 . 52 -0 . 1 6 0 . 88 -0 . 1 6 

p c b  -0 . 26 - 0 . 4 1 -0 . 7 1 - 0 . 53 -0 . 57 -0 . 2 7 -0 . 66 0 . 26 

pcl  p c f  

-0 . 3 1 0 . 49 

-0 . 34 0 . 54 

-0 . 5 1 0 . 69 

-0 . 41 0 . 50 

-0 . 30 0 . 39 

-0 . 03 0 . 3 7 

-0 . 62 0 . 9 1 

-0 . 20 0 . 1 9 

-0 . 7 1 

-0 . 93 

0 . 27 -0 . 61 
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pcb 

-0 . 5 1 

-0 . 58 

-0 . 68 

-0 . 40 

-0 . 3 1 

-0 . 4 6 

-0 . 70 

-0 . 1 3 

0 . 29 

-0 . 64 
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Table 2 . 8  ( Con t . )  

b )  Vlol f  e t  al  ( 198 1 )  

T rai t3 p c l  pcb  p t f  p s f  p i f  c 

pl  

pb  

p t f  

ps f 

p i f  

c 

1 )  

2 )  

c 

0 . 67 -0 . 98 -0 . 98 -0.75 -0 . 80 

0 . 4 1 -0 . 82 -0 . 3 1 -0 . 7 7 -0 . 14 

-0 . 93 -0 . 7 1 0 . 9 2 0 . 8 3 0 . 74 

-0 . 8 3 -0 . 64 0 . 9 1 0 . 57 0 . 80 

- 0 . 7 7 -0 . 47 0. 79  0 . 50 0 . 50 

-0 . 6 1  -0 . 50 0 . 68 0 . 69 0 . 43 

gene t i c  below d i agonal , pheno t y p i c  above , 

s lw=pre-s laugh t e r  l i vewe i gh t , hcw=ho t carcass we i gh t , ufd=u l t ra-soni  

f a t  dep t h , t l =  t o tal lean we igh t , t f= t o t al fat  we i gh t ,  t b= t o t a l  bone 

w e i gh t , pcl=per cen t lean , p c f=percen t f a t ,  pcb=per c e n t  bone . 

3 )  p c l=percen t lean , pcb=percen t bone , p t f =percen t t o tal  f a t , 

p s f= percen t s u b cu t aneous f a t , p i f=per cen t i n t ermus cular f a t . 
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F o r  a g i ven b reed and sex , the growt h  o f  the  lean and bone 

t i ssues f o ll ow an alm o s t pred i c t able  pa t t ern ( Berg , 1982 ) .  Since bo t h  

o f  t hese t i ssues have lower grow t h  rate  t han t he body as a whole , they 

decl i ne in p ropo r t i on as  the ani mal grows older , a l though s ome s tu d i e s  

h ave repo r ted  a n  almos t cons t an t  muscle growt h  rela t i ve t o  l i vewe i gh t  

( Bu t t er f i e l d , 1988 ) .  The fa t t i s sue has a h i gher grow t h  ra t e  t han the  

body  as a whole and i s  t he mos t v a r iable t i ssue w i t h  grea tes t i n fluence 

of the  compo s i t i on of  the carcass ( Berg , 1982 ; Bu t te r f i el d , 1988 ) . 

W i th consumer  res is tance to  fatnes s , it  i s  neces sary to  exami ne the  f a t  

depo t s  o f  impor t ance , where there i s  varia t i on and breed d i f ferences 

Over 60% of  t he to t a l  body fat can be found i n  t he carcass 

d epo t s  and this  is  a l mos t d i vided evenly be tween in t e rmus cular and 

subcu t aneous fat 

l i t t le var i a t ion 

depo t s  

in  t he 

( Bu t t e r f i eld , 1988 ) . There i s  apparen t ly 

a c t ual dis t ribu t i on o f  fa t be tween these  two 

depo t s  ( Thompson et  a l , 19 7 9 ;  Kemps ter, 1980 ) . However , t here i s  a 

l arge d i f f e r ence in p ar t i t i on i ng of fa t t i ssue  be tween these carcass 

f a t  depo t s  and non-ca rcass fat  depo ts  ( Wood et  al , 1980 ; 

1 9 8 4 ; Bu t t e r f i eld e t  a l , 1 985 ) . 

B u t l e r -H ogg , 

There have been var i ous repo r t s , b r i e fly summarised  by 

Thompson ( 19 85 ) , of b reed di f f erences in t o tal  and percen t f a t  when 

compared a t  the same we igh t .  When t hese b reed d i f ferences a r e  

expressed i n  terms o f  m a ture s i ze , t h e  breed d i f ferences a r e  removed a t  

t he same propo r t i on o f  ma ture s i ze ( McClelland e t  al , 1976 ) . T h i s  i s  

assum i ng t h a t  the grow t h  o f  the carcass component s  are the s ame i n  bo t h  

b reeds ( Bu t t e r f ield , 1 98 8 ) .  Fa t d i s t r i bu t i o n  be tween the carcass f a t  

depo t s  a ppears t o  fol low  a closely defined pa t h , such t h a t  a t  equal f a t  
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d e p o t  wei gh t s , breed d i f fe rences are small ( Kemps t e r, 1980 ) . Howev e r , 

f a t  par t i t i o n i ng be tween the  carcass and noncarcass  depo ts  shows m o re 

v a r i a t i o n  and sugges t s  t ha t subs t an t i a l  d i f ferences have occured i n  t he 

e v o lu t i on and selec t i on o f  domes t i c  breeds ( Kemps ter , 1980 ) . Whi le 

compa r i sons a t  an equal degree o f  ma t u r i ty reduces t he d i f f e rences , 

t here  may be be tween breed d i f f e rences a t  equal ma turi ty due t o  gene t i c  

v a r i a t i on and var i a t i o n  i n  f a tness and ho rmone levels ( Bu t t e r f i eld , 

1988 ) .  Wood ( 1982 )  sugges ted t ha t  the breed d i f ferences i n  the  

p a r t i t i on i ng o f  f a t  may be  due  t o  d i f ferences  in  the  i ns t r i ns i c  

m e t abol i s m  b e t ween subcu t aneous and abdominal f a t  t i ssues . 

2 . 2 . 2  Selec t i o n  Indi ces For Leanness . 

Mo r r i s  e t  al ( 1 9 8 2 )  der ived and evalu a t e d  selec t i on i nd i ces 

f o r  breed i ng obje c t ives for t he vari ous sheep b reed selec t i o n  groups . 

F o r  the dual - purpose woo l  breeds the ewe progeny could be e i t he r  kep t  

a s  replaceme n t s  o r  used as dams i n  the  produc t i on o f  cross-bred lambs 

f o r  s laugh t e r .  But  the  d i s t i n c t i on be tween t hese obj e c t ives were 

c onside red to be small in terms of the gene t i c  changes i n  p rac t i ce . I t  

was con s i de red tha t the  major obje c t i ves , i n  decreas i ng i m po r t an ce , 

were  the  number o f  lambs weaned , fleecewe i gh t  and wean i ng we i gh t. I n  

t he t e rm i na l  s i re breeds , t he mai n  sele c t i on t ra i t  was l i vewe igh t a t  

s ale. However , the  i mpo r tance o f  o f  carcass qual i ty and wool-pull  

r e turns were  unknown , due to  the  l i m i t ed evi dence avai lable . 

W i t hout con s i d e r i ng economi c  values , Benne t t  and Clarke 

( 1984 )  calcula ted theore t i cal res ponses for lean growth  ra t e  ( LGR ) , and 

f a t  percen t adj us ted  f o r  weigh t  ( APF ) . The i n c o rpora t i on of f a t  d e p t h  
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measuremen t reduced fatness  and i ncreased carcass weight , bu t t h e re was 

l i t t l e  i mprovemen t ove r  selec t i ng on l ivewe i gh t  a lone . Fraze r  ( 1982 ) 

sugges ted t h a t  t he average lamb carcass expo r t e d  i n  1 9 8 2  ( 13 . 5kg 

car cass weigh t and abou t 2 4% fa t )  should be increased to 1 5kg carcass 

we i gh t  w i th  no more t han 24% fat . Th i s  would be  mos t r a p id l y  a c h i eved 

by s elec t i on agai n s t APF . 

t h e  r i b fa t  dep t h ,  8 . 5  

The qu i ckes t me thod was progeny t es t i ng on 

years . In  compa r i son, s e le c t ion based  on the  

s i re ' s  own ul t ra-son i c  fa t depth  would t ake 1 2  years . 

Rae ( 1 984 ) i nves t igated the poten t ial  i mplemen t a t i o n  of a 

breed i ng program to b r i ng abou t t he des i red changes i n  we i gh t  and 

leaness in lamb mea t . Selec t ion i ndices were cons t ru c t ed us i ng 

cor rec ted Au t umn l i vewe i gh t  and fa t dep t h  measured by t h e  u l t ra-son i c  

probe ( UFO) . The i n d i ces where then used t o  pred i c t  a n  obj e c t i v e  

func t ion based o n  t h e  rela t i ve econom i c  values of 140 f o r  carcass 

weight  and - 4 2  for the  GR measuremen t .  Under the n e c essary 

assump t ions , t he annual gene t i c  change was calcul a t ed a t  a con s t an t  age 

f o r  each i ndex . Compared to selec t i on based soley on l i vewe i gh t, the  

full  i ndex woul d  resul t in  s l igh t ly smal ler i n c reases in  GR and  pe r cen t 

c h e m i cal f a t . I n  order to  res t r i c t  t he change 1n GR to  zero , an 

r el a t ive economi c  value of -55 for GR would be requ i red . S e l e c t i on 

a gains t UFO co rrec t ed for l i vewe igh t ( based on the pheno typ i c  

rel a t i ons h i p )  would reduce  fatness a t  t he same age . I f  UFO was omi t ted  

from  t he i nd e x , the overall gai n  would be reduced by a t  l eas t 1 5% i n  

mos t o f  the i nd i ces calculated . The u l t ra-son i c  f a t  dep t h  may also  

e l i mina t e  t h e  need t o  slaugh t e r  progeny for  carcass assessme n t . The 

add i t i onal gai n  over s l augh tering no progeny from slaugh t e r i n g  5 ,  10 

and 1 5  progeny out  o f  20 , was 6% , 10% and 14% , respec t ive ly. Depend i ng 
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on t h e  accuracy o f  t h e  gene t i c  parame ter  es t i ma tes , there would  a p p e a r  

to  be  l i t t le advan t age in  slaugh t e r ing progeny . 

Econom i c  s e l e c t ion ind i ces for lean meat prod u c t ion i n  

t e rm i na l  s i re breeds were developed unde r  New Zealand cond i t ion s  b y  

S i mm ( 1 9 8 6 ) and S imm e t  al  ( 198 7 )  and unde r  B r i t ish  cond i t ions b y  

Parra t t  and S i mm ( 1 98 7 ) . These selec t ion i n d i ces were compared t o  a n  

aggrega t e  breed i ng value ( ABV ) o f  carcass lean weigh t  and total  c a r c a s s  

f a t  we i gh t . Us i ng B r i t i sh data , Parra t t and S i mm ( 1987 )  cons t ru c t ed 

i n d i ces involving b i r th we igh t , growth  ra t e , and e i t her  X-r ay com p u t e r  

tomography ( CT )  or u l t ra-son i c  f a t  d e p t h  ( UFO) . The corre la t ion s  

be tween the ABV and t he index of b i r th we igh t  and grow t h  r a t e  w i t h  

e i ther  CT or UFO we re 0 . 4  and 0 . 38, respe c t ively . There  was v e r y  

l i t t l e  d i f ference us i ng both bi r t h  weigh t and growth  ra t e  ( 0 . 38 ) , o r  

grow t h  r a t e  alone ( 0 . 3 7 ) . Yi th New Zealand d a ta , S imm ( 1 986 )  and S i m m  

e t  a l  ( 1987 ) cons t ru c t ed an index us i ng l i veweigh t , UFO , and -------

u l t ra-son i c  muscle  d e p t h  ( UMD ) . The corre la t i on of t he full i ndex and 

t he ABV was 0 . 2 3 .  Thi s  d ropped to 0 . 1 8 ,  0 . 1 5 and 0 . 07 ,  when UMD , UFO , 

and UMD and UFO , were om i t t ed , res pec t i vely . The reduc t ions i n  t h i s  

i ndex were  much larger t han for the Bri t i s h  ind i ces , p robably d u e  t o  

t h e  r e l a t ively s t rong economic  penal ty for over f a t  carcasses i n  New 

Zealand . 

2 . 2 . 3  D i r e c t  Selec t i on for leanness 

At Massey Un i ver s i ty , Sou t hdown ewes were s creened f rom 

various sources to form d ivergen t selec t i on l ines for weigh t-adj us t ed 

u l t ra-son i c  backf a t  d e p t h .  I t  was apparen t tha t t here was a t endency  
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for t he ani mals  selec ted for fatness t o  be sho r t er in body l eng th  and 

body heigh t t han t he lean line  animals , a t  a cons t a n t  weigh t ( Purchas 

et al , 1 9 8 1 ; Purchas et al , 1982 ) .  A f t e r  8 years of s elec t i on , Sol i s  

( 1 988 ) repo r ted  a d i fference o f  1 . 7mm and 2 . 0mm b e t ween l ines  f o r  the  

rams and ewes r e s pec t ively . The es t i ma t es of  her i tabi l i ty were  low  to  

modera t e , wi th  t h e  daugh ter-dam regres s i on  me t hod b e i ng h ighe r  t han the  

paren tal half- s i b  me t hod . The  lean l i ne was found t o  be  s igni f i can t ly 

longer in  body leng th ( Sol i s ,  1988 ) and carcass length ( Kad i m ,  1988 ) . 

The correl a t ed r e s ponses on b i r t h  we igh t and grow t h  rate were generally 

small wi t h  no cons i s ten t e f f e c t s  . Unpubli shed results  have sugges t ed 

no e f fe c t  on wool  produc t i on . From an analys i s  o f  carcass i n f o rmat i on , 

Kad im ( 1 988 ) r e p o r ted tha t  a t  a cons t an t carcass s i de we ight,  the  lean 

l i ne con t a ined s igni f i can t ly more mus c le and bone and less f a t  t han the  

fat  l i ne . Bu t t here no di f fe rences in  t h e  ac tual we igh t d i s t r i bu t ion 

and the placemen t o f  muscle , fat  and bone componen t s . �hi l e  t h e re was 

no d i f ference i n  the ac tual fat d i s tri bu t ion be tween the var i ous f a t  

d e po t s , a t  a c ons tant  carcass s i de weigh t, the  fat  l i ne h a d  more 

subcu t aneous f a t , more int ra-mus cular f a t , and less i n t e rmus cular f a t  

t han t h e  lean l ine . Th i s  has resu l t ed in  a grea t e r  change i n  t he f a t  

d e p t h  C t han a t  any o t her depo ts . 

Fenne s sy e t  al ( 1 982 )  repo r t e d  the  s e t t i ng up o f  d i ve rgen t ly 

s elec ted Coopwor th l i nes for  h i gh o r  low ul t ra-soni c backfat  dep t h . 

Bu t due t o  a number o f  reasons , i t  was cons i d e red that  t h i s  i n i t ial  

s e lec t ion was i n e f f e c t ive . Fur ther d e t a i l s  on t h e  l ines were g i ven by 

Fennessy et  al  ( 1987 ) .  Fennessy et  al ( 1 9 8 2 )  s c reened rams f rom the  

two  l ines and t hese were  ma ted t o  P e r endale ewes  to prov i d e  carcass 

i n forma t i on on t he male progeny . O f  the  carcass fat  measu res , only 
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carcas s C and the  f a t  dep th  a t  t he shou l d e r  region �ere s i gn i f i can t ly 

d i f ferent  and no d i f f erences i n  carcas s GR o r  t o t al chemi cal f a t  �ere 

found . Fennes sy et  a l ,  ( 1987 ) repor ted t ha t  there  had been s i gn i f i can t 

reponses  a f t er f ive  years o f  selec t i on . The resu l t s  sugge s t e d  t h a t  

when compared to  t he con t r o l , the progeny f ro m  lean rams were leaner  

�i th  grea ter  eye-mus c l e  area  a t  the  s am e  carcass �eigh t . Vh i le t he 

lean l ine lambs had h igher b i r th we igh t s  t han t he f a t  l ine and the  

subsequen t growt h  ra t es were s i m i lar be t�een l i nes . 

Benne t t  e t  al ( 1 983a)  repor t ed the  resu l t s  o f  Suf fo l k  and 

Southdown rams s e l e c t ed on the bas is  of we i gh t-adj u s t ed ul t ra-son i c  f a t  

dep t h ,  crossed over Pe rendale ewe s . Overall ,  there  was a d i f fe rence  i n  

t he carcass C measuremen t and a smaller ,  probably nons igni f i can t , 

d i f f e rence in  t he GR measuremen t .  

2 .  3 THE RELATIONSHIP BEHTEEN \.TOOL ,  MEAT AND GRO\JTH TRAIT S  

2 . 3 . 1  T h e  Rela t i on s h i p  Be tween G ro�th  And Vool Trai t s . 

In t he Ne� Zealand Romney , t h e  gene t i c  and pheno t y p i c  

corre l a t i ons be t�een l ive�e ight  and wool t ra i t s  ( Table 2 . 9 )  i nd i ca t e  

t h a t  t here i s  a n  lo� t o  modera t e  rela t i onshi p .  I n  expe r i me n t a l  �ark , 

Johnson  ( 1 98 1 )  and Johnson and Dobbi e  ( 1987)  have sho�n t h a t  Romney 

animals selec t ed f o r  hogge t greasy fleec e�e ight  had s i gn i f i cant  

pos i t i ve correla t ed responses i n  wean ing �eigh t , lamb  fleec e�e i gh t , 

hogge t body �eigh t , c lean s taple leng t h  and mean f i br e  d i am e t e r .  

Selec t ion for  hogge t body �eigh t  led t o  i n c reases i n  �eani ng �eigh t and 

h ogge t f leece�eigh t ,  �i th  small e r  pos i t i v e  changes in the o th e r  f l e ece  
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i nc reased 

fleeceweight  i n  Romneys caused increases in c lean fleecewei gh t ,  st a p l e  

leng t h , mean f i bre d i ame ter , c lean scoured y i e ld , weaning weigh t and 

hogge t l ivewe igh t , r e l a t ive to  the con t rols . 

In  sele c t i on exper i men t s  f o r  h igh clean woo l  weigh t i n  

Aus t ra l i an M e r i nos , t he correlated  responses i n  body weigh t ranged f r o m  

zero  t o  pos i t ive a n d  in expe r i men t s  f o r  low woo l  produc t ion , body 

we ight  d e creased ( Tu rner , 19 7 2 ;  Dav i s  and McGu i rk ,  1987 ) .  B u t  i n  

expe r i me n t s  f o r  h i gh body we igh t ,  there has been no corre l a t ed res ponse 

in  f l e e cewe i gh t , ye t in  low body weigh t selec t i on ,  woo l  we igh t 

decreased ( Turner , 1 9 7 2 ;  Dav i s  and McGu i r k ,  1987) . 

Heydenrych e t  al ( 1 984 ) re por t ed tha t in  Sou t h  A f r i can 

Meri nos t h a t  selec t i on for clean f leecewe i g h t  had increased body we igh t 

a t  a l l  ages f rom 42 days t o  18 mon t hs ,  compared t o  t h e  con t rols . 

However ,  the magn i t ude  of  the response had varied between t h e  years 

repor t ed .  



Tab l e  2 . 9 :  Some Es t imates  o f  t he Gene t i c  ( g )  and 

Pheno typ i c  ( p )  Co r rela t i ons  of Livewei ght  

and  �ool  T r a i t s  i n  t he NZ  Romney 

L i v ewe i gh t  T r a i t s1 g p 

weani ng l fw t  0 . 8 1 0 . 65 Tai t ( 1 98 3 )  

h f w t  0 . 39 0 . 25 Baker e t  al  ( 1 979 ) 

h fw t  0 . 1 3 0 . 35 Blai r ( 1 98 1 )  

h fw t  0 . 48 0 . 26 Tai  t ( 19 8 3 ) 

c fw t  0 . 2 7 0 . 32 Bla i r  ( 1 98 1 )  

y i e l d  0 . 0 1 Bla i r  ( 1 98 1 )  

s t l en 0 . 55 0 . 03 Blair  ( 1 981)  

s t len  0 . 02 -0 . 02 Tai  t ( 1 9 8 3 )  

m fd -0 . 09 0 . 1 7 Bla i r  ( 1 98 1 )  

F e bruary h fw t  0 . 3 7 0 . 38 Baker e t  al ( 1 9 7 9 ) 

A p r i l  l fw t  0 .  2 6  0 . 46 Tai t ( 1 983 ) 

h fw t  0 .  70  0 . 44 Ta i t  ( 1 983 ) 

s t len 0 . 1 8 0 . 1 2 Ta i t  ( 1 9 8 3 )  

Jun e  l fw t  0 . 2 6 0 . 46 Ta i t  ( 1 983 ) 

h fw t  0 .  7 0  0 . 44 Ta i t  ( 1 983 ) 

s t len 0 . 18 0 . 17 Tai t ( 1 983 ) 

J u l y  h fw t  0 . 40 0 . 52 Baker e t  al  ( 1 97 9 )  

Augus t l fw t  0 . 28 0 . 48 Tai t ( 1 983 )  

h fw t  0 . 60 0 . 48 Tai t ( 1983 )  

stlen 0 . 07 0 . 15 Tai t ( 19 8 3 )  

October h fwt 0 . 41 0 . 44 Baker et al ( 19 7 9 )  

(cont.) 
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November l fw t  0 . 32 0 . 35 Tai t ( 1 983 ) 

h fw t  0 . 1 1  Chopra ( 1 9 7 8 )  

h fw t  0 . 64 0 . 47 Bla i r  ( 1 98 1 )  

hfwt  0 . 54 0 . 47 Tai t ( 1 983 )  

h fw t  0 . 1 1  Newman ( 1988 ) 

c fw t  0 . 7 4 0 . 4 1 Bla i r  ( 198 1 )  

c fw t  -0 . 02 Newman ( 1988 ) 

y i eld  0 . 06 Chopra 1 9 7 8  

y i eld  -0 . 03 Bla i r  ( 1 98 1 )  

yi eld  0 . 3 1 Newman ( 1 988 ) 

s t len 0 . 50 Chopra 1 9 7 8  

s t len 0.  77  0 . 1 8 Bla i r  ( 1 98 1 )  

s t len  0 . 45 0 . 18 Tai t ( 1 983 ) 

s t len -0 . 08 Nel·lman ( 1 988 ) 

mfd 0 . 02 Chopra ( 1 9 7 8 )  

mfd  0 . 2 1 0 . 2 1 Bla i r  ( 1 98 1 )  

m f d  -0 . 1 2 Nevman ( 1 988 ) 

1 ) l fw t =lamb flee ceweigh t ; h f w t =hogge t fleecewe i gh t ; 

c fw t =clean hogge t fleecewe i gh t ;  

s t len=s t aple  l eng th ; mfd=mean f i bre d i ame ter . 

page 29 
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2 . 3 . 2  T h e  Rela t ions h i p  Be tween Wool  And Carcass Trai t s .  

I n  the USA , Johnson e t  a l  ( 1968 ) repor ted the  h e r i t ab i l i t y  

es t i ma t es and correla t i ons of mea t and w o o l  t rai t s  i n  purebred 

Rambou i l le t , Columbi a  and Corr i e d a l e  lambs a t  a SOkg l iveweigh t .  The 

gene t i c  c o rrelat ions were generally modera t e  t o  highly n ega t ive be t ween 

the carcass t rai ts  and ei ther c lean flee ceweigh t or  s t aple  leng t h .  

More  com prehens ive resu l t s  shown i n  Table  2 . 10 were presen t ed by Bo t ki n  

e t  a l  ( 1 9 7 1 ) .  Average dai ly gai n , wean i ng we igh t and c a r cass we igh t 

a l l  showed nega t i ve gene t i c  c o r r e la t i ons w i t h  fleecewe i g h t  and t h e r e  

a p p e a r s  t o  b e  a low nega t ive pheno t y p i c  correla t i on be tween mea t and 

woo l . T h e  u l t ra-soni c  backfa t dep t h  showed l i t tle asso c i a t ion  w i t h  any 

o f  the  o th e r  l i ve t ra i t s .  The re l a t i onsh i p  be tween greasy fleecewe i gh t  

and t h e  UFO was s l i gh t ly pos i t i ve , bu t c lean f l eecewe igh t ,  s t aple  

l ength  and  wean ing we igh t were nega t i vely correla t ed . Bo t h  

f leecewe i g h t  and s t aple leng th were nega t i vely correla t e d  wi th  carcass  

we igh t , c arcass leng t h  and fat  d e p th . F leecewe igh t  was also  lowly and 

n ega t iv e ly correla t e d  to bone weigh t ,  bu t s taple leng t h  was low and 

p os i t i ve ly correla ted  to bone we i gh t . Fa t wei ght  was low t o  mod e r a t e ly 

and pos i t i ve ly correla ted to  fleeceweigh t ,  b u t  s t aple leng th  and f a t  

weight  w e r e  nega t i vely correla t ed . 



Table 2 . 1 0 : The Gene t i c  Correl a t i ons Be tween Fleecewei gh t , 

L iveweight  and Carcass  Trai t s  From 

Bo t ki n  et  al  ( 19 7 1 ) . 

Trai t s 1 gfwt c f w t  s t len wwt ufd  

c fw t  o .  7 7  

s t len 0 . 38 0 . 87 

wwt -0 . 2 3 -0 . 24 -0 . 18 

u fd 0 . 08 -0 . 1 3 -0 . 1 1 -0 . 1 2 

c cwg t -0 . 67 -0 . 67 -0 . 1 9 -0 . 1 7 0 . 2 2 

cl  en -0 . 50 -0 . 4 1 -0 . 1 2 0 . 2 1 -0 . 30 

c -0 . 04 -0 . 29 -0 . 2 5  - 0 . 25 0 . 6 9 

fwg t 0 . 47 0 . 1 1 0 . 07 -0 . 45 0 . 4 3 

bwg t -0 . 33 -0 . 1 2 0 . 1 5 -0 . 39 -0 . 5 6 

1 ) gfw t =greasy fleecewe igh t ;  c fw t =c lean f leecewe igh t ;  

s t len=s taple leng t h ; WYT t =wean ing ve igh t ;  

ufd =ul t ra-son i c  backfat dep th ; ccwg t = c a r cass we i gh t ;  

c len=carcass leng t h ; c=carcass c ;  fwg t = t o tal  f a t  weigh t ; 

bwg t = t o t a l  bone weigh t . 
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McEwan e t  al ( 1 984 ) exami ned t he c o r r e lated e f f e c t s  o f  

s e l e c t i on for  increased p roduc t i on o n  ul t ra-soni c  backfa t d e p t h  i n  

Romney ewe lambs from 5 s e l f - con t a i ned selec t i on l in e s . T h e  l i ne s  were 

f o r  number of lambs born , 100-day weigh t ,  hogg e t f l eeceweigh t , a 

p r od u c t ion  index of  the previous t ra i t s , and a con t rol , and s e l e c t i on 

had  been under t aken for  9 years . The rea l i s ed gene t i c  corre la t i ons 

s ugges ted t h a t  selec t i on for  the number of l ambs b o rn grea t ly reduced 

f a t n es s , and p robably accoun t ed for the modera t e  nega t i v e  r e la t i onshi p  

be tween f a t ne s s and the  p roduc t i on i ndex . S e l e c t ion for  i ncreased 

h ogge t f leeceweight had l i t t le or  no i n f luence on f a tnes s , bu t a t  a 

cons t an t  age , the selec t i on line  an i mals  tended t o  be s l igh t ly f a t t e r  

t han t he i r  con t rols . An i ma l s  selec ted  f o r  100-day weigh t we re heav i e r  

a n d  f a t t e r  a t  cons tant age , bu t leaner a t  a par t i cular  weigh t . 

The paren tal  hal f - s i b  es t i m a t e s  o f  the  gene t i c  and pheno typ i c  

c o r re la t i ons calcula ted b y  McEwan e t  a l  ( 1 984 ) f o r  UFO w i t h  l i vewe i gh t s  

and hogge t f l eeceweigh t  a r e  shown i n  Table 2 . 1 1 .  Age adj us t ed UFO had 

a low to moderate pos i t i v e  rela t ions h i p  wi t h  l i veweigh t .  The gene t i c  

c o r rela t i on be tween the  age adj us t ed-UFO and hogge t f leecewe i gh t  was 

negat i ve ,  b u t  the pheno t y p i c  corre l a t i on was pos i t ive . The UFO 

adj u s ted for t he pheno typ i c  rela t i ons h i p  be tween UFO and l i vewe igh t 

( Index P )  had  moderately  nega t i ve gene t i c  corre l a t i ons wi t h  l ivewe igh t 

and  f l eecewe i gh t  and neg l i gi ble pheno t y p i c  correla t i ons . Vhen UFO was 

adj u s ted  for the gene t i c  r e l a t ionshi p  be tween UFO and l i vewe i g h t  ( Index 

G ) , t he correl a t i ons tha t were o b t a i ned were v a r i a b l e .  V i t h  l i vewe i g h t  

t h e r e  was l owly nega t i v e  gene t i c , but  lowly pos i t ive 

correla t i ons , hogge t f l e eceweigh t  was modera t e ly nega t iv e  

g en e t i c  bu t negligible  f o r  t h e  pheno t y p i c  corre la t i ons . 

pheno typ i c  

for  t h e  



T a b l e  2 . 1 1 :  The Gene t i c  ( g )  and Pheno typ i c  ( p )  Co r r e l a t i ons 

o f  Ul t ra-son i c  Backfat  Dep t h  wi t h  Liveweigh t  and 

Fleeceweigh t From McEwan et al  ( 1 984 ) 

May UFD1 Index p 2 Index G 3 

T r a i t 4 g p g p g p 

ww t 0 . 1 7 0 . 2 7 -0 . 44 -0 . 05 -0 . 1 6 0 . 1 1 

M a r  0 . 30 0 . 37 -0 . 34 -0 . 03 -0 . 04 0 . 18 

May 0 . 33 0 . 44 -0 . 30 0 . 00 0 . 00 0 . 23 

Nov 0 . 1 7 0 . 30 -0 . 43 -0 . 09 -0 . 1 6 0 . 1 0 

h f w t  -0 . 35 0 . 1 7 -0 . 68  -0 . 09 -0 . 55 0 . 04 

i nd e x  p 0 . 80 0 . 90 

i nd e x  g 0 . 94 0 . 97 0 . 95 0 . 97 

u f d  n 0 . 97 0 . 52 0 . 7 9 0 . 3 6 0 . 90 0 . 45 

1 ) M ay UFO= May ul t ra-son i c  backf a t  dep t h  a t  a cons t an t  age 

2 ) I ndex P= May u l t ra-son i c  backf a t  dep th  corre c t ed f o r  t he 

pheno typ i c  correla t i on be t ween l i vewe i gh t and UFO 

3 ) I ndex P= May u l t ra-son i c  back f a t  dep th  corre c t ed f o r  the 

gene t i c  corre la t i on be tween l i vewei gh t  and UFO 

4 ) ww t =weaning we igh t ; March=March l ivevreigh t ;  May=May 

l i veweight  Nov=November l i vewe igh t ;  

h fw t =hogge t fleeceweigh t ;  

u f d  n=November  u l t ra-son i c  backfat  dep t h .  
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Parra t t  et al ( 19 8 7 b )  inves t i ga t ed t he c o r r e lated changes i n  

u l t r a - s on i c  backfat dep th  i n  Romney ewe lambs f r o m  vari ous s e l e c t i ons 

l ines  and t he i r  respec t i ve c o n t rols , for  body we i gh t ,  f leecewe igh t , 

d am ' s fer t i l i ty and an i nd ex o f  fer t i li ty and body weigh t . The 

dev i a t i ons were presen ted f ro m  t he con t emporary con t ro ls and s howed a 

w i d e  vari a t ion  even among l i nes of  the  same selec t i on c r i t e ri a .  The 

l in e s  for h i gh hogge t body we igh t were bo th heav i e r  and fa t t e r  a t  the 

s ame  age , bu t a t  a cons tan t weigh t there was a t rend  for t he h i gh l i nes 

t o  be  leaner t han the con t ro l s . Selec t i on for h igh h ogge t f l eecewe i g h t  

a t  a cons t a n t  a g e  resul t ed i n  heav ier  a n i mals , bu t a t  a cons t a n t  we igh t  

t hey  were l igh t e r  t han t he i r  con t rols . The h igh f l eecewe igh t ani mals  

were  leaner  a t  a cons tan t we i gh t ,  bu t were  fa t t er  at  a cons tan t age  a t  

the  1 4-mon th  UFO scan . 

2 . 3 . 3  Selec t i on F o r  High And Low Vean ing �eigh t 

Vood e t  al ( 1 9 8 0 ) repo r t ed tha t a t  any given we igh t 

gene t i cally l a rge an i ma l s  t end to  be less fa t .  From the  vari ous 

be t ween breed s tud ies , an i ncrease in ma ture weigh t would be expec ted  

to  resul t i n  leaner an i ma ls a t  a g i ven wei gh t  ( Th ompson , 1985 ) . The 

s e l e c t i o n  for  h i gh and low weani ng weigh t in Aus t ra l ian Merinos  has led 

to  i nc reased and decreased wean ing we igh t  in each l i ne ,  i n  subsequen t 

gene ra t i ons ( Pa t t i e ,  1965a ) and also a t  o ther ages includ i ng ma tur i ty 

( Pa t t i e , 1965 b ;  Pa t t i e  and �i l l i ams , 1966  and 196 7 ; Thompson et  a l , 

1985a ) . 

Thompson e t  al  ( 1985a ) repo r t ed tha t t h e  h igh and low  weani ng 

wei g h t  Mer i no l i nes had s im i lar growt h  e f f i c i ency , although t he re was a 
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t enden cy f o r  the  h i gh l i ne to  be h igher i n  gross food conve r s i on a t  the  

same weigh t t han t he low l i n e .  Bu t there was no d i f f erence  at  t he same 

age . Thompson e t  al ( 1985b ) repo r t ed t h a t  t here  was no d i f fe rence 

be tween l i nes in t he mat ur i ty coe f f i c i en t s  for  pro t e i n  and mus cl e . Fa t 

was f ound t o  be  la t e  ma tur i ng i n  the  l ow line  rela t ive t o  h i gh l i ne , 

whe r eas bone was early ma t u r i ng i n  the  low line  r e l a t ive t o  t h e  h igh 

l i ne . At t he s ame body we igh t , the d i f feren t ma t u ring r a t e s  f o r  fat  

resul t ed i n  a c rossover be t ween the s t ra i ns i n  t he propo r t i o n  of  f a t  in  

the  body , a t  around 20 kg l i vewe igh t . A t  the heavi e r  body we i gh t s ,  t he 

h i gh l ine had a l ower propo r t i on o f  f a t  t han the  contro l , whi ch was 

lower than the  low li ne . The higher levels o f  f a t  i n  the  h igh l i ne a t  

the  ear l i e r  ages was sugges ted by Thompson  e t  a l  ( 1 98 5b )  t o  be  d u e  t o  

the  grea ter  m i lk produc t i on o f  t h e  high l i ne dams ( Pa t t i e ,  1 9 65 b ) . The 

e f fe c t  of grea t e r  m i lk produ c t ion  would be t o  i n c rease t he m i lk i n take 

o f  the  lambs , and increase the amount  o f  body f a t  i n  the lamb ( Black , 

1 9 7 4 ) . 

There have been s i gn i f i can t corre l a t ed changes in 

f leeceweigh t in these M e r i no l ines s e l e c t ed for  h igh and low weani ng 

we igh t ( Pa t t i e ,  1 965b ; Pa t t ie and W i ll i ams , 1 9 6 7 ; Dav i s , 1987 ) .  

There  have been confus i ng and con f l i c t i ng repo r t s  o f  t he a s s o c i a t ed 

changes i n  t he vari ous componen ts  of  f l eecewe igh t ,  but  i t  i s  appare n t  

t h a t  t h e  mai n s i gn i f i can t dev i a t i on h a s  been i n  surface a rea . Dav i s  

( 1 987 ) explained a n  observed 10% c o rrela t ed r e s ponse i n  greasy 

f l ee cewe igh t ,  over t he con t rols a f t e r  10  genera t io ns of s e l e c t i on , as 

an 30% i n c rease in skin sur face area , wh i ch resul t ed in  a 10% i ncrease 

in the skin area for wool produc t i on .  The changes i n  t he o th e r  wool 

t ra i t s  have been var i able and generally negl i g i b l e , and were c o n s i de red 



as r e sponses t o  t h e  change i n  f l eecewe i gh t  ( Dav i s , 1 9 87 ) . 

2 . 4  POSITI VE ASSORTATIVE MATING 

2 . 4 . 1  Bas i c  Theo ry 
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The previous  gene t i c  and pheno t yp i c  parame t er s  have , i n  

general , been es t ima t ed under t he a s s ump t i on o f  random m a t i ng .  

However ,  i t  i s  pos s i ble tha t  the popula t i on i s  und e r  e i t h e r  o f  t wo 

types of non- random ma t i ng , inbreed i ng and assor t a t i ve ma t i ng 

( Falcone r , 1 9 8 1 ) .  I nb reed ing i s  when t he m a t ed i nd iv i duals are  r e l a t ed 

t o  each o ther by d e s cen t .  W i th  asso r t a t i v e  ma t ing t h e  i nd i v i duals t end 

t o  ma t e  p refe ren t i al ly wi th  respec t to t he i r  pheno types , and can be  

e i t h e r  pos i t i ve o r  nega t i ve . 

When an imals  are se lec t ed and ma ted  on t he bas i s  o f  t he 

s i mi la r i t y o f  t he i r pheno typ i c  r esemblence for  a par t i cular t ra i t ,  t h i s  

i s  t e rmed pos i t i ve a s sor t a t i ve ma t i ng . Th i s  i s  i n  con t ras t t o  nega t i ve 

assor t a t i ve ma t i ng , where the  ind i v iduals  are selec t ed and ma t e d  on 

t he i r  d i ss i m i lar t i es in the i r  pheno types . S i nce t h e  pos i t i vely m a t ed 

i nd i v i duals have s i m i lar pheno types , i t  would be  expec t ed t ha t  t he 

geno types  would be somewhat  s im i lar  and t h e r e f o r e  have s i m i lar 

consequences as i n br eed i ng ( C row and Felsen s t e i n ,  1 9 6 8 ) .  

When a t r a i t is  con t rolled by a s i ngle locus , t hen  the  

e f fec t s  o f  pos i t iv e  ass o r t men t are  essen t ia l ly t he s ame as i nbree d i ng ,  

i n  tha t i t  resul t s  i n  the  propo r t i on o f  h e t e rozygo t e s  being halved i n  

each genera t i on ( Jennings , 1 9 1 6 ; Wen t wo r th and Remi ck , 1 9 16 ) . The 
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e f fe c t  o f  pos i t ive a s s o r tmen t o n  t rai t s  t h a t  are inhe r i t ed i n  a 

mul t i fac t o ral fas h i o n  was formula ted in  t h e  clas s i c  papers o f  F i s h e r  

( 19 1 8 ) and Vrigh t ( 1 9 2 1a ) , who used two d i f f e r e n t  approachs . S i m i la r  

conclus i on s  were reached , in  t h a t  unde r  t h e  assump t ion o f  neg l i g i b l e  

domi nanc e  and n o  s e l e c t i on , pos i t i ve assor t a t i ve mat ing increased t h e  

v a r i ab i l i ty i n  t h e  p o pula t i on .  Th is  was due to  an i ncrease i n  t h e  

add i t iv e  gene t i c  var i ance (which  was i n  accordance wi th  t h e  assump t i on s  

t h a t  we r e  mad e )  and would there fore lead to  a greater  selec t i on  

response t han wi th  random ma t i ng .  Dom inance and o ther factors , such  a s  

i ncomple t e  ass o r t men t and epi s tas i s , w i l l  t end t o  reduce t h e  

e f fec t i veness o f  t h i s  type of  ma t i ng . 

The consequence o f  an excess o f  consangu ineous ma t i ng wou l d  

resu l t  i n  a n  increase o f  t h e  ave rage homozygo s i ty and , a l s o  a n  i n c r e a s e  

i n  the to tal popula t i on var iance . Pos i t i ve as sor tmen t would have 

e i ther  or some comb i n a t i on of these  consequences ( Crow and Felsens t e i n , 

1 9 68 ) . Thi s  variance enhancing e f fec t o f  inbreed ing and pos i t i ve 

assor t men t was i l lus t ra t ed by Crow and Felsens te i n  ( 1 968 ) wi th  a t ra i t  

i n f luenced by two l oc i , A and B ,  wi thou t dom i nance . Let  t he subs cr i p t s  

1 add one uni t t o  t h e  pheno type and subsc r i p t  0 add no t h i ng .  The t wo 

e x t remes o f  the  pheno type are then A1 A 1 B 1 B 1 and A0 A0 B0 B0 , and t h e  

i n t ermed i a t e  pheno types  are A1 A 1 B 0 B0 , A1 A0 B 1 B0 , and A0 A0 B0 B0 • T h e  

e f fe c t  o f  inbreed i ng w i l l  increase t h e  f r e quency of  a l l  o f  t h e  f o u r  

homozygo tes , A1 A1 B 1 B 1 , A0 A0 B 1 B 1 , A1 A1 B 0 B 0 , and A0 A0 B 0 B0 • Th i s  woul d  

double t he variance i f  t h e  o r i g i nal popul a t i on i s  changed f rom rando m  

mat ing p ropor t ions t o  comple t e  homozygos i ty .  

Vi t h  pos i t i ve assor tmen t , the  popu l a t ion would approach a 
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s t a te where only the ex t reme homozygo tes , A 1 A 1 B 1 B 1 and A0 A0 B0 B0 , would 

remain .  The rate of  i ncrease in  t he homozyg os i ty is less t han 

i nb reed i ng because i nbreed i ng causes a pos i t i ve correla t i on only 

be t ween the  homologous genes , vhereas pos i t i ve a s s o r tmen t also i nduces 

an  pos i t i ve correla t i on  b e t ween non-homo logous genes ( Crow and Kimura , 

1 9 7 0 ) . Thus , the long t e r m  e f fe c t  would be to  d i s t r i bu t e  a u n i modal 

popula t i on under random ma t i ng to  a bi modal popu l a t i on ( V r i gh t , 1 9 2 1b ) . 

T h i s  clearly causes a much  grea t e r  enhancemen t o f  the vari an ce . Th i s  

i s  i n  con t ras t t o  nega t i ve as sor t a t ive ma t ing , whi ch keeps t h e  

p o pula t i on a round a s i ng l e  mean ( �r i gh t ,  192 1 b ) . Us ing t h e  example , 

nega t i ve assor tmen t resul t s  in t he he terozygo te , and 

t he re f o re less  var i a t i on . In  e i t h e r  case o f  a s s o r t a t i ve ma t i ng , t h e  

r esump t i on o f  random ma t i ng would q u i ckly resu l t  i n  t h e  d i sappearance 

o f  these e f fec ts ,  unless any accompany ing selec t i on has resu l t ed in  any 

permanent  change of  the gene frequenc i es ( � r i gh t ,  1 9 2 1 b ) . 

The above example  also i l lus t ra t es the  d i f ferences be tween 

i n breed i ng and asso r ta t i ve ma t i ng . Inbreed i ng a f f e c t s  all  s egra t ing 

l o c i  and would tend to  f i x  all  the four homozygo t e s , as the i n d i v i duals 

m a ted would be more l i kely to  have the  same genes ( Lush  1945 ) . 

Vhereas , pos i t ive ass o r t men t only a f fe c t s  the l o c i  asso c i a t ed wi th  t h e  

t rai t u s e d  f o r  pos i t ive asso r t a t i ve ma t ing and would tend t o  f i x  only 

the two ex t reme homozygo tes  as the ind i v i duals  would tend t o  have 

s i mi la r  cha r a c t er i s t i cs , i rrespec t i ve o f  t he i r  relat i onshi p  ( Lush , 

1 9 45 ) . These d i f ferences  be tween random and non-random ma t ing was 

i llus t r a t ed by Breeze ( 19 5 6 )  in N i co t i ana . Breeze ( 1956 ) repor ted tha t 

posi t ive assor tment had s igni f i can t ly grea ter  gene t i c  vari a t i on than 

random mat ing , bu t i n  no case was the gene t i c  variat ion as  grea t as  



under s e l f ing . Vhi le there i s  a grea t e r  response o f  
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pos i t iv e  

ass o r t a t i ve mat ing over random ma t i ng ,  McB r i de and Rob e r t son ( 1 9 6 3 ) 

found t h a t the r a t e  o f  increase i n  i nbreed i ng tended to  be s l i gh t ly ,  

bu t no t s igni f i c i en t ly ,  h i gher in  assor t a t ive ma t ing t han rando m  

mat i ng . 

2 . 4 . 2  Expe r i men tal Resul ts  

Var i ous expe r i men tal resu l t s  i n  N i co t iana ( Breeze , 1 9 56 ) ; 

Drosoph i l i a  melanogas ter ( M c B r i d e  and Rober t son , 1963 ) ; 

cas t enum ( V i lson et a l , 1965 ; Mwe nga e t  al , 1984 ) ; 

T r i bo l i um 

Comp u t e r  

s i mula t i on ( Bake r ,  1 9 7 3 ; De Lange , 1 9 7 4 ; F e rnando e t  al , 1984 ; 

Gar c i a  and Toro , 1 985 ; Kemp e t  al , 1986 ) , have generally agreed w i t h  

t h e  above t h e o ry . I n  gener a l , p o s i t i ve a s s o r t a t i ve ma t i ng resul ted i n  

a grea t e r  var i ance and s e l e c t i on r e s p o n s e  i n  t h e t rai t wh i ch was used  

for  pos i t ive as s o r t a t i ve ma t i n g  t han u n d e r  random ma t i ng .  I n  many 

cases , t he d i f ference b e tween p o s i t i v e  a s s o r t a t i v e ma t i ng and random 

ma t i ng was no t f ound to be s i gn i f i c an t ly d i f feren t . F rom these  

e x pe r i me n t a l  s t ud i es , i t  i s  a p pa r en t for pos i t ive assor t a t i ve ma t i ng to  

be  e f f i c i en t  than random ma t i n g , a high heri tabi l i ty and  a h i gh 

pheno t y p i c  correla t i on be tween paren ts  as to  genera te a h i gh gene t i c  

c o r r e l a t i on , a large number o f  loci , a low i n tens i ty o f  s e l ec t i o n  would  

be requ i red . Complex gene t i c  cont rol sys t ems , such  as  domi nance and 

l i nkage , would reduce the e f f ec t iveness . 

G i anola ( 1 982 ) repo r t ed that pos i t ive assor tmen t could have a 

large i n fluence on the magn i tude of  the gene t i c  correla t i on be tween t wo 

charac t ers . Unde r  m a t i ng rules t o  change the gene t i c  parame ters  so  t o  
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i ncrease the res ponse to  selec t i on , Fernando and G i anola ( 1 984 )  

r e po r ted  tha t the s ign could be changed wi t h  pos i t ive ass o r tmen t . Kemp 

et al ( 1 986 ) observed in s i mu l a ted s tudy that  only the add i t i ve 

v a ri ance  of  the t ra i t und er  pos i t i ve assor t a t i ve ma t ing was 

s i gn i f i can t ly i n c reased , bu t t he absolu t e  values of the cova r i ances and 

t h e  c o r r e la t i ons were no t s i gn i f i can t ly i n c reased . Fernando e t  al 

( 1 984 )  and Mwenga et al  ( 1 984 )  bo th  repor t ed that there were no 

s i gn i f i ca n t  correla t ed res ponses f rom pos i t ive asso r t a t i ve ma t i ng . 

The e f f e c t of t runca t i on selec t i on on pos i t i ve asso r t a t i ve 

ma t i ng was i nves t i ga t ed by Baker ( 1 9 7 3 )  wi t h  genes o f  equal e f fe c t s  and 

f r equen c i es . Trunca t i on selec t i on gene r a t ed nega t ive correla t i ons 

be tween genes bo t h  wi t h i n  the same loci and a t  d i f ferent loc i , reduced 

t h e  maxi mum correlat ion be tween the paren t s , and there f o re , t ended to 

reduce t h e  e f fec t i veness of asso r t a t i ve ma t i ng .  Bake r ( 1 9 7 3 )  conclued 

t h a t  pos i t i ve assor tmen t cou ld i ncrease t he response by 1 to 1 0% , wi t h  

grea t e r  responses depend i ng mai n ly o n  a h i gh her i tab i l i ty and a low 

se lec t i on  i n t ensi t y . However ,  wh i l e  i n  agreemen t w i th  the general 

resul t ,  Smi t h  and Hammond ( 1 987 a )  c r i t i c i z ed t h i s  mainly because by 

assum i ng tha t the  selec t i on response i s  propor t i onal t o  the geno typ i c  

s t andard devi a t i on , Baker ( 1 97 3 )  had underes t imat ed the res ponse . 

S mi th and Hammond ( 1 987 b )  repo r t ed that  whi le being gene rally correc t ,  

B aker s l i gh t ly under-valued the responses o b t a i ned . 

Tal l i s  and Leppard compared the j o i n t  e f f e c t s  o f  selec t i on 

and pos i t i ve ass o r t a t ive ma t i ng on a s i ngle polygeni c  charac t er (Tal l i s  

and Leppard , 198 7 ) and o n  mul t i ple polygenic charac t ers (Tall i s  and 

Leppard , 1988 ) . V i t h  a s i ngle charac ter , Tallis  and Leppard ( 1987 ) 
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r e po r t ed t h a t the gener a t i on by genera t i on g a i ns were g r e a t es t und e r  

s t raigh t  a s s o r t a t ive ma t ing . Bu t the  to tal  progress was g r e a tes t when 

pos i t i ve ass o r t a t i ve ma t ing and s e lec t i on were comb ined a t  genera t i o n  

z e r o .  The i n t roduc t ion  o f  a second charac ter , us ing a selec t ion  i ndex 

w i t h  pos i t i ve asso r t a t i ve ma t ing , resul ted in  an cons iderable  i n c rease 

over the expec ted ga in  o f  a s i ngle charac t e r  selec t ion , even i f  only 

o n e  o f  t he charac ters was of econom i c  mer i t  ( Tal l i s and Leppard , 1988 ) . 

Sm i th and Hammond ( 198 7 b )  had found that  under index selec t i on , 

a s s o r t a t i v e  mat ing can i ncrease the selec t i on res ponse i n  the  progeny 

c ompared to t he selec t i on on progeny phen o t ype . 

The e f fects  o f  pos i t i ve assor t a t i ve ma t ing on one t ra i t i n  

t he es t i ma t i on of  ca t t le breed ing values us i ng compu ter s i mula t i on was 

exami ned by Kemp and W i l t on ( 1 98 7 ) .  In  the asso r t a t i vely ma t ed t rai t ,  

t he mean p r oduct momen t cor rela t i on be tween the es t i ma t ed breed i ng 

v alue and the  t rue breed ing value was increased . Thi s  was due t o  

i n creases i n  the mean add i t i ve gene t i c  vari ance , mean v a r i ance of  t he 

e s t i ma t ed breeding value , and in the cova r i ance between the t rue and 

t he es t i ma t ed breed i ng values . 
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3 . 1 . 1  Background 

A coopera t ive lean lamb b reed developmen t programme be t�een 

the M i ni s t ry of Agr i cu l ture and F i sheries  ( MAFTech ) ,  the Depa r t men t o f  

Land and Surveys ( Land c o r p )  and Mas sey Un ivers i ty was es t a b l i shed i n  

1 9 8 2  a t  Land c o rp ' s  W i remu block in  Ta ranaki . The i n i t i al obj e c t i ve was 

to develop a s i re b reed whose c ross bred p rogeny ( f rom m a t i ng wi t h  

dual-purpose dam breeds ) would have a hi gh lean grow t h  r a t e  �i t h  

reasonable p rodu c t i on of  non-p igmen t ed woo l  and adequa t e  re p roduc t i ve 

pe r f o rmance . 

I n  order t o  mee t these req u i remen ts , me thods o f  assess i ng 

l e an mea t p r odu c t i on were requ i red . Th i s  i nvolved research on the 

i nher i tance and i n terrela t i onsh i ps be tween gro� t h , carcas s t ra i t s  and 

the  u l t ra-so n i c  probe . Indus t ry s i res f rom 4 breeds ( Romney , Border  

Lei ces t e r , Poll  Dor s e t  and Coopwo r t h )  were ma t ed to  Romney e�es i n  1 9 8 2  

and 1 9 8 3 . Over t h e  t�o year per i od , 1 4 3 1  male and female l a m b  p rogeny 

�ere s laugh t ered and the carcass compos i ton �as determined by chem i c a l  

and d i ssec t i on me thods . Prior  t o  s l augh ter , t he lambs �ere �eighed and 

the backfa t dep th ul t ra-son i cally assessed at  the carcass C s i t e .  The 

gene t i c  and pheno typi c  parame ters of these t ra i t s  have been repor ted by 

P arra t t  et a l  ( 1987a) . 
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The  research was than e x tended t o  i nves t igat e  the  i nh e r i t an c e  

a n d  the  r e l at i onshi ps be tween grow t h , wool and reproduc t i on . Three 

groups of  i ndus t ry s i res ( mos t of  wh i ch were repea t ed from t he earl i e r  

s t udy)  were  selec t ed o n  the bas i s  o f  a pred i c t ed growt h  ra t e  o f  l ean 

t i ssue ( th e  lean growth ra t e  ind ex of  Purchas et al  1985 ) , and e i t h e r  

h i gh o r  low we igh t  adj us ted backf a t . These s i res were t hen ma ted  t o  

Romney ewes , i n  1984  and 1 985 , and t h e  progeny were assessed f o r  

growth , woo l , and rep roduc t i ve t ra i t s . 

3 . 1 . 2  The Da ta Used I n  T h i s  Analys i s  

The grow th  and woo l d a t a  used were recorded from ewe progeny , 

bo rn i n  1 98 4  and 1 985 , of  s i res t ha t  we re f rom three breeds ( Romney , 

Border Le i ce s t e r  and Poll Dorse t ) . These s i res had been s e l e c t ed f o r  

e i t her  h i gh or  low we igh t-adj us t ed u l t ra-son i c  backfa t dep t h . The dams 

used were from the Romney flock  at Landcorp ' s  Wi remu prope r t y . 

Un fortuna t e ly ,  only the low l i ne s i red progeny were avai lable f rom 

1 984 . F r o m  ear l i e r  ma t i ngs o f  these  s i res , t he grow t h  and wool t r a i t s  

were l i nked to  the carcass t rai t s . The separa t i on o f  the  d a t a  se t i n t o  

the  mea t  and wool sub-compone n t s ,  wi th t he number o f  s i res and the  

t o tal  p rogeny per s i re breed for  each  sub- componen t i s  given  i n  Table 

3 . 1 .  



Table 3 . 1 : De ta i ls o f  t h e  number o f  s i res and 

t o tal p rogeny per s i re breed 

and source of data  

S i re Breed  Romney Dors e t  

Source o f  d a t a1 M W M W 

Number o f  s i res 1 3  15  6 4 

Number o f  hogge t s  1 9 3  2 5 2  1 0 1  78 

l ) M=Mea t d a t a ;  W=wool d a t a .  

B . Le i c  

M W 

5 4 

67  7 4  
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The i n forma t i on recorded o n  the  p rogeny i s  given i n  

chronologi cal  order . On all  the progeny at  b i r th :  ewe iden t i ty ( he n c e  

s i re i d en t i ty and d a m  age ) , lamb iden t i f i c a t i on ,  day o f  b i r t h ,  s ex , 

b i r t h  rank , rea r i ng r ank , and lambi ng paddo ck were recorded . I n  

November ,  approx i ma t e l y  7 weeks a f t e r  t he mean b i r t h  da t e , a l l  t h e  

lambs were weighed and t hen were weaned . 

The carcass t ra i t s analysed in  t h i s  s tudy were t hose  o f  maj o r  

impo r t an ce from Parra t t e t  al  ( 1 9 8 7 a ) , wi th  t h e  i nclus ion o f  c a r ca s s 

leng t h . P r i o r  t o  s laugh t er , the an imals were w e i ghed and thei r backf a t  

was ul t ra-soni cally a ssessed a t  the carcas s C s i t e us i ng a AIDD-NZ 

probe . Af ter  s laugh t e r ,  ho t carcass weigh t , carcass leng t h  and the f a t 

dep t hs GR and carcass C were measured . The carcass was then halved f o r  

carcass compos i t i on by chem i cal and d i s sec t i on analys i s  f o r  t o t a l  and 

percent age we igh t s  of  bone , lean , int er-mus cular  f a t  and subcu t aneous  

fa t .  

The ewes i n  t he grow th and woo l  s t udy were we ighed i n  

January , February , and Augus t .  The u l t ra-son i c  backf a t  dep t h  was  

recorded at  the  same  t ime as the Augus t l ivewe i gh t . Lamb fleecewe igh t 

was measured in  February and hogget  greasy fleecewe igh t  i n  O c t ober . A t  

the hogge t shear i ng , mid-side  samples wer e  taken for  add i t i on a l  

analys i s .  

Mid-s i d e  wool samples 

unde r t aken at �ha t awha t a  H i l l  

were 

Coun t ry 

s tored un t i l  analy s i s  w a s  

Research S ta t i on a n d  M as s ey 

Uni ver s i ty  in  January 1988 . P r i o r  to any wool  met rology measuremen t s , 

the samples were cond i t i oned a t  20° C and 65% relat ive humi d i ty for  48 
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hours . From t h e  cond i t i oned s ample an approxima t el y  20g sub-sample was 

removed ( wi t h  t he a c t ua l  we igh t  be i ng recorded ) for  fur t h e r  analys i s . 

A t  t he same t ime , s taple leng th  was measured on  two rando m ly d rawn 

s t aples and t h e  average length was recorded ; care was t aken t o  avo i d  

s t r e t c h i ng t h e  s taples during the measuremen t .  I f  these two  s taples  

were wi d e ly d i f feren t , a t h i rd was d rawn and t he average of  all  t hree 

was taken . 

Each 20g sub-sample was l i gh t ly hand- carded b e f o r e  b e i ng 

placed i n  a wash bag for  scou r i ng . The samples  were s coured us ing 

t h r ee t w i n  t ub hoverma t i c  wash ing mach i nes . A l l  machi nes were  f i l led 

w i t h  warm wa t e r  and we re topped up when neces sary . The f i r s t  machine  

had  60m l s  o f  d e tergen t added i n i t i a l ly , wi th a fur t her 20mls  was  added 

a f t er every 1 6  samples . The second mach i ne had 40mls a t  t h e  out s e t , 

whi le the  t h i rd was used as a r i nse . The samp les were washed i n  groups 

of  four for 3 to 4 minutes  in each mach ine , before bei ng s pun b r i e f ly 

( le s s  than 30 s econds ) t o  remove the  excess wa t e r . The s am p les were 

then t rans f e r r ed to the next  mach i ne . A f t e r  r i ns i ng ,  the samp les  were 

teased out and d r i ed in an oven for 3 to  4 m i n u tes a t  approxima t e ly 

100° C ;  care was t ake t o  avo id  overd ry i ng . Af t e r  d ry i ng ,  t h e  samples 

wer e  cond i t i oned for  48  hours before being we i ghed . Th i s  a l l owed t he 

calcula t i on o f  percen t age c lean scoured yi eld as : 

YIELD=clean sampl e  wei gh t *100/greasy sample weigh t .  

Clean f leecewe igh t  was t hen calcula ted as : 

CFWT=greasy fleecewei gh t *YIELD / 100 . 

The s coured samples were hand carded and a lOg carded sample 

was weighed o f f . Th i s  lOg sample was used to  measure loose wool bulk 
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us i ng t h e  WRONZ Bulkome t e r . Loose wool bulk i s  d e f i ned a s  t h e  volume 

occupi ed by a f ixed mass o f  woo l  unde r  a f ixed force p e r  uni t a r e a  

( B i gham e t  a l , 1 984a ) . Th i s  i s  s l i gh t ly d i f fe rent  to  the  Aus t r a l i an 

sys tem o f  res i s tance to  compre s s i on .  Res i s tance t o  compres s i on i s  

d e f i ned as  the force p e r  uni t area requi red t o  compress a f ixed mass o f  

woo l  i n t o  a f ixed volume ( Teasdal e , 1 9 8 7 ) .  F o r  wool there i s  an l o o s e  

relat i ons h i p  be tween bulk and res i s tance t o  compress i on ,  b u t  i t  i s  

general l y  cons i dered t ha t  bulk i s  be t t e r  for  New Zealand wools and 

res i s t ance  to compress i on for me r i no type woo l s  ( Teasdale , 1 98 7 ) .  The 

procedure used to  measure bulk was an aut o ma t ed vers i on of t h a t  

descr i bed b y  B i gham e t  a l  ( 1 984a ) : 

1 )  load the lOg sample i n t o  the  cyl i nder  o f  the bulkome t e r , 

2 )  load the sample  to  a pressure o f  30 g f / cm2  for  30 s econds , 

3 )  remove the load and al low 30 sec for re covery , 

4 )  load the sample  t o  30 gf/ cm2 for 30 sec , 

5 )  r emove t he load and al low 30  sec for r e c overy , 

6 )  load the sampl e  t o  10 g f / cm2  for  30 sec , 

7 )  t h e  load was t hen removed and t he he i gh t  o f  the woo l  

was measured , and 

8 )  t hen the loose wool bulk was calcula t e d  au t oma t i ca l ly . 

The yellow c olour of scou red wool can be a maj o r  concern i n  

fu ture colouring o f  the f inal produc t ( E l l i o t t ,  1986 ) . The scoured 

colour o f  wool can be  described o bj e c t i vely by meas u r i ng t h e  Comm i s i o n  

Internati onale de l ' Ecla irance ( 19 7 1 )  t r i s t i mulus values X ,  Y ,  and z .  

The Y-Z value was considered by Edmunds ( 1 9 7 7 )  as a good ind icator o f  

yellowness of a scoured wool sample . The tri stmulus values Y and Z 

were measured on the lOg sample in an Instrumental Colour Systems 



D i g i t a l  colorimeter  ( Bigham e t  al , 1984b ) . 
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The lOg samples were then t rans fe rred t o  Massey Uni vers i ty 

a n d  t he mean f i b re d i am e ter  was measured us i ng t he ai r f low t echn i que 

( va n  Lui j ke ,  1984 ) . A 3g  sample was o b ta i ned and packed i n t o  a 

chambe r .  The asso c i a t ed reduc t i on in ai r p ressure  was then recorded . 

T h e  sample was then repacked and a fur ther read i ng was taken . The mean 

f i b re d i ame t e r  was t hen calculated f rom t he aver ag e  redu c t i o n  i n  a i r  

p ressure . 

The l i s t  o f  t ra i t s  analysed and the  a b b reva t i ons used are 

s hown i n  Tab le 3 . 2 .  



Table 3 . 2 : The l i s t  o f  t rai t s  and t h e i r  abbreva t i on s  

a ) Recorded i n  t h e  Wool Componen t :  

Weani ng Weigh t 

J anuary Weigh t 

Febuary We igh t 

Augus t We i gh t 

Backfat  UFD 

AWT adj us t ed UFD 

Lamb f leecewe ig h t  

Hogge t Greasy f leecewe igh t  

Hogget  Clean f leecewe ight 

Clean Scoured Yield 

S taple leng t h  

Loose  Wool B u l k  

Mean Fi bre D i am e t er 

Scoured colour 

( co n t . )  

W\JT 

JWT 

FWT 

AWT 

UFO 

AUFD 

LFWT 

HF\JT 

CF\JT 

Y I E LD 

STLEN 

BULK 

MFD 

CO LOUR 
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b ) Recorded i n  t h e  Meat Componen t :  

Mea t Weani ng W e i gh t  

?re-s laugh t e r  l ivewe ight 

Pre-slaugh t e r  UFD 

P LWT adj us t e d  UFO 

Hot Carcass We i gh t  

Carcass Leng t h  

Carcass GR 

Carcass C 

T o t al Subcu t an eous Fa t 

Percent  Subcu t . Fa t 

T o t al I n t e rmus . Fat  

Percen t  I n t ermus . Fa t 

T o t a l  Lean 

Percent  Lean 

To tal  Bone 

Percen t Bone 

MWWT 

PLWT 

PUFD 

PAUFD 

HCWT 

CLEN 

GR 

c 

TSF 

PCSF 

TIF 

PCI F 

TLEAN 

PC LEAN 

TBONE 

PCBONE 
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The a n i mals used i n  t h i s  s tudy were from s i res tha t had been 

s e l e c t ed on the bas i s  of e i ther h i gh or low ul t ra-s oni c backf a t  s can . 

Th i s  mean t the  in forma t i on recorded was more correc t l y  o b t a i ned under 

the a ssump t i on of pos i t i ve asso r t a t ive  ma t ing ra ther t han random 

ma t i ng . There f ore , a pos i t ive assor t a t ive ma t in g  analy s i s  was 

cons i dered to be a more appropr i a t e  t han a random m a t i ng analys i s , t o  

a cc oun t f o r  the  pheno typ i c  co rrela t i on t h a t  was i nd uced be tween t h e  

m a t e s . There fore , depend i ng on the heri tabi l i ty o f  the  t ra i t 

conce rned , a gene t i c  correl a t i on would be induced be tween mates , and 

t h i s  would resu l t  in  an increase in  the varia t i on b e t ween fam i l i es f rom 

t h a t  o b t a i ned by random ma t i ng ( Yr i gh t , 1 9 52 ) . Thus , any es t ima t es o f  

var i ance and cova r i ance componen ts would  be b i as t o  the  generally  

exp e c t ed componen t s  ob tained under rand om ma t i ng . 

Reeve ( 1 953 ) deri ved the rela t i onshi p  b e tween parame ters  

es t i ma ted und e r  e i ther pos i t i ve ass o r t men t ,  selec t i on t o  i nc rease the 

v a r i ance , o r  b o t h , and the equivalent parame t ers es t i mated und e r  random 

ma t in g . Wi t h  r egress i on on the mi d-paren t value , the es t i ma tes o f  the 

v a r i ance and cova r i ance componen ts wou l d  not be  biased . However ,  

Y r i g h t ( 1952 ) h ad previ ously c r i t i c i sed t h i s  res u l t  o n  the bas i s  t h a t  

ass o r t a t ive ma t i ng mus t i nduce correla t i ons be tween non-ad d i t i ve 

gene t i c  e f f ec t s  and t heref o re , i n t roduce unpred i c t able b i as . Reeve 

( 19 6 1 ) repl i ed by showing t hat  the b i as would be negligi ble  provided 
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t h a t  a l l  i n d i v idual gene subs t i t ion ef fec t s  were  small compared t o  t h e  

pheno typ i c  s tandard dev i a t i on o f  the charac ter . More recen t ly ,  

Gimelfarb  ( 1985 ) repor ted that  t he resul t of  Reeve ( 1 96 1 )  per t a i ne d  

only t o  t h e  model o f  Fi sher ( 1 9 18 ) , a s  used b y  Reeve ( 195 3 ) , and t h a t 

wh i le reduc ing the  samp l i ng va r i ance , asso r t a t i ve ma t i ng could a l s o  

b i as t h e  es t i ma t ed m i d-paren t regress i on value . 

� i th hal f - s i b  analys i s , the bi as in  t he parame t e rs o b t a i ne d  

under pos i t ive asso r t men t , rela t i ve to  random ma t ing , wou ld be d u e  t o  

the c l o s e r  wi t h i n  famly relat i onsh i ps and t o  grea t e r  b e t ween fam i ly 

rela t i on s h i ps , i n  a s i m i lar manner to  inbreed i ng ( Reeve , 1 9 53 ) . 
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From path  analys i s  methodology , Reeve ( 1 953 ) d e r i ve d  t he 

f o l low i ng formulae t o  correct  for t h i s  b i as : 

( 3 . 1 )  h 2 = - 1 + [ 1 +4LG ( 1-�G ) ] � 
w 

( 3 . 2 )  r 
g 

( 3 . 3 ) h 2 
t 

Gwt 

2L( 1 -1hG ) w 

G t  

Where Gw , and h� = t h e  uncorre c t ed and corr e c t ed 
heri tabi l i t i es o f  t ra i t  w ,  
respec t i vely , 

Gwt and r g 

G t  and h 2 
t 

L 

t he uncorrec ted  and cor r e c t ed gene t i c  
correla t i on be tween the  t ra i t s  w and t ,  

t he uncor rec t ed and c o r r e c ted 
her i tab i l i t i es of t ra i t t ,  and , 

change in  the m i d - paren t v a r i ance 
of trai t w .  



F i gure 3 . 1 :  The e f fe c t o f  the change i n  the M i d-pare n t  
Variance ( L )  o n  t h e  H e r i tabi l i ty ( h2 ) w 

o f  an Pos i t i vely Asso r t a t i vely Ma ted T r a i t .  
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Change I n  Mid-Paren t Vari ance ( L ) . 
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h e r i tabi l i ty 

es t imates  i s  s hown i n  Figure 3 . 1 .  I t  should be no t ed t h a t  due t o  t h e  

n a t ure o f  Equa t i on ( 3 . 1 )  t h a t  the correc t ed heri t ab i l i ty ( h 2 ) c a n  never w 

equal t he o r i g i nal her i tabi l i ty ( Gw )  ( i . e L cann o t  be z e ro ) . Reeve 

( 1 9 5 3 )  n o t ed t ha t  t he fo rmulae wer e  of the same form whe ther  t h e  

paren t s  were asso r t a t i ve ly ma ted or  selec ted so  a s  to  i n c r ease t h e  

pheno typ i c  var i ance o f  one chara c t e r  under t he as sumpt ion  o f  add i t i ve 

gene e f f ec t s . Fur t he r ,  the rela t i onsh i p  depended only on the  

m i d-paren t var i ance and the values  Hw  and Rw t .  The e f f e c t on the  

m i d -paren t var i ance by the degree of  asso r t a t i ve ma t ing ( M )  and 

s e le c t i on to c hange t h e  var iance ( K )  is given by the rela t i onsh i p  

( l + L ) = ( 1 +K ) * ( 1 +M ) , where K and M re l a t e  t o  the ra t i o  of t h e  selec ted  

parent  vari ance  to  t he base po pula t i on  var i ance ( Reeve , 1 9 5 3 ) . Prou t 

( 1 9 5 8 )  s i mp l i f i ed the formulae o f  Reeve ( 1 953 ) a f t e r  i t  was observed 

t h a t  Reeve ' s  assump t i on for hal f - s i b  analys i s , t hat  the envi romen t a l  

cond i t i ons under  wh i ch the progeny were raised t o  be the same a s  the  

paren t s ' envi ronmen t , was  unnecessary . 
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3 . 2 . 1 . 2  Be tween-Breed Parame t er s  

D i ckerson ( 1969 and 1 9 7 3 )  presen t ed models o f  t h e  gene t i c  

compon e n t s  i n  a c rossbreed i ng s i t ua t i on ,  where each componen t was 

def i ne d  as a mean deviat ion in o f fs p r i ng performance f rom the average 

per f ormance for t he purebreds of a s pec i f i ed se t of breeds . However ,  

t he i r  e s t i ma t i on p rocedure was no t d i s cussed and t h i s  has resu l t ed i n  

o ther  au t hors ( e . g  Alenda et  al , 1 980 ; Robi s on e t  al , 1 98 1 ; 

Cunni ngham and Magee , 1988 ) u s i ng regress i on techn i ques . 

Taylor ,  in  a series  o f  papers  ( Taylor 1 9 7 6 a  and 1 9 7 6 b ; 

Tay l o r  and Thi es sen , 1984 ; Taylor  and Hnizdo , 1987 ) ,  des c r i bed 

expe r i me n tal des i gns for mul t i - b reed compa r i sons and t he es t i ma t i on o f  

mul t i - b reed parame ters . These mu l t i -breed d e s i gns are charac t e r i z ed by 

t he t e s t i ng of a large number o f  breeds in l imi ted faci l i t i es by us i ng 

few s i re s  per breed w i th few o f f s pr i ng per s i re ,  t o  o b t a i n  a reasonable  

assessmen t of  be tween-breed rankings . The  use of  t hese des igns in  

mul t i - b reed ca t t l e  compa r i s ons have been repor ted by  T h i essen et  al  

( 1 984 ) , T h i essen ( 1985 ) , Thiessen  e t  al ( 1985 ) , and Taylor  and Hurray 

( 1 987 ) .  In a t o pcross Bos t aurus cat t le experimen t ,  Cund i ff e t  al 

( 1 986 ) p rovi ded s l igh t ly mod i f i ed formulae o f  t he mul t i -b reed 

parame t e r s  of  Tay l o r  ( 1976a  and 1 9 7 6 b )  for a crossbreed i ng s i t ua t i o n . 

Cund i f f  e t  al ( 1 986 ) assumed t ha t  t he d i f ferences be t ween t he 

cross-bred  ani mals es t i ma t ed on ly one-hal f o f  t he gene t i c  d i ff erence 

be t ween t he paren t a l  pure-bred an i mals . Such t ha t  the be tween-breed 

var i an c e  es t ima ted 

be t ween-breeds , p l us 

d i f feren t i al effec t s  

only one-quar ter  o f  t he add i t ive gene t i c  vari ance  

the  non-ad d i t i ve gene t i c  var i ance  due to  

of  the i n d i v idual h e t eros i s  amongs t t he d i f feren t 
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b r eeds i n  t he crosses . I t  was fur t her  assumed that  t h e  d i f fe r en t i a l  

e f fec t s  o f  he teros i s  were small i n  rela t i o n  t o  t h e  w i t h i n-breed 

add i t ive e f fec t s . 

3 . 2 . 2  The Analys is  Procedure 

A hal f-s i b  analys i s  was undert aken based on the p rocedures o f  

Reeve ( 1 9 53 ) , Taylor  ( 1976a )  and Cund i f f  e t  a l  ( 1 986 ) . The  knowledge 

of t he c l as s i f i ca t i on of s i res on u l t ra-soni c backfat  dep t h  was i gnored 

and t he s i res were nes t ed wi t h i n  t he i r  b reed class i f i ca t i on . Us i ng t h e  

me t hod o f  f i t t ing cons tan t s  ( Searl e , 1 9 7 1 ) ,  t he data  was c o r r e c ted f o r  

t h e  non-gen e t i c  e f fe c t s  and t he mean square values o f  the  random 

e f fec t s  were  then equa ted t o  t he i r  respec t ive expec ted values ( Table 

3 . 3 ) .  The S ta t i s t i cal  Analys i s  Sys t em ( SAS , 1985)  was used  for  the 

analys i s . 



Table 3 . 3 :  Coe f f i ci en t Of  the Expec t ed Mean 

Squares For  the Voo l T rai ts  

Source Be t�een-Breed 

B e t�een-Breed 1 04 . 98 

B e t�een- S i r e  0 . 00 

Res idual 0 . 00 

Be t�een- S i re 

18 . 49 

16 . 59 

0 . 00 

Res i dual 

1 . 00 

1 . 00 

1 . 00 
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I n i t i a l ly , the d a t a  was exami ned t o  t e s t f o r  s i gn i f i can t 

non-gene t i c  e f fe c t s  and f i rs t - o rder  i n tera c t i on s . In a l l  cases , t he 

f i rs t -o rder  i n t e rac t i ons were  found t o  be non-s igni f i can t and o n ly the  

s igni f i can t n on-gene t i c  e f fec t s  ( a t  a 5% cr i t i ca l  l evel ) were  i n cluded 

in t he mod e l . The full l i near model  f i t ted to t he data represen t i ng 

t h e  woo l  t rai t s  was : 

Xij kmn = Yi + Aj + Rk + Lm + DPij kmn +E i j kmn , 

where X i j kmn 

Yi 

Aj 

Rk 

Lm 

P i j kmn 

0 

E i j kmn 

an observa t ion  on the n t h  a n i mal i n  

the i th year , f rom the j th dam age 

class , of the k t h  b i r t h  rank , 

born i n  the m t h  lam b i ng padd o ck , 

the f i xed e f fec t o f  the i t h year , 

the f i xed ef fec t o f  the j th dam age , 

the f i xed e f fec t o f  the k t h  b i r th rank , 

the f i xed e f fec t o f  the m t h  l ambing paddock , 

t he ( coded ) da t e  o f  b i r t h  o f  t h e  i j kmn t h  

an i mal , 

the  c o e f f i c i ent  o f  the regres s i on o f  X i j kmn 

on P i j kmn , and , 

the random res i dual o f  t he n t h  animal , t he 

res idual  e f fe c t s  were as sumed t o  be 

independen t ly and i den t i ca l l y  d i s t r i bu ted 

w i t h  mean zero and var i ance E .  

The t rai t ADUFD was adj u s t ed for  Augu s t l ivewe i gh t  before 

f i t t ing the mode l .  The model was mod i f ied t o  i n clude the s ex e f fec t s  

be f ore f i t t in g  t o  the mea t d a t a . I n  add i t i on , PAUFD was adj us t ed f o r  
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PLVT , and also CLEN and the o the r carcass t ra i t s  were adj us t e d  f o r  t h e  

ho t c a r cass we i gh t  before the  model was f i t ted . 

A f t e r  adj us t ing f o r  the above men t i oned non-gene t i c  e f fe c t s , 

the  e s t i mates  o f  the var i ance and t h e  cova r i ance componen t s  we re 

o b t a i ned by f i t t i n g  the following model and equa t ing t he mean s quares 

t o  t h e i r  expe c t ed values : 

Z i j k  = B i  + S i j  + Eij k ,  

where Zij k = adj us t ed observa t i on o f  t he k t h  ani mal f r o m  

j th s i re i n  t h e  i th s i re breed , 

B i  t he random e f fect  o f  t he i th s i re breed , s i r e  

b reed e f f e c t s  are assumed to  b e  i ndependen t ly 

and iden t i cally d i s t r i bu t ed w i t h  mean zero  and 

variance B ,  

S i j  t he random e f fect  of  the  j th s i re from the  i th 

s i re breed , s i re e f f e c t s  are as sumed to  be 

i ndependen t ly and iden t i cally d i s t r i bu t ed wi th  

m ean zero  and var i ance S ,  and 

E i j k  a random res i dual unique  to  t he k t h  

observat ion , res idual e f f e c t s  are as sumed t o  

be  independen tly and i d en t i cally d i s t r i bu t ed 

w i th mean z ero and var i ance E .  

Fur t hermore , s i re breed , s i re and res i dual e f fe c t s  were 

assumed to  be mu t ua l ly independen t . 

For t h e  ease of  managemen t ,  t h e  t ra i t s  were  spl i t  i n to four 
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groups : the  wool t rai t s , t he l i vewe igh t  grow t h  t rai t s ,  t h e  carcass 

d i mens i on t rai ts , and the carcass componen t trai t s . The var i ance and 

cova r i ance componen t s  wer e  then es t i ma t ed wi t h i n  each group of t rai t s . 

The  covari ance  componen t s  be tween t rai t s  in  d i f f eren t groups wer e  

es t i ma ted us i ng t h e  var i ous combina t i ons o f  t w o  groups i n  each 

analys i s .  Thi s  procedure had the added advan tage of m i n i m i s i ng the 

e f f e c t s  of m i s s i ng data and the unbalanced nature  of  t h i s  exper i men t .  

From  a p r e l i mi nary analy s i s ,  there was l i t t l e  d i fference i n  the  

magn i tude of  these  compon e n t s  compared to  analys i ng al l t he t rai t s  

toge ther . 

3 . 2 . 3  The Es t ima t i on O f  Her i t abi l i ty 

The es t ima t i on o f  the her i t abi li ty o f  a t rai t can be 

de t e rm i ned in  two ways . I t  can be ass umed tha t  t he variance componen t s  

were  ob tained wi t h i n  a s i ngle breed , so t h a t  t he a w i t h i n  breed 

her i tabi l i ty was es t ima t ed as : 

Hp = 4*S / ( S  + E )  

where Hp = the  wi thin-breed heri tab i l i ty ,  

S the w i t h i n-breed , be t ween-s i re var i ance 

componen t ,  and 

E the wi t h i n- b reed , wi t hin-s i re var iance componen t . 
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T h e  approxi ma t e  s tandard e rror  o f  t h e  her i tab i l i ty was g iven by 

Swi ge r  e t  al ( 1964)  as 

S . E ( Hp ) =  4 1 [ 2 ( n . -1 ) ( 1- t ) 2 ( 1+ ( k1- 1 ) t ) 2 

kt ( n .  - S ) ( S- 1 )  

where  n .  t h e  t o tal  number  of  observa t ions , 
s t he number o f  s i res , 
t t h e  i n t raclass correla t i on , 

H p  

kl 
1 

( n . - En 2 In  . ) 5-" 1 1 

Al t e rna t i vely , Cund i f f  e t  al ( 1 986 ) assumed t h a t  t h e  

d i f f erences be tween s i re breeds es t i ma t ed one-h a l f  o f  the  gene t i c  

d i f f e rence t h a t  could b e  expe c t ed i n  a pureb red . Thus , t he 

b e t ween-breed var iance e s t i mated one- four th o f  the  add i t i ve d i re c t  

gene t i c  vari ance  between s i re breeds , p lus the non-add i t ive gene t i c  

var i ance due t o  di fferen t i al  e f fec t s  o f  the i n d i vi dual he t eros i s  

amongs t the d i f fe ren t breeds i n  the crosses . I t  was also as sumed that  

the  var i ance due t o  d i f fe rent ial  e f fe c t s  of  he t eros i s  were  s ma l l  

re l a t i ve to  t he d i re c t  add i t ive var i ance wi t h i n  a breed . I n  a 

popula t i on o f  f i rs t -cross  an imals , the expec t ed value o f  the  be tween 

breed  mean square is  one-quar ter  of  the be tween b r e ed var i ance . The 

de f i ni t i on of a f i rs t -cross  an imal i n  t h i s  case woul d  be when t he s i re 

was o f  a d i f fe rent  gene t i c  s ource , whe ther  i n  t erms o f  breed o r  s t rain , 

t han the dam . 



There fore , an  es t i ma t e  o f  the b e t ween- breed h e r i t ab i l i ty i s :  

Hx 4 * ( B  + S ) /  ( 4*8 + S + E) , 

whe r e  Hx the be tween -breed h e r i t ab i l i t y ,  

B t he b e t ween -breed va r i ance componen t ,  and 

S and E are d e f i ned as above . 

The approx i ma t e  s t andard error o f  t h i s  he r i t ab i l i ty was 

g i ven by B e cker ( 1984 ) 

The approx i ma t e  s t and ard error o f  t h i s  he r i t ab i l i ty was 

g i ven by B ecker ( 1984 ) : 

S . E . ( Hx ) =  /( var  Hx ) 

wh e re var Hx = 4 [ var B + var S + 2 c ov ( B S ) ] /  ( B  + S + R ) 2 

cov ( B S ) = [ var B- k?var S ]  
kl k3 

MS= Mean Square 

k1 =_1_ ( n . - En� / n . ) 
m - 1 ' ) b 

mb = numb e r  o f  breed s 
m = numb e r  o f  s i res  per breed , and 5 
n .  = t o t a l  number o f  o bserva t i ons . 
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mul t i -b reed 

parame t e r s  can be es t ima t ed f rom the fo rmulae prov i d ed by Tayl o r  

( 1 9 7 6b ) . O f  par t i cu la r  impor t an c e  i s  the  rat i o  o f  b e tween breed  

gene t i c  t o  t o tal  gene t i c  var i ance : 

Hr=  B / ( S+B ) 

whe r e  Hr=ra t i o  o f  be tween br e ed gene t i c  var i ance 

t o  the  t o tal gene t i c  var i ance , 

B ,  and S are as previ ously d e f i ned . 

The s t andard e r r o r  was given by Taylor  ( 1 9 7 6 b ) . 

S . E . ( H r ) =  /( var Hr ) 

var H r  2 [ X  + Y + Z ]  

( Pb + P s ) 4 ( JK)  2 , ) 
X= p: [ 1 + ( K-1 ) pr + ( JK- 1 ) p9 ] 2  

I - 1  

pb = B I  ( B + S +R )  
p = S I ( B + S+R)  s 
I =  number  o f  breed , 3 ,  
J =  number  o f  s i res  per  breed , 8 ,  
K= numbe r  o f  pr ogeny per s i re , 1 7 . 



3 . 2 . 4  The Es t i ma t i on o f  the Correla t i ons 

page 65 

Informa t i on i n  the l i t er a t ure on t h e  theory of parame t e r s  i n  

cross-bred  popula t i on s  o r  i n  the  develo pmen t  o f  syn the t i c b reeds  was 

s carce . The sources o f  the i n forma t i on used were Taylor  ( 1 9 7 6 a , b ) , 

Taylor and Hn i zdo ( 1 9 8 7 ) ,  and Cund i f f e t  a l  ( 1 986 ) . Wh i l e  the f o rmulae 

f o r  e s t i ma t i ng var i ous mul t i - b reed param e ters were gi ven , t he i r  

appl i ca t i o n  o r  mean i ng was no t adequa t e ly d i s cussed . 

The conce p t  o f  b reeds i s  bas ed on t h e  as sump t i on tha t s i re s  

w i t h i n  t he same breed have d i f f e r e n t  gene t i c  m a t e r i al t han s i r es  w i t h i n  

ano ther  breed . The r e fore , any analys i s  i nvo l v i ng s i res f rom d i f f e r e n t  

breeds would need t o  n e s t s i res w i t h i n  t he i r  respec t i ve breed s . The 

de c i s i on t o  t reat  the breed and s i res nes t ed wi t h i n  breed as random 

e f fe c t s  was because t hey represen t ed samp l e s  f rom t he sheep popula t i on . 

Under a prel i m i nary ana lys i s  i t  was o b s e r ved that  the res i d u a l  

cova r i ance  componen t s  were s i m i lar  when b r e e d  was t reated as e i t h e r  a 

f i xed e f fec t o r  a nes t ed random e f f ec t . 

By f i t t i ng b reed and s i re nes t ed w i t h i n  b reed as rand o m  

e f fe c t s , t h ree es t i ma t es o f  covar i ance componen t s  could be o b t a i n e d . 

Based on these compon en t s , Cund i f f  e t  al ( 1 9 8 6 ) provi ded formulae t o  

es t i ma t e  a be tween - b re ed gene t i c  correla t i o n ,  a wi t h in-breed gene t i c  

co r rela t i on ,  a to tal  gene t i c  ( the  sum o f  the be tween-breed and 

be tween- s i re var i ance and cova r i ance componen t s ) , and a wi t h i n- b re e d  

pheno typ i c  correla t i on . However ,  i n  the d a t a  s e t  emp loyed i n  t h i s  

s tudy , t h e  be tween-breed correla t i on would have n o  val i d  mean i ng unde r  

a l imi t e d  b reed cho i ce and i ncomp l e t e  r e c i procal cross i ng . I n  
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add i t i on ,  to be i ng s t rongly i n f luenced by 

o b s e r v a t i ons per b reed . The be tween-b reed 

the number o f  breeds  and 

and t he be t ween - s i re 

var i an c e  and cova r i ance componen t s  could be  comb ined to  o b t a i n  a t o t al  

gene t i c  correla t i on , but  woul d  be b i ased due t o  non-add i t i ve gene t i c  

e f f e c t s  and wou l d  be s t rongly i n fluenced by the  magn i t ud e  o f  the 

b e tween-breed componen t .  

For the  es t imates o f  the wi t h i n-breed c o r rela t i ons  t o  be 

va l i d , i t  mus t be assumed t ha t  t he gene t i c  var i a t i on con t a i ned in the 

be twee n - b reed componen t s  i s  negl i g i b l e  i n  compa r i son t o  the 

b e tween- s i re var i a t i on .  (Wh i ch may o r  may n o t  be val i d  cons i de r i ng t he 

range o f  es t i ma t es  for H r ) . The wi t h i n - b reed gene t i c  and pheno typ i c  

co r r e l a t i ons wou l d  be  less b i as ed b y  the be tween- breed e f f e c t s  s i nce 

they would p e r t a i n  only to  the var i a t i on that is o b s e rved be tween the 

s i res , par t i al ly correc t ed for b reed d i f f e rences . 

The w i t h in-breed cor r e l a t i ons were calcula t ed wi t h i n  each o f  

t h e  two d a t a  s e t s  t o  give t he gene t i c  and pheno t y p i c  c o r r e la t i ons . 

S t anda r d  e r rors  were not  calcula t ed because  i t  was cons i dered tha t the 

t h eory of  s t andard e r rors for t h i s  type o f  analys i s  was i nadequa t e . 

The w i t h i n-breed gene t i c  corre l a t i on was calcula t ed a s : 

Rg ( CovS ) / sq r [ ( S ) i * ( S ) j ] 

where Rg 

( S ) i  

( S ) j  

t h e  w i thin-breed gene t i c  c o r r e la t i o n , 

the be tween-s i re var i ance o f  the  I t h t ra i t ,  

the be tween- s i re v a r i ance o f  the  J t h  t ra i t ,  and 
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t he be tween- s i re cova r i ance be tween the  two t ra i t s .  

The w i t h i n-breed pheno typ i c  c o r r e la t i on , Rp , was calcula t ed as : 

Rp Cov ( S+E ) / ( s q r  [ ( S +E ) i  * ( S+E ) j ]  

wher e  Rp the  wi thin-breed pheno typ i c  correla t i on ,  

( S+E ) i  t he t o tal  wi t h i n-b reed var i ance o f  the i t h 

( S+E ) j the t o tal wi t h i n-b reed var i ance of  the j th 

and 

Cov ( S + E )  the t o tal  wi t h i n- b reed cova r i ance be tween 

t ra i t s . 

t ra i t ,  

t ra i t ,  

t he two 

The rela t i onsh i p  be tween two t rai ts recorded on two d i f f e re n t 

i nd i v i d u a l s  i n  d i f f erent  env i r onmen t s , bu t wi th  the same s i r e i s  s hown 

in F i gure 3 . 2 .  

pa t h  analys i s : 

The gene t i c  c o r rela t i on , Rsg , can then be s o lved by 



F igu r e  3 . 2 :  The Path  Analys i s  D i agram o f  the Rela t i ons h i p 
Be tween t h e  Two Data Se t s  

Rsg 

Ysg 

1
sg

\� 

X g l Xpgm 
� �� 
T' � l 

d

-Id 

Y p:\/P, 

X p Ypp 
Rxy 

Rxy=dH1/2Rsg1hi + dHlf2Rsg1hi n ( n- l ) u e  + dm ( m- l ) t H1/2RsgiH e 
+ d m ( m- 1 )  t Hlf2Rsglf�In ( n - 1 ) ue 

=!HIRsgd e [ ( l +m ( m- l ) t ) ( 1 +n ( n- l ) u ) ] 4 
b u t  varx= 1 =md 2 + m ( m-l ) d 2 

and hence d = [ 1 / ( m ( 1 + ( m- 1 ) t ) ] � 

s i m i lar i ly , 
e = [ 1 / ( n ( l + ( n- 1 ) t ) ] � 

There fore , 
Rxy=!HIRsg [ mn / ( l + ( m- l ) t ) ( 1 + ( n - l ) u ) ] � 

tt-
Rearrang i ng t o  
Rsg=4Rxy/ [ H I ( mn/ ( 1 + ( m- 1 ) t ) ( 1 + ( n - l ) u ) ) � ] 

where Rxy= t h e  cor rela t i on be tween t h e  means x and y ,  
h =  square  roo t o f  t he heri t ab i l i ty o f  x ,  
i =  square  roo t o f  the her i t ab i l i ty o f  y ,  
m =  mean number o f  progeny per s i re ( 1 7 )  f o r  t rai t x ,  
n =  mean numbe r  o f  progeny per s i re ( 1 5 )  f o r  t rai t y 
t =  I n t ra-class c o r r e la t i on f o r  t rai t x ,  

1 H 2 , 
4 

U= I n t ra-class c o r r e la t i on f o r  t rai t y ,  
1 1 2  • 

4 
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T h e  c o r r e l a t ion be tween t h e  means values o f  x a n d  y was 

e s t i ma t ed us i ng o n ly the s i re s  that  had been repea t ed in b o t h  d a t a  

s e t s . T h i s  mean t t h a t  there w e r e  l e s s  s i res  i nvolved t han i n  the 

e ar l i e r  analys i s . The t rai t s  were correc t ed for  the e f fe c t s  o f  b re ed 

and the  non-gene t i c  e f fec t s , and the mean value o f  each t ra i t was 

calcul a t e d  for each s i re .  The correla t i ons  be tween these  mean values 

were then calcul a t ed for each pa i r  of  t ra i t s . The es t i ma t es of h and i 

were t aken d i re c t ly f rom Table 4 . 3 , and the re fore , are l i kely t o  be 

s l i gh t ly d i f f erent  t han if  h and i had been calculated w i t h the  breeds 

t r ea t e d  a s  f i xed e f f e c t s . The values of  t h e  progeny per s i re were mean 

values , bu t t h i s  i s  u n l i kely to e f fec t the f i nal resu l t  due to the 

large s t andard e r r o r s  i nvo lved . The phenotyp i c  cor r e l a t ion  was n o t  

o b tained  due t o  the  unknown r e l a t i onsh i p  b e tween t h e  two da ta s e t s .  



CHAPTER FOUR 

RESULTS AND DI SCUSSION 

4 . 1 Leas t Squa r e  Means o f  t h e  Progeny 
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The Romney s i re breed leas t s q uare means are shown i n  Tab l e  

4 . 1 ,  w i t h  t h e  Do rse t ( D )  and Borde r L e i ce s t e r  ( B L )  breed means gi ven 

r e la t ive to  the  Romney ( R ) . The breed means provide an i nd i ca t i on o f  

t he var i a t i on t ha t  i s  p resen t  i n  t h e  popula t i on and the n e c e s s i ty t o  

a cc oun t for b r e e d  i n  any f u r the r analys i s .  Wh i le the B L  and D p rogeny 

would con t a i n  an h e t e r o s i s  componen t ,  i t ' s  magn i tude wou l d  no t be 

i d en t i f i able due to  i n comp l e te reci procal  ma t i ng . 

The B L- c ross pr ogeny were s u p e r i o r  i n  f lee cewe i gh t  and s t a p l e  

l eng th compared w i th t h e  R and D-cross  progeny , w i t h t h e  R p rogeny 

s u p e r i o r  to t he D-cross  progeny . There were s i gn i f i can t b r e e d  

d i f f e rences i n  y i eld , mean f i bre d i ame t e r  and c o l our , bu t t h e  ac t u a l  

d i f f erences we r e  smal l .  The d i f f e re n ces i n  loose woo l b u l k  were i n  

agreemen t w i t h  Dunlop e t  a l  ( 1 97 4 )  and E l l i o t t ( 1 98 6 ) , were t h e r e  was 

h i gher bulk in the Do r s e t than the Romney and Borde r Le i ce s t e r s i re 

b reeds . 

The l i vewe igh t s  w i thin  t he wool  da t a  ( weaning t o  1 2  mon t h s  o f  

age ) showed l i t t le d i f f e r ence , bu t t h e r e  t ended t o  be an advan tage t o  

the BL and D s i red p rogeny . 



Tab l e  4 . 1 :  Leas t Square Romney S i r e  

Means and S t andard Errors 

TRAIT ROMNEY ( + Se ) BL D 

WWT ( kg ) 1 7 . 2 2 ( ±0 . 2 1a )  97a l OO a 

J'WT ( kg ) 2 3 . 8 3 ( ±0 . 2 1 a )  1 02a 106b 

F'WT ( kg ) 28 . 25 ( ±0 . 2 1 a )  1 02ab 104b 

A'WT ( kg ) 34 . 2 3 ( ±0 . 2 1 a )  109b l l Ob  

UFD ( mm)  2 . 85 ( ±0 . 06a ) 1 18b 106a 

AUFD ( mm ) 2 . 8 3 ( ±0 . 02 a )  l l lb  1 1 3b 

LF'WT ( kg ) 1 .  3 0  ( ±0 . 0 1 a )  98a 85b  

H F'WT ( kg ) 2 . 8 2 ( ±0 . 02a ) 1 08b 9 2 c  

CFVT ( kg ) 2 . 4 3 ( ±0 . 02a ) l l Ob 93c 

YIELD ( % )  8 6 . 0 7 ( ±0 . 2 3a)  102b 101ab 

STLEN ( cm)  1 1 . 1 0 ( ±0 . 08a)  1 1 5b 88c 

BULK ( kg/ cm3 ) 2 1 . 5 7 ( ±0 . 20a) 93b 1 1 8c  

MFD ( um)  3 5 . 2 4 ( ±0 . 1 3a)  1 06b 103c 

COLOUR 6 . 2 6 ( ±0 . 09a)  92b 102a 

M'W'WT ( kg ) 1 4 . 7 1 ( ±0 . 3 6a )  1 2 2b 1 3 7 c  

PL'WT ( kg ) 2 9 . 4 1 ( ±0 . 4 3a)  109b  1 1 6 c  

PUFD ( mm ) 1 . 5 9  ( ±0 . 07 a )  1 5 6 b  1 5 2 b  

PAUF D ( mm ) 1 . 85 ( ±O . OSa ) 1 18b 1 3 1 b  

HC'WT ( kg ) 1 3 . 60 ( ±0 . 24a)  1 1 4b 1 25 c  

CLEN ( cm ) 92 . 99 ( ±0 . 3 3a )  103b lOSe 

GR ( m m )  6 . 1 7 ( ±0 . 23a )  1 28b 1 5 1 c  

C ( mm ) 2 . 1 4 ( ±0 . 07a )  1 2 6 b  1 4 8 c  

( con t . )  
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Table 4 . 1  ( Con t . )  

T S F ( g )  601  

PCSF ( % )  9 . 1 1 

T I F ( g )  7 32 

PCIF ( % )  1 1 . 2 9 

T LEAN ( g )  3 6 7 7  

P CLEAN ( % )  5 7 . 6 7 

TBONE ( g ) 1 1 2 4  

PCBONE ( % )  1 7 . 7 6 

( ±2 2 a )  1 2 9b 

( ±0 . 1 6 a )  1 1 3b 

( ± 1 9 a )  1 20b 

( ±0 . 08a )  105b 

( ±5 7 a )  1 1 2 b  

( ±0 . 1 0 a )  99b 

( ± 1 2 a )  108b 

( ±O . l l a )  95a 

152c  

1 2 5c 

1 3 5c 

1 1 0c 

1 2 2 c  

98c  

1 1 5c  

92c  
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( B L  and DOR b reed means a re g i ven r e l a t i ve t o  t h e  ROMNEY ( 1 00 ) ) 
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I n  con t ras t ,  t h e  l i veweigh t s  i n  t he meat da t a  ( weani ng and 6 mon t h s  o f  

age ) s howed that  t h e  B L  and 0 s i r e d  progeny were supe r i o r  t o  t he R 

s i red p rogeny . The R p rogeny had t he lowes t u l t ra-son i c  backfat  d e p t h s  

( UFO ) , b u t when the  UFO ' s we r e  adj us t i ng t o  a common l i vewe i gh t , t h e  

UFO i n  t h e  BL s i re d  progeny d e c reased and t h e  0 s i red p rogeny 

i nc reased . A pos s i b le reason i s  that a s i ngle pheno t yp i c  r eg re s s i on 

be tween l i v ewe ight  and u l t ra-son i c  s cann ing i s  n o t  cons i s t en t  be tween 

the b reeds  u s ed . 

The  0 s i red p rogeny we r e  heave s t  i n  h o t  carcas s w e i gh t  w i t h  

the R p rogeny be i ng the l i gh t e s t .  These d i f f erences r e s u l t ed i n  the  

b reeds be i ng s i gni f i c an t ly d i f f e ren t for a l l  the carcass  t ra i t s .  The 

BL and 0 s i r ed p rogeny were a l s o  s i gn i f i can t ly fat t e r  and c on t a i ned 

g rea t e r  bone  and lean t i ssue we i gh t s  compared to the R s i red  p rogeny . 

B u t , as a p e r c en t ag e  o f  to tal t i s sue , the R p r ogeny had s i gn i f i can t ly 

l ess f a t , and s i gn i f i can t ly mo r e  lean and bone t i s su e , than t he 

c r os s - b red progeny . Whi l e  the percen t age l ean con t en t s  w e r e  

s ign i f i can t , the  ac t u a l  d i f ference w a s  only 2% and would be cons i s t e n t  

w i th  t he o b s e rva t i on o f  cons t a n t  lean o r  mu s cle grow t h  rela t i v e  t o  

l i vewe i gh t  ( B u t t e r f i e ld , 1988 ) .  

4 . 2  The Es t i ma t es o f  the Non-gene t i c  E f f e c t s  

The  es t i ma t e s  o f  the  s i gn i f i can t non-gene t i c  e f f e c t s  f o r  t h e  

t ra i t s  analysed a r e  s hown i n  Tabl e  4 . 2 .  Lamb i ng paddo ck w a s  i ncluded 

in  the  l i n e a r  mode l  be cause ear l i e r  s t udies  had  f ound i t  t o  exe r t  a 

s i gn i f i can t e f fe c t  on the ear ly lamb performance ( A . C . Parr a t t ,  pers . 
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comm . ) .  I n  t h i s  s t udy , lambing paddock was f ound t o  be s ign i f i can t f o r  

t he t ra i t s  VVT , JWT , FWT and MVWT . The age o f  dam was only found t o  b e  

s i gni f i can t f o r  WWT . There fore , t h e  e f f e c t s  o f  lamb ing paddock and age 

o f  dam w e r e  no t included in Table 4 . 2 .  

I n  the wool t rai t s  whe r e  b i r t h rank was s i gn i f i c an t , t h e re 

was a s l i g h t super i o r i ty o f  s i ng l e s  over t w i ns , and the  es t ima t es  were 

also s i m i l a r  t o  the  avai lable l i t e r a t ure es t i ma t es ( Tab le 2 . 1 ) .  There 

was a grea t e r  advan t ag e  o f  s i ngles over twins i n  livewe ight  and carcass 

weigh t  t ra i t s ,  these  were also s i m i lar to  t he l i t e ra t u r e  ( Table 2 . 6 ) .  

Bu t ,  t he l i vewe i gh t  adj us ted back f a t  dep t h  showed that t he t w i n s  were  

l eane r  t h an the s i ngles a t  a cons t an t  we i gh t .  Th i s  was also  eviden t in  

t he carca s s  componen t s , w i th  the  twins l ower  i n  f a t ness and  grea t e r  in  

l ean and  b o n e  t i ssue t han the  s i ngles . 
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Table 4 . 2 :  Es t imates  o f  the Non-Gene t i c  

E f fe c t s  and S t andard E r rors  

a ) �o o l  Da t a  Trai t s  

TRAIT COV 1 

\JIJT 

J�T 

F�T 

A�T 

UFO 

YEAR ( ± S E )  

( 8 4 - 8 5 ) 

-0 . 2 9 ( ±0 . 4 1 )  

-0 . 98 ( ±0 . 3 2 )  

-3 . 6 1 ( ±0 . 3 5 )  

-0 . 8 7 ( ±0 . 1 0 ) 

B . RANK ( ± SE ) B . DAY ( ± SE ) 

( s- t )  

4 . 6 6 ( ±0 . 2 9 )  -0 . 09 ( ±0 . 0 1 )  

3 .  7 2  ( ±0 . 34 )  -0 . 1 0 ( ±0 . 02 )  

3 . 45 ( ±0 . 3 7 )  -0 . 09 ( ±0 . 02 )  

2 . 37  ( ±0 . 4 2 )  -0 . 07 ( ±0 . 02 )  

AUFD 0 . 1 2 ( ±0 . 0 1 )  -0 . 9 9 ( ±0 . 0 9 )  -0 . 40 ( ±0 . 1 1 )  

LF�T 

HFUT 

CF�T 

YIELD 

BULK 

COLOUR 

( co n t . )  

-0 . 2 7 ( ±0 . 02 )  0 . 1 5  ( ±0 . 0 3 )  -0 . 0 1 ( ±0 . 00 ) 

0 . 09 ( ±0 . 04 )  0 . 1 0 ( ±0 . 0 1 )  -0 . 0 1 ( ±0 . 00 )  

0 . 09 ( ±0 . 04 )  -0 . 0 1 ( ±0 . 00 )  

-2 . 54 ( ±0 . 4 1 )  

3 . 1 9 ( ±0 . 38 ) 

0 . 32 ( ±0 . 1 8 ) 



Tab l e  4 . 2  ( Con t . )  

b ) Me a t  Da t a  Trai t s  

TRAIT cov1 ( ± SE ) 

MWT 

PLWT 

PUFD 

PAUFD 0 . 1 2 ( ±0 . 0 1 )  

HCWT 

CLEN 1 .  2 6  ( ± 0 . 06 )  

GR 1 . 03 ( ±0 . 05 )  

c 0 . 3 5 ( ± 0 . 0 3 )  

T S F  1 0 1  ( ± 3 )  

PC SF 0 . 7 4 ( ±0 . 04 )  

T I F  84 ( ± 3 )  

PCI F  0 . 4 2 ( ± 0 . 04 )  

T LEAN 2 3 6  ( ± 5 )  

PC LEAN -0 . 6 2 ( ±0 . 0 7 )  

TBONE 4 1  ( ± 3 )  

PCBONE -0 . 60  ( ±0 . 03 )  
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YEAR ( ± SE)  SEX ( ± SE ) B . Rank ( ± S E )  B . DAY ( ± S E )  

( 8 3-82 ) ( m- f )  ( s - t )  

6 . 35 ( ±0 . 3 3 )  1 .  3 4  ( ±0 . 3 1 )  4 . 58 ( ±0 . 34 )  - 0 . 1 2 ( ±0 . 02 )  

2 . 2 9 ( ±0 . 4 7 )  1 .  9 1  ( ±0 . 47 )  3 . 5 1 ( ±0 . 5 1 )  -0 . 15 ( ±0 . 03 )  

0 . 64 ( ±0 . 09 )  0 . 2 6 ( 0 . 1 0 )  -0 . 0 2  ( ±0 .  

0 . 38 ( ±0 . 08 )  -0 . 15 ( ±0 . 08 )  

1 . 62 ( ±0 . 2 7 )  1 . 05 ( ±0 . 2 7 )  2 . 02 ( ±0 . 2 9 )  -0 . 08 ( ±0 . 02 )  

1 .  9 7  ( ±0 . 3 1 )  

-0 . 40  ( ±0 . 2 5 )  -0 . 7 8 ( ±0 . 2 4 )  -0 . 99 ( ±0 . 2 7 )  

-0 . 4 5 ( ±0 . 1 3 )  - 0 . 2 6 ( ±0 . 1 2 )  -0 . 2 9 ( ±0 . 1 4 )  

-57  ( ± 1 7 )  - 6 2  ( ± 1 7 )  - 5 1  ( ± 1 8 )  

-0 . 8 2 ( ±0 . 2 2 )  -0 . 7 9 ( ± 0 . 2 5 )  

- 6 1  ( ± 1 4 )  - 4 2  ( ± 1 3 )  -46 ( ± 1 5 )  

-0 . 4 9 ( ±0 . 18 ) - 0 . 58 ( ±0 . 1 8 )  -0 . 7 4 ( ±0 . 2 0 )  

2 . 2 2 ( ±0 . 3 3 )  0 . 8 2 ( ±0 . 3 2 )  0 . 86 ( ±0 . 3 5 )  

4 7  ( ± 1 5 )  5 2  ( ± 1 4 ) 59 ( ± 1 5 )  

1 . 1 5 ( ±0 . 03 )  0 . 84 ( ±0 . 1 6 )  0 . 90 ( ±0 . 1 8 )  

1 )  covar i a t e  f o r  AUFD i s  AWT , PAUFD i s  PLWT , and the  carcass t ra i t s  HCWT . 
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The s u p e r i o r i ty  of males over females in l ivewe i gh t , carcass  

we i gh t  and lean e s s  was ev i d en t where the  e f fe c t  o f  sex  was  s ign i f i can t . 

Th i s  i s  gene r a l l y  cons i s t en t  wi th compar i sons o f  male and female 

carcass  componen t s  ( Bu t t e r f i e l d , 1 9 88 ) . The apparent  reason appears  t o  

b e  t he d i f ferences  i n  grow t h  t o  ma turi ty  and that  females appear  t o  

par t i t i on more f a t  t o  subcu taneous depo t s  t han the  males ( Bu t t e r f i e l d , 

1 9 8 8 ) . 

The es t i mates  o f  regres s i on on the day of  b i r t h  i n  t h e  

l i v ewe igh t  and w o o l  t rai t s  we re s i m i l a r  be tween t h i s  s t udy a n d  t h e  

l i t e r a t ure ( Tab l e s  2 . 1  and 2 . 6 ) .  The s e  es t ima t e s  show t h a t  more 

produc t i on i s  o b t a i ned f rom older anima l s . 

4 . 3  Th e Es t ima t e s  o f  H e r i tabi l i t y 

The e s t i ma t es o f  t he be tween-br eed and b e t ween-s i re v a r i ance  

components  of  the  

p r e s en t ed i n  Tab l e  

t rai t s  analysed 

4 . 3  are the 

are prese n t e d  in  Tab l e  4 . 3 .  A l s o  

es t i m a t e s  o f  the w i t h i n-breed  

her i t ab i l i ty  ( H p ) , the b e t ween-breed her i t abi l i ty  ( Hx ) ,  and  t h e  r a t i o  

o f  t h e  between- b r e ed gene t i c  var iance t o  the t o t a l  gene t i c  v a r i an c e  

( H r ) . 

I t  was n o t  pos s i b l e  t o  es t i ma t e  the change in  t h e  m i d - paren t 

var i ance and hence , ,  to  c o r re c t  the parame t e r  es t imates f o r  t h e  b i as o f  

asso r t a t ive ma t i n g  us ing t h e  formulae o f  Reeve ( 1953 ) .  However ,  f ro m  

Equa t i on 3 . 1 and Fi gure 3 . 1 ,  i t  can be observed t h a t  w i t h  any 

h er i t ab i l i ty  e s t i m a t e s  unde r  abou t 0 . 3 ,  t h e  corre c t i on of t h e  var i an c e  
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componen t s  would b e  m i n i mal . Th i s  would sugge s t that  any b i as d u e  t o  

pos i t i v e  a s s o r t a t i ve m a t i ng was negl igible  on the var i ance  componen t s  

compared t o  random ma t i ng .  Th i s  i s  also suppo r t ed by t he s i m i l ar i ty o f  

t he H p  e s t i mates  o f  the  ass o r t a t i ve ma t e d  t rai t ,  we i gh t -adj u s t ed 

u l t ra-so n i c  backfa t d e p t h , to  the l i terature  ( eg Brad f ord  and S u r l o c k , 

1 9 7 2 ; B e a t son , 1 98 7 ; Parra t t  e t  a l , 1987 a ) . Any i n f luence due t o  

pos i t i ve a s s o r t a t i ve ma t i ng i n  t h i s  analys i s  would have been con founded 

and  reduced by the s e l e c t i on o f  only the  s i res , and  also  by t h e  

p resence o f  d om i nance and ep i s t a t i c  e f f ec t s .  Vari ous expe r i me n t a l  

s t ud i es ( eg Breeze ( 1 9 5 6 ) ,  McBr i d e  and Ro be r t son ( 1 9 6 3 ) , Wi l s o n  e t  a l  

( 1 9 6 5 ) ,  Mwenga e t  a l  ( 1 9 84 ) )  have repo r t ed non - s i gn i f i can t d i f f e rences  

be tween r andom ma t ing and pos i t i v e  ass o r t a t i ve mat i ng .  

The es t i ma t e s  o f  H p  f o r  the wool t rai t s  were s i m i lar  t o  t h e  

Romney es t i mates  in the  l i t e r a t u r e  ( Table 2 . 1 ) . A l t hough t he e s t i ma t e s 

o f  BULK were lower t han those repor ted by B i gham e t  a l  ( 1 98 3 )  and 

Sumner et  a l  ( 1 9 8 9 ) . The i n clus i on of the  b e tween-breed compone n t  

r a i sed t h e  e s t i mates , such tha t the es t i ma t es o f  H x  were gen e r a l ly 

grea t e r  t han the l i t e ra t ure . Thi s  was due t o  t h e  h i gh propor t i on o f  

b e t ween- b reed gene t i c  var iance appa ren t i n  t h e  wool t ra i t s , exce p t  f o r  

COLOUR whe r e  there was n egl i g i b l e  be tween-breed var i a t i on . 



Table 4 . 3 : Va r i ance Compon e n t s  and the Es t i ma t es o f  

He r i t ab i l i ty  w i t h  S t andard Errors 

TRAIT B . VAR S . VAR H p  ( +  SE ) Hx ( + SE)  

WWT 0 . 0 1 0 . 1 3 0 . 1 0 ( ±0 . 10 ) 0 . 1 1 ( ±0 . 0 1 )  

JWT 0 . 95 0 . 46 0 . 2 7 ( ±0 . 1 5 )  0 . 54 ( ±0 . 1 0 )  

FWT 1 .  8 3  0 . 56 0 . 2 9 ( ±0 . 1 5 )  0 . 64 ( ±0 . 1 6 )  

AWT 4 .  7 1  0 . 7 3 0 . 2 9 ( ±0 . 1 5 )  0 .  76 ( ±0 . 2 5 )  

UFO 0 . 1 6 0 . 08 0 . 38 ( ±0 . 1 7 )  0 . 65 ( ±0 . 1 3 )  

AUFD 0 . 04 0 . 03 0 . 1 7  ( ±0 . 1 2 )  0 . 3 3 ( ±0 . 04 )  

LFWT 0 . 0 1 0 . 00 1  0 . 1 0 ( ±0 . 1 0 )  0 . 54 ( ±0 . 06 )  

HF\JT 0 . 04 0 . 0 1 0 . 3 1 ( ±0 . 1 5 )  0 . 6 9 ( ±0 . 1 8 )  

CF\JT 0 . 0 3 0 . 0 1 0 . 3 6 ( ±0 . 1 7 )  0 . 7 0 ( ±0 . 18 ) 

YI ELD 1 .  4 2  0 . 46 0 . 1 3  ( ±0 . 1 1 )  0 . 3 9 ( ±0 . 06 ) 

ST LEN 1 .  4 9  0 . 28 0 . 60 ( ±0 . 2 1 )  0 . 90 ( ±0 . 3 3 )  

BULK 5 . 0 1 0 . 3 3 0 . 1 3 ( ±0 .  1 1 )  o .  7 1  ( ±0 . 2 5 )  

MFD 1 .  3 5  0 . 28 0 . 2 5 ( ±0 . 1 4 )  0 . 6 6 ( ±0 . 1 8 )  

COLOUR 0 . 00 0 . 30 0 . 5 5 ( ±0 . 20)  0 . 55 ( ±0 . 05 ) 

MWT 0 . 1 1  0 . 1 7 0 . 1 3 ( ±0 . 1 6 ) 0 . 20 ( ±0 . 01 ) 

P L\JT 0 . 52 1 .  55 0 . 44 ( ±0 . 2 6 )  0 . 5 1 ( ±0 . 04 )  

PUFD 0 . 03 0 . 06 0 . 44 ( ±0 . 2 6 )  0 . 55 ( ±0 . 05 )  

PAUFD 0 . 02 0 . 01 0 . 1 2 ( ±0 . 1 6 )  0 . 2 9 ( ±0 . 03 )  

HCWT 0 . 3 7 0 . 64 0 . 55 ( ±0 . 2 9 )  0 . 6 6 ( ±0 . 07 )  

CLEN 1 . 04 0 . 7 7 0 . 3 2 ( ±0 . 28 ) 0 . 55 ( ±0 . 09 )  

GR 0 . 09 0 . 80 0 .  7 3  ( ±0 . 34 )  0 . 7 5 ( ±0 . 06 )  

c 0 . 24 0 . 06 0 . 24 ( ±0 . 2 0 )  0 . 6 1 ( ±0 . 20 )  

( c on t . ) 

Hr ( + SE ) 

0 . 07 ( ±0 . 2 1 )  

0 . 67 ( ±0 . 08 )  

0 .  77  ( ±0 . 05 )  

0 . 8 7 ( ±0 . 0 2 )  

0 . 67 ( ±0 . 0 7 )  

0 . 5 7 ( ±0 . 1 3 )  

0 . 9 1 ( ±0 . 02 )  

0 . 80 ( ±0 . 04 )  

0 . 7 5 ( ±0 . 05 )  

0 . 7 6 ( ±0 . 07 )  

0 . 84 ( ±0 . 0 2 )  

0 . 94 ( ±0 . 0 1 )  

0 . 8 3 ( ±0 . 03 )  

0 . 00 ( ±0 . 03 )  

0 . 39 ( ±0 . 20 )  

0 . 25 ( ±0 . 1 0 )  

0 . 3 3 ( ±0 . 1 1 )  

0 . 67 ( ±0 . 1 2 )  

0 . 3 7 ( ±0 . 1 0 )  

0 . 57 ( ±0 . 09 )  

0 . 10 ( ±0 . 05 )  

0 . 80 ( ±0 . 04 )  
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Table 4 . 3  ( Con t . )  

TSF 1 1 02 3 9 3 1  

PCSF 0 . 1 3 0 .  7 2  

TIF 6 2 1  2 1 7 9  

PCI F 0 . 1 2 0 . 30 

TLEAN 4 1 1 4 1 3 6 1 0  

PC LEAN 1 .  3 6  1 .  6 5  

TB ONE 6 9 3  808 

PCBONE 0 . 07 0 . 1 5 

0 .  7 7  ( ±0 . 35 ) 0 . 8 1 

0 . 7 6 ( ±0 . 3 5 )  o .  7 9  

0 . 68 ( ±0 . 3 3 ) 0 .  74  

0 . 5 2 ( ±0 . 28 ) 0 . 60 

1 . 0 1 ( ±0 . 40 ) 1 . 0 1  

0 . 9 6 ( ±0 . 3 9 )  0 . 99 

0 . 2 3 ( ±0 . 1 9 )  0 . 3 5 

0 . 30 ( ±0 . 2 2 ) 0 . 38 

( ±0 . 09 ) 0 . 2 2 

( ±0 . 0 7 )  0 . 15 

( ±0 . 08 ) o .  22 

( ±0 . 07 )  0 . 29 

( ±0 . 1 4 )  0 . 2 3 

( ±0 . 2 3 ) 0 . 45 

( ±0 . 04 ) 0 . 46 

( ±0 . 04 ) 0 . 3 2 

( ±0 . 08 ) 

( ±0 . 07 )  

( ±0 . 08 )  

( ±0 . 1 0 )  

( ±0 . 08 )  

( ±0 . 1 0 )  

( ±0 . 1 3 )  

( ±0 . 1 2 )  
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A s i m i lar t rend be tween the h e r i t ab i l i ty es t i ma t es  was 

obs e rved i n  the  l i vewe ight  t ra i t s , wi th  the  Hp es t ima t e s  being s i m i lar 

t o  the l i terature ( Tab l e  2 . 3 ) .  � i t h  the excep t i on o f  wean i ng we i gh t 

and PL�T , the es t i ma t es o f  H r  were gen e r a l ly grea t e r  t han 0 . 6 ,  and 

t ended to  resul t i n  the Hx es t i ma t e s  be i ng larger i n  magn i tude than t h e  

Hp  es t i ma t es . 

In cons t ras t ,  the e s t i m a t e s  o f  Hp i n  the carcas s t rai t s  were  

generally grea t e r  than the  l i t e r a t u re ( Tab l e  2 . 5 ) . I n  mo s t  cases t h e  

es t i ma t e s  o f  H r  i n  the  carcass t ra i t s  were u n d e r  abou t 0 . 5  and t hus  t h e  

i n c r ease f rom Hp  to  H x  was small i n  magn i t ud e . 

The d i f ferences be tween the es t ima t e s  o f  Hx and Hp can be 

explai ned by the pres e n ce o f  the be tween-breed  componen t ,  as i nd i ca t ed 

by H r .  S i nce i n  add i t i on t o  any be tween- b reed add i t i ve gene t i c 

var i ance , the be tween- breed va r i ance compone n t  would con t a i n  t h e  

d i f f eren t i a l e f f e c t s  o f  t h e  i nd i v i d ual he t e r o s i s  amongs t t he d i f f e ren t 

breeds i nvo lved ( Cund i f f e t  al , 1 986 ) . Such that i n  a crossbreed i ng 

s i t ua t i on , a h i gh es t i ma t e  o f  H r  may ind i rec t ly i nd i ca t e  the  presen c e  

o f  he t e r o s i s . Bu t ,  t h e  more r el i able con c lu s i on i s  tha t there i s  a 

g r ea t e r  var i ab i l i ty be t ween the s i re breeds t han wi t h i n  each s i re 

b reed . 

Due t o  the presence o f  any e f fe c t s  o f  h e t eros i s , t he 

e s t i ma t es o f  Hx would overes t i ma t e  the ' t rue ' heri tabi l i ty observed i n  

t h i s  popula t i on for any par t i cular t rai t .  S i m i l arly , t he H p  es t i ma t e  

would underes t ima te  t h i s  her i tab i l i ty because t he res i dual var i an c e  

c omponen t ,  by d e f i n i t i o n , would con tain 3/4 o f  t h e  be tween-b reed 
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compone n t . Whe t h e r  o r  n o t  t h i s  would b i as the H p  e s t i m a t e  would depen d  

o n  t h e  val i d i l i t y  o f  the assum p t i on t h a t  Hp i s  an  w i t h i n-b reed 

he r i t ab i l i ty .  A poss i b ly more r e l i able her i tab i l i ty e s t ima t e  would b e  

e i t h e r  t he ari thme t r i c  mean o r  a we i gh t ed ave rage o f  the  H p  a n d  Hx 

e s t i ma t e s . An we i gh ted average could be the propo r t i on of ' purebred s ' 

( 58% i n  the da t a  used ) mul t i p l i ed by H p  plus t h e  propo r t i on o f  

' c ros s b r eds ' ( 42% ) mu l t i p l i ed by Hx . 

The r e l a t ive d i f fe r en ces i n  the  source o f  the gene t i c  

var i a t i o n  i s  ind i cated by the  rat i o  o f  the  be tween-breed var i ance t o  

t h e  t o t a l  gene t i c  var iance , ( H r ) . The es t i ma t es o f  Hr p rov i d e  a w i d e  

r ange o f  values i nd i ca t i ng tha t t h e r e  a r e  some t i me s  large be t ween- breed 

gene t i c  d i f fe rences i nvolved . These es t i ma t e s wou ld also r e l a t e  t o  t he 

add i t i on a l  l i kenes s of members w i t h i n  t h e  same breed ( Cund i f f  e t  a l , 

198 6 ) . I t  would also  tend t o  i mp ly that  t h e r e  are d i f fe r e n t  a l l e l e s  o r  

genes i n  t h e  breeds i nves t i ga t ed and t h a t  d i f feren t s e l e c t i on pressure  

have been  app l i ed to  these breed s . 

By comb i n i ng the es t i ma t es o f  H r  and Hp , i t  would be pos s i b l e  

t o  dev e l o p  mul t i ple  b reed selec t i on ind i ces , l i ke those proposed b y  

K i nghorn  ( 1 984 ) . Assuming t h a t  Hp i s  an val i d  es t i ma t e  o f  t h e  

he r i t ab i l i ty ,  mos t o f  the t rai t s  would res pond favourably t o  s e l ec t i o n . 

H r  would p rovide an e s t imate  o f  the t o t a l  i mmed i a tely ' s elec t abl e ' 

gene t i c  v ar i a t i on ( Taylor and Thi essen , 1 9 84 ) , and t h e r e f o r e  could b e  

u s ed t o  d e t ermine whe ther t o  sele c t  be tween breeds o r  w i t h i n  b re ed s . 

The h igh H r  es t i ma t es o f  the wool and l i vewe i gh t  t ra i t s  i nd i ca t e  t h a t 

selec t i o n  should be be tween breed s , whi l e  s e l e c t i on s hould b e  w i t h i n  

b reed f o r  t he carcass t ra i t s .  Th i s  would t end t o  hold unless 
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p ar t i cu la r  t ra i t s ,  e g  l o o s e  wool bulk , a r e  requ i red o r  u n f avourable 

c o r r e la t i ons exi s t  be tween t he des i rable t rai t s . 

The s e lec t i on o f  i nd i v i duals f rom t h i s  popu l a t i o n  would be 

bas e d  on the i r  own perfo r mance and the magn i t ude of H r . \Jhen t h e  

e s t i ma t e s  o f  H r  a r e  smal l ,  t hen there i s  apparen t ly l i t t l e  b e t ween 

breed var i a t i o n  and sele c t i on would be  based only on t he s i re ' s  

p e r f o rmance . Howeve r ,  whe re there are  h i gh es t i ma t es o f  Hr , s u ch as  

t h e  wool  t rai t s ,  t hen the  s i re breed needs t o  be t aken i n t o  accoun t . 

I t  would be i n su f f i c i en t  j us t  to  t ake the breed w i t h  the ' bes t '  breed 

mean because i t  would be un l i kely to  be bes t i n  a l l  t rai t s . Cla rke and 

Meyer ( 1 9 8 2 )  o b s e rved that the breeds of New Zealand repre s e n t ed a w i d e  

var i a t i o n  i n  p e r fo rmance , b u t  t h i s  was grea t ly reduced when meat  and 

wool p roduc t i on were comb ined . The ' ave rage ' breed \olOUld  b e  

i ne f f i c i en t  b e c a u s e  i t  wou l d  l a c k  the  ex t reme an i mals  necess a ry f o r  

adequ a t e  gene t i c  p rogres s . Therefore , the selec t i on of a n  i nd i v i dual  

would mainly b e  based on  i t ' s  rela t i ve performance f o l l owed by the  

bene f i t s  o f  breed . These bene f i t s  wou ld be  cro s s - b reed ing e f f ec t s , 

p os s i b i l i ty i nd i ca t ed by a h i gh Hr e s t i ma t e , and par t i cular  breed 

charac t e r i s t i cs , s uch as loose woo l bulk i n  the Dors e t . 



4 . 4  T h e  Gene t i c  And Pheno ty p i c  Co r rela t i ons 
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The f o l owing gene t i c  and pheno typ i c  corre l a t i ons p r o v i d e  

i n f o r m a t i on o n  t he var i ous  relat i onsh i ps be tween w o o l , grow t h  and 

carcas s  t rai t s . S i nce only a small  number  o f  s i res we r e  u s ed and also  

f ew o b s erva t i ons  per s i re in  the  t rai t s  analys ed , care  is  needed in  

t he i r  i n t e r p re t a t i o n  due  t o  l a rge s t andard error s . 

4 . 4 . 1 Be tween the L i vewe ight  and Carcass Tra i t s 

The co r r e l a t i ons be tween the l i vewe i gh t s  we re modera t e  t o  

h i ghly  po s i t i ve ( Table 4 . 4 ) , and t h e r e  was a n  appare n t  t r end for  the 

magn i t u d e  t o  decrease f rom young to  old measures . Wh i l e  t he l i t e ra t ure 

e s t i ma t e s  were s i m i lar ( e . g  Baker et  al , 1 9 7 9 ; T a i t ,  1 9 8 3 ) ,  no 

equi v a l en t  t rend had been no t ed in these correla t i ons . These  h i gh 

corre l a t i ons wou l d  tend to sugges t tha t  selec t i on a t  any age for  

l i vewe i gh t  wou ld i n crease the  l i vewe ight measured at  any o t her  age . 

Fu r t he r , an an i m a l  that i s  heav i e r than i t ' s  con t empora r i e s  a t  a s i ngle 

age , wou ld be heav i e r  a t  o t her  ages . 



Table 4 . 4 :  The Gene t i c  and Pheno typ i c  Correla t i ons 1 Be tween 

the L i vewe ight  Trai t s . 

TRAIT WVT JVT FVT AVT UFO AUFD 

WVT 1 . 01  0 . 8 5 0 . 7 4 0 . 1 7 -0 . 2 0 

JVT 0 . 7 8 0 . 9 9 0 . 82 0 . 5 2 0 . 0 3 

FVT 0 . 7 3 0 . 8 9 0 . 8 6 0 . 5 7 0 . 2 9 

AVT 0 . 50 0 . 64 o. 7 2  0 . 84 0 . 6 7 

UFO 0 . 1 5 0 . 2 3 -0 . 0 2 0 . 40 0 . 95 

AUFD -0 . 06 -0 . 05 0 . 2 9 -0 . 05 0 . 9 4 

1 ) Gene t i c  c o r r e la t i on s  above t h e  d i agonal , Pheno t y p i c  below . 

Table 4 . 5 :  The Gene t i c  and Pheno ty p i c  Corre l a t i ons 1 Be tween 

the Carcass  Dimen s i on Trai t s  

TRAIT MWVT PUIT PUFD PAUFD H CVT CLEN GR c 
MWVT 0 . 8 1 0 . 5 2 0 . 1 2 o .  7 2  -0 . 8 4 0 . 14 0 . 2 3 

PLVT 0 . 6 2 0 . 98 0 . 90 0 . 9 9 -0 . 7 3 0 . 36 0 . 1 1  

PUFD 0 . 2 9 0 . 6 1 0 . 9 9 1 . 0 1 - 1 . 1 4 0 . 67 0 . 4 2 

PAUFD -0 . 1 1 o. oo o. 7 8  1 . 1 3 - 2 . 02 1 .  27 1 . 03 

HCVT 0 . 60 0 . 95 0 . 65 0 . 09 -0 . 88 0 . 38 0 . 08 

CLEN 0 . 08 0 . 09 -0 . 1 3 -0 . 2 2 0 . 0 1 -0 . 7 6 -0 . 57 

GR -0 . 1 9 -0 . 04 0 . 25 0 . 35 0 . 03 -0 . 38 1 . 0 1 

c -0 . 03 0 . 02 0 . 24 0 . 28 0 . 07 -0 . 18 0 . 5 1 

1 ) Gene t i c  correla t i ons above the d i agonal , Pheno typ i c  below . 

page 8 5  



Table 4 . 6 :  The Gene t i c  and Pheno t yp i c  Correla t i ons Be tween 
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the Carcass Dimens i on and Ti ssue Componen t T r a i t s  

i ) Gene t i c  C o r r e la t i ons 

TRAIT MWWT PUTT PUFD PAUFD HCWT CLEN GR c 
TSF -0 . 02 0 . 19 0 . 42 0 . 8 3 0 . 1 5 -0 . 6 1 0 . 95 0 . 8 3 

PCSF 0 . 1 7  0 . 40 0 . 6 5 1 . 1 2 0 . 38 -0 . 8 0 1 .  05 0 . 8 5 

TIF -0 . 55 -0 . 2 1 0 . 1 2 0 . 6 7 -0 . 1 3 -0 . 8 2 0 . 68 0 . 6 4 

PCIF -0 . 3 9 -0 . 18 0 . 1 7 0 . 80 - 0 . 08 -0 . 9 4 0 .  72  0 .  7 2  

TLEAN -0 . 03 -0 . 1 5 - 0 . 40 -0 . 8 5 - 0 . 2 1 0 . 8 2 -1 . 03 -0 . 9 2 

P C  LEAN 0 . 1 5 -0 . 07 -0 . 30 -0 . 6 6 - 0 . 07 0 . 6 8 -0 . 8 3 -0 . 68 

TB ONE 0 . 1 3 -0 . 10 - 0 . 7 4  -2 . 05 - 0 . 38 1 .  3 9  - 1 . 01 - 0 . 9 7 

PCBONE 0 . 2 2 -0 . 03 - 0 . 59 - 1 . 6 9 - 0 . 24 1 .  2 4  -0 . 7 3 -0 . 5 9 

i i ) Pheno typ i c  Correla t i o ns 

TRAIT MWWT PLWT PUFD PAUFD HC'\JT CLEN GR c 
TSF -0 . 1 6 -0 . 03 0 . 2 3 0 . 3 1 0 . 04 -0 . 2 9 0 . 66 0 . 5 7 

PCSF -0 . 1 4 0 . 04 0 . 3 1 0 . 3 6 0 . 1 0 -0 . 3 1 0 . 6 6 0 . 5 6 

TIF -0 . 0 1 0 . 03 0 . 1 6 0 . 1 7 0 . 09 -0 . 2 0  0 . 46 0 . 3 6 

PCIF 0 . 0 1 0 . 05 0 . 1 8 0 . 0 2 0 . 09 -0 . 2 1 0 . 44 0 . 38 

T LEAN 0 . 0 1 -0 . 10 -0 . 25 -0 . 2 4 -0 . 1 1 0 . 18 -0 . 47 -0 . 47 

P C  LEAN 0 . 04 -0 . 05 -0 . 2 3 -0 . 07 -0 . 07 0 . 1 7 -0 . 5 3 -0 . 46 

T B  ONE 0 . 1 6 0 . 06 -0 . 1 7 -0 . 2 6 0 . 01 0 . 34 -0 . 4 1 -0 . 3 3 

PCBONE 0 . 18 0 . 02 -0 . 2 2 -0 . 3 1 -0 . 02 0 . 3 6 -0 . 44 -0 . 3 3 



Table 4 . 7 :  The Gene t i c  and Pheno t yp i c  Co rrela t i ons 1 Be t ween 

the Carcass Ti ssue Componen t Trai t s . 
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TRAIT T S F  PCSF TIF PCI F  T LEAN PCLEAN TBONE P CBONE 

TSF 0 . 95 0 . 8 9 0 . 9 6 -0 . 7 9 -0 . 9 6 -0 . 6 2 - 0 . 6 2  

PSCF 0 . 94 0 . 7 3 0 . 84 - 0 . 88 -0 . 9 1 -0 . 7 4 - 0 . 6 1 

TIF 0 . 4 7 0 . 4 1 0 . 9 7 -0 . 49 -0 . 8 3 -0 . 5 2 - 0 . 7 7 

PCIF 0 . 4 1 0 . 45 0 . 9 3 - 0 . 6 8 -0 . 9 2 -0 . 7 0 - 0 . 8 1 

TLEAN -0 . 5 7 -0 . 6 7 -0 . 4 3 -0 . 58 0 . 8 5 0 . 7 2 0 . 3 4 

PC  LEAN -0 . 7 7 -0 . 7 5 -0 . 7 1 -0 . 7 0 o. 7 2  0 . 60 0 . 5 2 

TB ONE -0 . 32 -0 . 44 - 0 . 2 5 -0 . 4 1 0 . 4 7 0 . 08 0 . 8 0 

PCBONE -0 . 40 -0 . 5 1 -0 . 38 -0 . 49 0 .  2 8  0 . 1 6 0 . 90 

1 ) Gene t i c  cor r e la t i ons above the d i agona l , Phen o t y p i c  be l ow . 



Table 4 . 8 :  The Gene t i c  Correla t i ons Be t ween 

t he Livewe ight  and Carcass  Trai ts . 

TRAIT WT JWT FWT AIJT UFO AUFD 

MWT 0 . 4 1 0 . 44 0 . 14 -0 . 2 9 0 . 3 2 0 . 55 

P LWT 0 . 28 0 . 18 0 . 14 -0 . 1 8 -0 . 06 -0 . 03 

PUFD 0 . 6 7 0 . 7 3 0 . 4 9 0 . 08 0 . 2 3 0 . 2 9 

PAUFD 0 .  7 4  0 . 90 0 . 56 0 . 05 0 .  7 2  0 .  7 6  

HCWT 0 . 46 0 . 35 0 . 1 9  -0 . 04 0 . 0 9 0 . 10 

CLEN -0 . 5 3 -0 . 8 1 -0 . 4 1 -0 . 4 7 - 1 . 06 1 .  2 4  

GR 0 . 7 2 0 . 6 7 0 . 7 4 0 . 84 0 . 3 5 0 . 2 3 

c 1 .  4 1  1 . 1 5 1 . 06 0 . 88 0 . 5 6 0 . 4 1 

TSF  0 . 9 6 0 . 80 0 . 7 0 0 . 8 9 0 . 4 3 0 . 2 4 

PCSF 0 . 75 o. 7 1  0 . 6 8 0 . 8 3 0 . 4 0 0 . 2 9 

T I F  0 . 6 7 0 . 49 0 . 28 0 .  7 7  0 . 6 7 0 . 6 3 

PCIF 0 .  7 1  0 . 5 9 0 . 3 8 0 . 8 4 0 . 8 3 0 . 80 

TLEAN -0 . 8 7 -0 . 7 5 -0 . 6 7 -0 . 98 -0 . 4 9 -0 . 3 3 

PC LEAN -0 . 7 3 -0 . 6 3 -0 . 50 -0 . 7 9 - 0 . 4 7 -0 . 3 5 

T BONE -0 . 8 4  - 0 . 82 -0 . 5 7 -0 . 7 6 - 1 . 00 - 1 . 03 

PCBONE -0 . 3 7 -0 . 45 -0 . 2 2 -0 . 3 9 -0 . 8 9 - 1 . 03 

p age 88 
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I n  t h e  c a r cass da t a ,  the two l ivewe i gh ts were h i ghly 

pos i t i vely correla t e d  wi th  each o ther and also wi th  HCWT ( Table 4 . 5 ) . 

The gene t i c  correla t i ons o f  t he l i veweigh t s  and HCWT wi t h  CLEN were 

h i ghly  nega t i ve , bu t the pheno t yp i c  correl a t ions were negli g i ble  and 

pos i t ive . The d i f f erence be t ween the gene t i c  and pheno t y p i c  

correla t i o n s  could b e  a t t r i bu t ed t o  t h e  adj us t men t of CLEN by HCWT . A 

generally l ow t o  mod e ra t e  gene t i c  correla t i ons were observed be tween 

the l ivewe i gh t s  recorded in each data set ( Table 4 . 8 ) , except  be tween 

AWT and t he carcass l i veweigh t s . Th i s  i nd i cates  t h a t  t here was 

d i f feren t cond i t ions opera t i ng w i thin  each data  s e t . F r om the leas t 

square mean s , there were d i f ferences in  the two weaning weigh t , and 

t h a t  t he s i re breeds were only s i gni f i can t ly d i f feren t f o r  MWWT . Th i s  

would tend t o  sugge s t  that  there i s  l i t t le rela t ionsh i p  b e t ween animals  

born in  d i f feren t years f rom the s ame s i r e ,  i e  that  there  is  a large 

envi ronmen t al i n f luence on the express i on of a geno type . T h i s  i s  

e s p e c i a l l y  s o  when t h e  es t ima t es o f  the he r i t ab i l i ty o f  wean i ng we i gh t  

i n  the l i t e ra t ure ( eg Tai t ,  1 98 3 )  and t h i s  analys i s  are general ly 

be tween 0 . 1  and 0 . 2 .  Therefore , 80  to  90% of  the  variat i on i n  wean i ng 

weight  i s  ' envi ronmen t al ' , i e  i t  canno t be at t r i bu t ed t o  add i t i ve 

gene t i c  var i ance . 

The  t o ta l  t i s sue we igh t  showed high pos i t i ve correla t i ons t o  

t he percen t age wei gh t  o f  the s ame t i ssue componen t (Table 4 . 7 ) . The 

v a r i ous carcass  measuremen ts  of fa tness : GR , C ,  TSF , PCSF , T IF ,  PCI F ,  

w e re h ighly  correla t e d  wi t h  each o ther , and h i ghly nega t ively 

c o r related  t o  t he lean and bone con t en t s  ( Tables 4 . 5 ,  4 . 6 ,  4 . 7 ) . The 

correla t i on b e t ween lean and bone t i ssue was moderately pos i t i ve ( Table  

4 . 7 ) .  The  gene t i c  and  phenotypi c  correla t i ons be tween t h e  carcass 
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t i ssues were very s i mi lar to those rep o r t ed by Wolf e t  al ( 198 1 ) . 

Whereas , only the gene t i c  and pheno typ i c  c o r rela t i ons between percen t 

bone and percen t t o t a l  fat  were s i m i lar be t ween the s tud i es o f  Wol f  e t  

a l  ( 198 1 )  and Parra t t  e t  a l  ( 1 987a ) . The correla t i ons between the  

o ther carcass  t i s sues componen ts  were d i f fe ren t be tween t hose  repo r t e d  

b y  Par ra t t  e t  al ( 1 9 8 7 a )  and e i t her Wol f  e t  al  ( 198 1 )  o r  t h i s  s t udy . 

S i m i lar  gene t i c  and pheno t y p i c  correla t i ons be tween carcass C and 

percen t t i s sue t rai t s  were repor t ed by W o l f  et al  ( 1 981 ) ,  Parra t t  e t  a l  

( 1 987a ) , and t h i s  s t udy . 

Li vewe i gh t ,  and also HCWT , were gener a l ly low t o  modera t e ly 

pos i t ively  correl a t ed w i t h  the carcass measuremen ts  of  fa tness (Tables  

4 . 5 ,  4 . 6 ,  4 . 8 ) ,  bu t nega t i vely correla t ed t o  the  con ten t  o f  the lean  

and  bone t i s sues . The grow t h  data  s e t  l i vewe igh t s  were o f  a larger  

magni tude t han the carcass  d a t a  set  l i vewe igh t s . Carcass leng t h  was 

h i ghly nega t i ve wi t h  carcass f a t , bu t h i ghly pos i t i vely correla ted  t o  

t h e  lean and bone t i s sues (Table 4 . 6 ) . Th i s  t ends t o  b e  i n  agreement  

w i t h  the li t era t ure i n  sheep ( eg Thors t e i n s s en and Bj ornsson , 1 9 8 2 ; 

Kad i m ,  1 9 88 ) , c a t t le ( eg Good e t  a l , 196 1 ) and p igs ( eg Fredeen and 

M i kami , 1 986 ) . In  add i t i on , Purser ( 1980 ) had repo r t ed tha t sheep 

s elec t ed for  long cannon bone leng t h  were lean e r  a t  a cons t an t  we i g h t  

t han sheep selec t ed f o r  sho r t  cannon bone leng t h .  The grow t h  d a t a  s e t  

l i vewe i gh t s  were modera t ely t o  highly pos i t ively gene t i cally correla t ed 

w i th the carcass measuremen t s  o f  fatnes s , bu t moderat ely t o  h i gh l y  

nega t i vely correla ted  w i th t h e  lean and bone con ten t s  ( Table 4 . 8 ) . 

When compared t o  the gene t i c  correla t i ons wi t h i n  the mea t d a t a , t h e  

correla t i on s  between growth and carcass t ra i t s  were larger i n  magni tude  

and d i f fe r ed i n  s ign w i t h  i n ter-mu scular f a t  con t en t . 
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M o s t o f  the correlat i ons be tween the  t ra i t s  analysed by 

Parra t t  e t  al ( 1987 a )  and t h i s  s tudy tended to be s i m i l a r . Bu t there  

was  an apparent  cont rad i c t ion between the  c o r relat ions o f  the t o t a l  

t i ssue wei gh t s  and t h e  percen t age t i ssue wi th  t h e  o ther t ra i t s  analysed 

by Parra t t  et  a l  ( 1 9 8 7 a ) . Vh i le t here a re s im i lari t i es in the source  

of  d a t a  b e tween t h i s  s tudy and tha t o f  Parra t t  e t  al ( 19 8 7 a ) , t here  are  

s ubs t an t i a l  d i f ferences i n  the  d a t a  sets  used . In  par t i cu l a r , Parra t t  

e t  al  ( 19 8 7 a )  used about  4 t i mes  the number of  progeny records  and 

a bou t 5 t i me s  the numbe r of  s i res for  t he i r  carcass s t udy . A l s o , 

Parra t t  e t  a l  ( 1 987 a )  used covar i a tes o f  e i ther age a t  s laugh t e r  o r  

p re-s laugh t e r  l i veweigh t .  I t  

d i f ferences i n  the es t i mates 

i s  there fore probable 

of the parame ters can be 

tha t the  

p r i ma r i ly 

a t t r i bu t ed t o  numbers , s t a t i s t i cal te chni que and also due t o  s o me 

d egree o f  a s s o r t a t ive m a t ing .  

4 . 4 . 2  Be tween The Vool Tra i t s 

The gene t i c  and pheno typ i c  correla t i ons of  the w o o l  t ra i t s  

a r e  presen t e d  i n  Table 4 . 9 . The rela t i onsh i p  b e t ween HFVT and CFVT are 

a l mos t un i ty and t hey have s im i la r  correla t i ons with  the o ther wool  

t ra i t s . Sele c t i on for  increased f leecewe igh t  would also i nc rease 

s taple leng t h ,  mean f i bre d i ame t e r , y i eld . The modera t e  t o  h i gh 

c o r rel a t i on s  o f  these t ra i ts  are cons i s ten t  wi t h  t he l i t e r a t u r e  ( Table  

2 . 4 ) and  can be exp l a i ned in  t erms o f  larger f i bres i n c reas ing t h e  

t o t a l  f l eece we i gh t . 
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Table 4 . 9 :  The Gene t i c  and Pheno typ i c  Correla t i ons 1 B e t ween 

the Wool Trai t s .  

TRAIT LF'WT HF'WT CF'WT YIELD STLEN BULK MFD COLOUR 

LF'WT 1 . 02 1 . 05 0 .  74  0 . 45 0 . 57 0 . 30 0 . 75 

HF'WT 0 . 52 0 . 99 0 . 56 o. 7 2  -0 . 1 1 0 . 3 1 0 . 54 

CF'WT 0 . 51 0 . 95 0 . 67 0 . 69 -0 . 1 6 0 . 33 0 . 47 

YIELD 0 . 1 2 0 . 1 1 0 . 40 0 . 29 -0 . 36 0 . 3 7 - 0 . 1 2 

STLEN 0 . 1 3 0 . 4 1 0 . 40 0 . 05 -0 . 6 1 0 .  34  -0 . 02 

BULK -0 . 03 - 0 . 15  -0 . 18 -0 . 1 3 -0 . 52 0 .  2 3  0 . 8 6 

MFD  0 . 2 1 0 . 37 0 . 39 0 . 1 7 0 . 34 -0 . 14 0 . 30 

COLOUR 0 . 14 0 . 2 7 0 . 25 -0 . 002 -0 . 02 0 . 18 0 . 1 2 

1 ) Gene t i c  correl a t i ons above t h e  d i agonal , Pheno typ i c  below . 
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The h igh pos i t ive gene t i c  correlat i on b e t ween LFWT 

and H FWT would s ugges t t h a t  ear l i e r  s e l e c t i on f o r  fleecewe igh t c an be 

under t aken . Bu t t he moder a t e  pos i t ive pheno typ i c  correla t ion  i nd i ca t es 

t h a t  LFWT may be  less  accu r a t e  than HFWT in  d e t e rmining f u t u r e  wool  

prod u c t i on i n  an  ind i v iduals l i f e t i me . However , t he rela t i o ns h i p  

be tween LFWT and t he wool t ra i ts  i n  t h i s  s tudy were s i m i lar t o  t h o s e  

b e t ween  HFWT and t h e  woo l  t rai t s . Wi t h  t h e  excep t i on o f  bul k ,  whe r e  

the  r e la t i onsh i p  o f  bulk and LFWT were modera t ely pos i t i ve , a n d  BULK 

and H FWT was low nega t i ve .  The d i f ference in t h i s  rela t i onsh i p  c o u l d  

i n  p a r t  b e  exp l a ined , b y  t he observa t i on o f  Sumner e t  al ( 1 989 ) o f  a 

mod e r a t e  repea tabi l i ty ( 0 . 5 )  be tween lamb bulk and hogge t bulk . 

COLOUR was moderately pos i t i vely correla ted w i th  

f l e e c eweigh t ,  BULK and M FD . The compa r i sons wi th  Bigham et  al  ( 1 98 3 )  

t ended t o  be vari able . The modera te  pos i t i ve corre l a t i on b e t ween 

f l e ec ewe igh t  and colour , was cons i s t en t , as  was t o  a lesser ex t e n t  the 

r e la t i onsh i p  b e t ween MFD and colour . By selec t ing for  i n creased 

f l ee c eweigh t , t he s e  correl a t i ons sugges t  tha t there would b e  a 

corr e l a t ed i ncrease in  COLOUR , i e  f l eece y e llownes s .  On a t echn i cal  

bas i s , this  would cause some  concern due t o  res t ri c t ed wool  dye i ng 

per fo rmance . However , the l imi ted evi dence ava i lable sugges t s  t ha t  

t h i s  measuremen t o f  c lean wool colour i s  n o t  an i nh er i t ed 

charac t e r i s t i c ,  and that  sele c t i on should be  aga i ns t the i n c i dence  o r  

sucep t ab i l i ty  t o  d i s colou r i ng ( Knigh t , 1989 ) . 

Loose wool  bulk generally had a moderat e ly nega t i v e  

rela t i on s h i p  w i t h  H FWT , CFWT , YIELD and STLEN (Table 4 . 9 ) . Whi l e  t h e r e  

i s  v e r y  l i t t le i nf o rma t i on o n  bulk , these correla t i ons a r e  cons i s t en t  
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w i th  B i gham e t  al ( 1983 ) . From Aus t ral i an wor k ,  s i mi la r  r e s u l t s  have 

been o b t a i n e d  w i t h  Res i s t ance to  Compress i on ( R  t o  C )  and f l e ecewe igh t ,  

y i eld and s taple l eng th  ( Mo r t imer , 1987 ) .  I t  i s  also cons i s t en t  w i t h  

t h e  resu l t s  o f  Dunl o p  e t  a l  ( 19 7 4 ) where the s ho r t , fine , c r i mpy wool s  

where found t o  have s igni f i can t ly more  bulk than the long , coarse , l e s s  

c r i mpy woo l s . The l ow pos i t ive gene t i c  correla t i on and the  low 

nega t ive  pheno typ i c  correla t i on be tween BULK and MFD  was s im i lar  t o  the  

correla t i ons  be tween f i bre d i ame t e r  and  R to  C repor ted by  \Ja t son et  a l  

( 1 9 77 ) . Bo t h  BULK and R t o  C are i n f luenced ma inly by f i b r e  d i ame t e r  

and c r i mp f r equency , a l t hough the h e l i cal f i bre shape i n  t h e  Down type 

wools  resul t i n  h i gh values ( Teasda le , 1987 ) .  Th i s  rela t i ons h i p  woul d  

expla i n  t he observed l o w  pos i t i ve gene t i c correla t i on a n d  the  low 

nega t ive  phen o typ i c  correla t i on be tween fi bre d i ameter  and bul k  o r  R t o  

c .  

From  t he resul t s  presen ted earl ier , mos t  o f  the var i a t i on i n  

bulk  i s  be tween-breeds . Therefore , the wi th in-breed her i t a b i l i ty i s  

l ow and t he be tween-b reed her i t ab i l i ty i s  h i gh .  The nega t ive  

c o r re la t i ons of  BULK w i t h  the  o t h e r  wool t ra i t s  would t end to  suppo r t  

t he conce p t  o f  s p e c i al i s t  l ines . Th i s  would requ i r e  suf f i c i en t  p r i c e  

p remium t o  o f fs e t  t he correla ted reduc t i on i n  f leecewei gh t  and wool  

q ua l i ty t ra i t s . However ,  t here s t i ll needs t o  be more i n ve s t igat i on 

i n t o the  i nh er i t ance o f  bulk and i t ' s rela t i on sh i p  wi t h  o th e r  t ra i t s , 

p ar t i cularly o n  t he pos s i b i l i ty of  a maj or  gene wi t h i n  cer t a i n  breeds  

and also the  e f f ec t s  of  selec t i on f o r  increased fleecewe i gh t  i n  t h e  

h igh bulk Down b r eeds . 

Un t i l  favourable price  d i f f e r en t ials  are  apparen t w i t h i n  t he 



page 95 

v a r i ous obj ec t i ve measuremen t s , greasy f l eeceweight should rema i n  the  

m a i n  wool s e l e c t ion c r i t e r i a . From h i s tor i cal  da t a ,  McPherson  ( 1 98 2 )  

and W i ckham and McPherson ( 1 985 ) con c luded t ha t  more sele c t i on emphas i s  

was requi red on f leecewe igh t due t o  the economi c and apparen t 

f avourabl e  changes i n  wool  qual i ty t ra i t s . Wh i le there were some 

advan tages i n  t he selec t i on of  c e r t a i n  woo l quali ty t ra i t s , i t  was 

t h ough t t h a t  t h e  po t en t i al gains i nvolved were not wor t h  t he e f f o r t  

i nvolved i n  t he i r  measuremen t .  W i t h  the prac t i ce of s econd shea r i ng 

t h e r e  would a l s o  be some i m po r t ance a t t ached t o  s taple leng t h ,  as 

re t u rns d ropped when s t a p l e  l eng th  was below about 7 5 mm .  I t  would  

s t i l l  would be necessary t o  be awar e  o f  po t e n t ial ly un favourable  

c o r re l a t ed responses o f  i n c reas i ng f i bre d i ame t e r  and y e l l owness  and 

d e c reas i ng l oo s e  wool bulk . 

4 . 4 . 3  The Corre lat i ons Be tween L i vewe ight  and Fleecewe igh t  

The r e l a t i onsh i p  be tween f l e e cewe i gh t  and l i vewe igh t was 

v a r i able and i ncons i s t e n t  

c o rrela t i ons ( T a b l e  4 . 10 ) . 

be tween t h e  gene t i c  and phen o t y p i c  

Thi s  was par t i cu l a r ly obvi ous i n  the  

c o r r e l a t i ons be t w een LFWT and the l i vewe i gh t s . In  general ,  the  gene t i c  

and pheno typ i c  c orrela t i on s  be tween hogge t f leeceweight and l ivewe i g h t  



Table 4 . 10 :  The Gene t i c  and Pheno typ i c  Correlat i ons Between 

t he Wool and L i vewe igh t  Trai t s .  

i ) Gene t i c  Correla t i ons 
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TRAIT LF\JT HFWT CFWT YIELD STLEN BULK MFD COLOUR 

WT -0 . 60 -0 . 18 -0 . 14 0 . 18 0 . 15 0 . 1 7 -0 . 88 -0 . 29 

J\JT -0 . 36 -0 . 1 6 -0 . 1 3 0 . 1 5 -0 . 06 0 . 35 -0 . 57 - 0 . 24  

F\JT -0 . 2 3 0 . 05 0 . 1 1  0 . 4 1 -0 . 02 0 . 26 -0 . 42 - 0 . 3 1 

AVT -0 . 48 0 . 04 0 . 09 0 . 40 0 . 33 -0 . 62 -0 . 34 - 0 . 32 

UFD 0 . 49 0 . 58 0 . 56 0 . 1 8 0 . 47 0 . 12 0 . 47 0 . 3 1 

AUFD 1 . 00 0 . 84 0 .  7 7  -0 . 02 0 . 58 0 . 42 0 . 78 0 . 6 1 

i i ) Pheno t y p i c  correla t i ons 

TRAIT LFVT HFVT CFVT YIELD STLEN BULK MFD COLOUR 

l;l\JT 0 . 35 0 . 09 0 . 07 -0 . 03 0 . 05 -0 . 1 1 -0 . 05 - 0 . 04 

J\JT 0 . 45 0 . 1 4 0 . 14 0 . 02 0 . 01 -0 . 07 -0 . 01 -0 . 07 

FVT 0 . 40 0 . 1 9 0 . 1 7 0 . 02 0 . 07 0 . 08 0 . 03 0 . 01 

AVT 0 . 35 0 . 37 0 . 35 0 . 03 0 . 1 5 0 . 02 0 . 1 3 -0 . 03 

UFD 0 . 1 3 0 . 1 3 0 . 1 3 0 . 02 0 . 14 -0 . 01 0 . 1 2 - 0 . 05 

AUFD -0 . 01 -0 . 03 -0 . 02 0 . 00 3  0 . 09 0 . 01 0 . 06 -0 . 04 



Table  4 . 1 1 :  The  Gene t i c  Correla t i ons Be tween 

the Wool and Carcass Trai t s . 

TRAIT LFWT HFWT CFWT YIELD STLEN BULK 

MWT 0 .  7 4  -0 . 1 6 -0 . 22 -0 . 63 0 . 1 9 1 .  5 1  

P LWT -0 . 05 -0 . 47 -0 . 48 -0 . 55 -0 . 34 0 . 69 

PUFD 0 .  7 4  -0 . 4 1 -0 . 3 7 -0 . 1 4 -0 . 3 9 0 . 7 6 

PAUFD 1 .  7 3  0 . 1 6 0 . 26 0 . 8 1 -0 . 1 9 0 . 90 

H CWT 0 . 1 3 -0 . 45 -0 . 48 -0 . 59  -0 . 2 5 0 . 75 

CLEN - 1 . 48 -0 . 1 6 -0 . 10 0 . 2 7 -0 . 6 2 -0 . 8 9 

GR 1 . 00 0 . 64 0 . 60 0 . 40 0 . 1 3  0 . 2 1 

c 0 . 9 1 0 . 49 0 . 49 0 . 49 0 . 0 1 0 . 23 

T S F  0 . 55 0 . 2 3 0 . 2 2 0 . 1 9 0 . 1 8 -0 . 2 3 

PCSF 0 . 84 0 . 41 0 . 3 7 0 . 08 0 . 03 0 . 29 

T I F  0 . 47 0 . 1 2 0 . 05 -0 . 3 3 0 . 08 0 . 01 

PCIF  0 . 74 0 . 2 4 0 . 1 6 -0 . 3 3 0 . 1 4 0 . 06 

TLEAN -0 . 7 3 -0 . 4 1 -0 . 35 0 . 03 -0 . 1 6 0 . 1 2 

PC LEAN -0 . 67 - 0 . 26 -0 . 2 3 -0 . 02 -0 . 1 3 0 . 34 

TB  ONE - 1 . 05 -0 . 22 -0 . 20 -0 . 07 -0 . 2 4 -0 . 55 

PCBONE -0 . 98 -0 . 10 -0 . 06 0 . 1 7 -0 . 12 -0 . 84 

MFD 

- 0 . 07 

- 0 . 38 

- 0 . 18 

0 . 10 

- 0 . 27 

- 0 . 7 3 

0 . 50 

0 . 12 

0 .  22 

o .  32 

0 .  22 

0 .  29 

- 0 . 20 

0 . 01 

-0 . 60 

-0 . 64 
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COLOUR 

0 . 44 

-0 . 14 

-0 . 04 

0 . 32 

-0 . 05 

-0 . 4 1 

0 . 47 

0 . 29 

0 . 07 

0 . 46 

0 . 38 

0 . 44 

-0 . 38 

-0 . 25 

-0 . 36 

-0 . 4 7 
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T h i s  l ow t o  moderat e  r e la t i on s h i p  be tween l ivewei gh t  and f l e ecewe igh t 

h a s  been o b s e rved i n  t he l i t erature  eg Baker e t  al  ( 197 9 ) , T a i t ( 198 3 ) . 

However , low nega t i ve es t i ma t es b e t ween f leecewe igh t and 

l i vewe i gh t  h ave been r e por t ed i n  the l i terature  ( eg Baker e t  a l  ( 1 9 7 9 ) 

u s i ng r eg r e s s i on me t hodology and a l s o  in  overseas  s tud i e s  eg Turner and 

Young ( 1 9 69 ) , Cunningham and Gj edrem ( 1 9 7 0 ) ) .  Bu t f rom long t er m  

s elec t i on experi men t s , selec t i on f o r  e i t her  i n c reased f leecewe i gh t  o r  

bodywe i gh t  h a s  found t o  i ncrease t h e  o ther  ( eg Blai r , 198 1 ;  Davi s  and 

M c Gu i r k ,  1 9 8 7 ) .  In  the  las t 3 years analys ed , Blai r ( 1 986 ) repo r t e d  

t h a t  l i vewe igh t accoun ted  f o r  only 1 7 %  of  t h e  f leecewe i gh t  r e s ponse i n  

t h e  ewes . Mos t of  the  responses could  be c l as s i f i ed as negl i g i b l e  t o  

l o w  pos i t i ve . From t he Aus t ra l i an M e r ino l i nes s e lec ted f o r  h igh and 

l o w  wean i ng w e i gh t ,  Pa t t i e  and �i l l i ams ( 1 9 6 7 ) and Dav i s  ( 1 98 7 )  

con cluded t h a t the main rela t i onsh i p  be tween l i vewe i g h t  and 

f leecewe i gh t  was through t he wool growing sur face area . 

The gene t i c  co rrela t i ons o f  YIELD , STLEN and BULK were  

negl i g i ble  t o  modera t ely 

t he excep t i on of BULK and 

pos i t i ve w i th l i vewe i gh t  (Table 4 . 1 0 ) , wi t h  

A�T whi ch was moderately nega t i ve .  I n  

con t ras t ,  t he gene t i c  correla t i ons were moderat ely nega t i ve be t ween MFD 

and l ivewe i gh t , and lowly nega t ive be tween COLOUR and l ivew e i gh t .  F o r  

m o s t o f  the  pheno typ i c  correla t i ons b e t ween the wool charac t e r i s t i cs 

and l ivewe i gh t  were negligible . Thi s  i nd i ca t ed t h a t  l i vewe igh t 

generally has  l i t t le  e f f e c t  on t he express ion o f  t hese t ra i t s .  

There  i s  l i t t l e  informa t i o n  i n  the  l i terature  o n  t h e s e  

r e l a t ions h i p s , b u t  the  l i mi t ed evidence would t end  t o  sugge s t t h a t  i n  
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Dav i s  and 

McGui rk ,  1 9 8 7 ) .  Probably mos t o f  these  relat i ons h i ps can be a t t r i bu ted 

to t he more general rela t i onshi p  o f  f l eeceweigh t  and l iveweigh t . Dav i s  

( 19 8 7 )  cons i de r ed that  t h e  corre l a t ed responses i n  t h e  wool  qual i ty 

t ra i t s , a f t e r  d i re c t  s e l e c t i on f o r  wean ing weight  i n  Aus t ra l i an 

Mer i no s , could  be a t t r i bu t ed t o  t he cor r e l a t ed response in 

f l e ecewe igh t . 

4 . 4 . 4  The Correla t i ons Be t ween Fleecew e i gh t  and 

Carcass Trai t s  

There was n o  c l ea r  rela t ions h i p  be tween l ivewe igh t o r  HCWT 

and LFWT , however HFWT and CFWT were general ly low t o  mode ra t ely 

nega t i vely c o r r ela t ed wi t h  l i vewe igh t and HCWT ( Table 4 . 1 1 ) .  In the  

carcass  t rai t s  t here was li t t le d i f ference b e t ween LFWT and HFWT 

c o r re l a t i ons excep t in t h e  magni tude , wh i ch could be  at t r i bu t ed t o  the  

d i f f e rences in  her i tab i l i ty es t ima t es used . F leecewe i g h t  was low  t o  

mod e r a tely pos i t ively c o r r e lated wi t h  the var i ous measuremen t s  o f  

carcass  fatnes s , and low t o  modera tely  nega t i vely as soc i a t ed w i t h  l ean 

and bone con t en t s . 

The gene t i c  c o r r e la t i ons be tween the wool charac t er i s t i cs and 

t h e  c a r cass t ra i t s  were s i m i lar to those  between the  carcass t ra i t s  and 

HF�T and CF�T ( Table 4 . 1 1 ) . This  was excep t for t he low to moder a t e  

pos i t i ve gene t i c correla t i on  between BULK and lean con t e n t  There i s  n o  

apparen t reaso n  for  these  t rends apa r t  f rom t h e  rela t ions h i p  o f  t h e s e  

wool  charac t e r i s t i cs t o  f leecewe i gh t . There may also be a n  i n f luence 

due  to  t he d i f f erent  breeds used , because there were s i gn i f i can t b reed 
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mean d i f f erences i n  the  wool  and carcass t ra i t s . 

B o t  kin  

These rela t i onsh i ps tended to  be very  s i mi lar t o  t hose  o f  

e t  al  ( 19 7 1 ) ,  except  carcass C .  The nega t ive  gene t i c  

correla t i on between f le ecewe ight and carcas s C by Botkin e t  al  ( 19 7 1 )  

appears t o  be i ncons i s t en t  wi t h  the pos i t i ve correl a t i on be tween 

f l eecewe i gh t  and t o t a l  fat  weigh t repor t ed by  t hem and this  s tudy . 

However , i t  i s  necessary t o  keep in mind t h e  d i f ferences be tween t he 

two s t u d i es . There  were  a number o f  d i f ferences involved be tween t h e  

t r i als o f  Johnson e t  a l  ( 1 968 ) and Botkin  e t  a l  ( 1 9 7 1 )  and t h i s  s tudy , 

par t i cu l a r ly in  the  b r e eds involved ( apparel type  vs carpe t type ) and 

the  exper i men tal des i gn .  The lambs used in  t h e i r  s tudy were s e l f - f ed 

an pel l e t ed ra t i on be f ore being slaugh t ered a t  SOkg l i vewe i gh t .  

Overall , the  resul ts  would t end t o  suppo r t  the  conclus i on o f  Johnson e t  

a l  ( 1 968 ) and B o t ki n  e t  al ( 1 9 7 1 )  that  t h e r e  i s  some an t agon i s m  i n  

a n i mals fed t o  a heavy cons t an t  we i gh t  be tween t h e  measuremen t s  o f  

f leece grow t h  and mea t i ness  a t  slaugh ter . 

4 . 4 . 5  The Co r rela t i ons Be tween U l t ra-sonic  Backfa t Dep t h  

And The O t h e r  Trai t s  

4 . 4 . 5 . 1  Cor r e la t i ons Be tween U l t ra- s o n i c  Backfat Dep t h , 

Liveweigh t  and Carcass Trai t s  

Many s tudies  have shown f a t  to  b e  t he mos t vari able  t i s s u e , 

w i th the  grea tes t i n fluence on the  carcass compos i t ion ( Be rg , 1982 ) . 

I n  sheep , f a tness  has b ec ome a maj o r  concern p ri mari ly due t o  d i e t  

c o n c i ous consumers and many s tud i es have concen t ra ted on t he evalua t i on 
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o f  f a tness  on the  l ive anima l , such as t he u l t ra-sonic  p robe ( Thomp s o n , 

1985 ) . 

The corr e la t i ons be t ween weigh t -adj us ted UFO and unadj u s t ed 

UFO were  generally h ighly pos i t ive ( Tables 4 . 4 ,  4 . 5 ,  4 . 8 ) . The UFD ' s 

were modera t e  t o  h ighly pos i t i ve correla t ed wi t h  the  measuremen t s  o f  

carcas s fat , and modera t e  to  h i ghly nega t i ve wi t h  l ean and bone t i s sue  

con t en t s  ( Tables 4 . 5 ,  4 . 6 ,  4 . 8 ) . S i mi lar correla t i ons be t ween UFO  and 

C were repo r t ed by Benne t t  et al ( 1 983b)  and Parra t t  et al  ( 1 987 a )  and 

be tween UFO and GR by Parra t t et al ( 1 987a) . In t he woo l  d a t a  s e t , t he 

rela t i on s h i p  be tween the unadj us t ed UFD and l i vewe igh t was l ow t o  

modera t e ly pos i t i ve ( Table 4 . 4 ) ,  wi t h  the magni t ude inc reas i ng t o  t he 

t i me when the s can was taken . In  con t ras t ,  the AWT-adj us t ed UFO was 

negl i g i b l e  and sugges t ed the pat t ern of  maturi ty of  the  subcu taneous 

fat  dep o t  rela t i ve to  l i vewe igh t .  Gene rally the rela t i onsh i p  be tween 

UFD and l i vewe igh t  was low t o  moderat ely pos i t ive . 

The correla t i ons i n  t h i s  s tudy be tween UFO and l i vewe igh t and 

also ho t carcass we i gh t , are mode rate  t o  h i gh ly pos i t ive ( Table 4 . 5 ) . 

In con t r as t t o  t hi s ,  t he gene t i c  correla t i ons be tween CLEN and UFD were  

h ighly n ega t ive , and the pheno typi c  correla t i ons were l owly nega t i v e . 

Purchas e t  al ( 1981  and 198 2 ) had n o t ed that  i n  a compar i s on o f  Romney 

and Sou t hdown on t h e  bas i s  of UFDs , the  f a t t er animals were s ho r t e r  

t han t h e  l eaner ani ma l s . S i m i lar  resul ts were found l a t e r  i n  t h e  

Sou thdown selec t i on l i nes b y  S o l i s  ( 1988 ) and Kadi m  ( 1988 ) . B u t , Sol i s  

( 19 8 8 )  f ound that  s elec t ion on wei gh t -adj u s t ed UFO had n o t  a f fe c t ed 

grow t h  r a t e  o r  

l i vewei gh t  the 

l i veweigh t . In  t h i s  s tudy , a f t er adj us t i ng f o r  

UFO t he pheno typi c  correl a t i ons be t ween l i veweigh t and 
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AUFD were  smal l .  Thi s  would be  expe c t ed s ince the  v ar i a t i on due to  

l ivewei gh t  has been  taken into  accoun t . 

The current  lamb expo r t  grad i ng sys tem ( NZMP , 1 98 7 ) i s  based 

on the measureme n t  of carcass weigh t  and the t i ssue dep t h  GR . Th i s  

sys t e m  has been s hown t o  accoun t f o r  70  t o  80% o f  t he var i a t ion  i n  t he 

percen t age weigh t o f  the  f a t , lean and bone t i ssue c om ponen t s  ( K i r ton 

e t  al , 1 985 ; K i r t on et al , 1 9 8 6 ) .  By us i ng l i near measuremen t s  for 

carcass class i f i ca t i on , b i ases due t o  b reed and s ource  o f  ani mals 

( par t i cu larly i n  research ) are excep ted  ( K i r ton et al , 1 9 86 ) . The 

i mmed i a t e  aim of any breed i ng plan wou l d  be t o  explo i t t h i s  sys t e m  by 

the produc t i on of large lean an i mals . Wh i le there has been l i t t l e  

d e f in i t i on o f  t h e  requi red c r i t e ria  f o r  large l ean an i mals , i n i t i a l ly 

t h e  a i m  woul d  be t o  produce an i mals whose carcass we i gh t  i s  over 1 7  kg 

and reduce  the i r  t i ssue d e p t h  GR t o  und e r  7 . 5  mm . In  t he long t e rm , 

b reed i ng obj ec t i v e s  should  be f o r  an i n c rease i n  the t o tal  amoun t o f  

l ean t i s sue and f o r  a reduc t i on i n  t o tal  f a t  con t en t . 

W i th  t he h i gh corre la t i ons of  l i veweigh t  wi t h  h o t  carcass 

weigh t , s e l e c t i on for i n c reased l ivewe i gh t  at any age would apparen t ly 

mee t  t h e  a i m  t o  i n c rease carcass weigh t . K i r ton e t  al  ( 1986 ) also 

observed t h a t  the  comb i nat i on o f  the carcass C fat  measuremen t and 

c a r cass w e i gh t  woul d  accoun t f o r  s l igh t ly l e s s  var i a t i on in the  per c en t 

c a rcass t i ssues t han u s i ng GR and carcass weigh t . Thi s  would t end t o  

sugges t t ha t  a n  u l t ra-soni c backfat ass e s s men t o f  carcass C adj us t ed 

f o r  l i vewe igh t  may be a sui table l ive-an i mal measuremen t o f  f a t n es s . 

The h igh pos i t i ve correla t i ons o f  we igh t - adj u s t ed UFD w i t h  GR and C by 

t h i s  and o ther  s tud i es ( eg Wol f  e t  al , 1 98 1 ;  Parra t t e t  al , 1 9 8 7 a )  
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w o u l d  s ugges t  t h a t  t h i s  measuremen t can be  u s e d  as an l i ve-an i ma l  

s e l e c t i on c r i t eria  to reduce fa tnes s .  

Based on these correla t i ons , selec t i on agains t UFO woul d  be  

e x pe c t ed t o  reduce t he GR  and C measuremen t s  in  t he i n t e rmed i a t e  

p e r iod . In  t h e  longer t e r m ,  i t  wou ld be expec t e d  t o  reduce ove r a l l  

f a t ness  and increase t h e  amoun t o f  lean and bone t i ssues . T h e  resul t s  

o f  Fennessey e t  al ( 1 982 ) wi th  Coopwo r ths , Benne t t  e t  a l  ( 1 9 8 3 a )  w i t h  

S o u thdowns and Su f folks , and Kad i m  ( 1 988 ) wi t h  Sou t hdowns , have shown 

t ha t  there  a r e  have been s igni f i can t changes pos s i ble  in carcass C .  I t  

i s  unce r t a i n  i f  there are  correla t ed changes i n  f a t , l ean and bone 

a f t e r  selec t i on on ul t ra-son i c  backfat dep t h .  Kad im ( 1 988 ) repo r t ed 

t h a t  a t  a cons t an t  carcas s  s i de we i gh t  tha t t h e re were s ign i f i can t 

d i f ferences i n  these t i s sues , bu t there  was no d i f ference i n  the  a c t ua l  

we i gh t  d i s t r i bu t i on o r  p l a c emen t . 

However ,  i t  wou l d  be more real i s t i c  t o  d e t ermine whe t h e r  o r  

no t i t  i s  n eces sary t o  s e le c t  aga i ns t fatness . F o r  sele c t i on i t  woul d  

r e su l t  i n  a fur ther measuremen t and therefore  ano t he r  t ra i t f o r  

s e l e c t i on . T h e r e  a r e  a l s o  problems wi t h  the  t i me of  measuremen t o f  

b a c k f a t  dep t h ,  s ince fat  i s  t h e  mos t variable carcass t i s sue . Bea t s on 

( 1 9 8 7 )  repo r t ed that  wei gh t -correc t ed backfat d e p t h  in  Coopwo r t h s  was 

m o r e  rel i ab l e  in July ( ab o u t  10 mon ths  of  age ) t han in e i t h e r  Apri l  o r  

O c t ober . I t  was though t that  t h e  Apr i l  fat  d e p t h s  may b e  compromi sed 

by low fat d e p t h s  a f t er u n f avourable summers , whi le accura t e  O c t o b e r  

measureme n t s  were con founde d  by fat  layers being d e pos i t ed d u r i ng rapi d  

s p r i ng grow t h . In the l ong t e rm , t here may be a po t en t ial  problem o f  

m a i n t a i ni ng s heep wi t h  adequate  f a t  s t ores t o  enab l e  t hem t o  survive i n  
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s t r e s s ful cond i t i ons , whi l s t  a t  t he same t ime produc i ng o f f s p ri n g  w i t h  

l ean carcasses a t  marke t we ights  ( Bu t t e r f i eld , 1988 ) .  

Cons i d e r i ng t ha t  an impor tan t result  o f  the be tween breed  

s tud i es was t h a t  l a t e r  ma t u r i ng breeds were  leaner a t  a con s t an t  age  o r  

wei g h t  ( Thompson , 1985 ) , selec t i on aga ins t f a t ness m igh t n o t  be  

neces sary . In  t he calcula t i on of  selec t i on  ind i ces  has h i gh l igh t ed t h e  

impor t ance of  carcass  we igh t in  t h e  f i nal re turns ( S imm 198 6 ; Parra t t  

and S i mm ,  1 9 8 7 ; S i mm e t  al , 1 987 ) . These  vari ous resul t s  would appear 

t o  r e l a t e  t o  the  generally pos i t i ve gene t i c  correla t ion be tween the UFO 

and l i vewe igh t . Rae ( 1 984 ) has prov i ded some es t ima tes  o f  t he 

pred i c t ed annual gene t i c  change at a cons t an t  age f o r  var i ous s e l e c t i o n  

ind i ces . Selec t i on based so ley on li v ewe igh t would lead t o  small 

incr eases in  t h e  GR measuremen t and i n  percent chem i cal f a t . Only 

selec t i on on we i g h t -adj u s t ed ul t ra-son i c  fat dep t h  and res t r i c t i ng 

carcass we igh t  would reduce  GR and percent  chemi cal fat . A l t h ough , 

s e l e c t i on for l i veweigh t  alone at a cons tan t carcas s weigh t would  t end 

to reduce fatnes s . In the  wi th in-f lock ranki ng of rams on t he i r  

fa t - f ree  carcass w e i gh t , N i c o l  and Parra t t  ( 1 984 ) repor t ed t h a t  t he 

inclus i on o f  f a t  depth  es t ima t i on wi t h  l iveweigh t would markedly 

i n c r ease  the  e f f i c i ency o f  ranking of  two - t oo th rams over l i vewe igh t 

alone . 

4 . 4 . 5 . 2  Correla t i ons Be tween Ul t ra-soni c  Backfat  Dep t h  

And The Vool Trai ts  

The  pos i t i ve gene t i c  correla t i ons of  both  LFVT and BULK w i t h  

the  v ar i ous UFO measuremen t s  i s  t he cons i s ten t feature o f  b o t h  d a t a  
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s e t s  ( Tables  4 . 10 ,  4 . 1 1 ) . For  the o ther  w o o l  t ra i ts the magn i t ude o f  

t h e  gene t i c  correla t i ons  were smaller  i n  the  meat  d a t a  s e t  t han t h e  

w o o l  d a t a  s e t .  The pos i t ive gene t i c  c o r rela t i on b e t ween 

w e i gh t -adj us t ed UFO i s  and the o ther  wool  t ra i t s  were also  cons i s t en t , 

bu t the magni tudes are d i f feren t . The correla t i on s  of t he unadj us t ed 

UFO were o f  oppos i t e s igns . 

Bo tkin  e t  a l  ( 1 9 7 1 )  had also r e po r ted pos i t i ve , bu t 

neg l ig i b le gene t i c  and pheno typ i c  correlat i on s  be tween greasy 

f l e ecewei gh t  and l ivewe igh t -adj us t ed UFO a t  s laugh t er . The nega t i v e  

gene t i c  c o r r e l a t ions be tween hogge t fleecewe i gh t  and UFO r e po r t ed by 

M cEwan e t  al ( 1 984 ) were i ncons i s t en t  wi th  the pos i t i ve pheno t y p i c  t ha t  

we r e  also  r e po r t ed .  These pos i t i ve correla t i ons were  cons i s t e n t  w i t h  

Bo t kin e t  a l  ( 1 9 7 1 )  and t h i s  s t udy . There may o f  been an e f f e c t  due 

the d i f feren t t i mes o f  measuremen t b e t ween the s tu d i es , and also McEwan 

e t  al  ( 1 9 8 4 )  used anima l s  f rom selec t i on l i nes . H owever , the  es t i ma t ed 

r e a l i sed gene t i c  c o r rel a t i ons , a f t e r  9 years o f  selec t i on , were l ow 

p o s i t ive . Parrat t e t  a l  ( 1 98 7 b )  obse rved tha t a t  a cons t an t  age , t h e r e  

was n o  d i f f e rence a t  8 mon ths o f  age in  u l t r a-son i c  backfat  dep t h  

b e t ween t he l ine selec t e d  f o r  hogge t f leecewe i gh t  and the con t rol  l in e . 

Bu t a t  a cons tan t weight  t he hogge t f leecewe ight  l ine was s i gn i f i can t ly 

f a t t e r  t han the  con t ro l  l i n e . 
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A n  i mpor t an t  s t e p  in  dec i d i ng t h e  a b r e e d ing obj e c t i ve f o r  

t h e  dual-produc t i on of  mea t and wool , i s  t o  d e t e r m i ne whi ch t rai t s  t ha t  

would  mee t t he curren t and fu ture marke t requi r emen t s . I n  t he wool 

indus t ry ,  clean fleecewe i gh t  would appear t o  rema i n  the maj o r  t rai t i n  

t h e  obj e c t ive , unless  s u f f i cent  p r i ce premi ums appear f o r  c e r t a i n  wool 

q ua l i ty t ra i t s  eg loose wool  bulk . However in  t he long t e rm , the  

c o rr e la t i ons sugges t poss i ble  problems of  inc reas i ng MFD , COLOUR , and 

d e c reas i ng BULK . Bu t the  presen t ly avai lable i n forma t i on sugges t s  

l i t t le advan t age in  t h e  s e l e c t ion o f  t hese t rai t s . 

Vhi l e  selec t i on for  l i vewe igh t woul d  apparen t ly reduce 

f a t ness  at  a cons tan t  we i gh t , there  is  l i kely  to be an unde s i rable 

c o r rela t ed i n c rease in  the GR grad i ng measuremen t .  The mod e ra t e ly 

pos i t ive corr e la t i ons of l i vewe ight and f leecewe i g h t  w i t h  u l t ra-so n i c  

backf a t  d e p t h  would appear t o  nega t e  t h e  asso c i a t ed advan tages o f  t he 

reduc t i on i n  carcass fatnes s . 

The gene t i c  corr e l a t i ons be tween the wool  and meat  t ra i t s  

were  small  t o  moderate  in  magni t u d e . The modera tely pos i t ive  

c o r r e l a t i ons be tween fleecewe igh t and  ' the carcass  measu remen t s  of  

f a t n es s , par t i cularly GR  and C ,  would cause  some long t e rm p roblems 

w i t h  t he cur ren t grad i ng sys t em .  The low negat ive correla t i ons be tween 

f l e e c eweigh t and lean t i ssue  con t en t  may reduce s el e c t i on e f f i c i ency 

for l ean meat and wool p r oduc t i on . But  i s  unli kely t o  be  a maj o r  
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conc ern , s i m i larly wi t h  the low negat ive c o rrela t i on be t ween 

f le ecewe igh t and bone con tent . The correla t i on s  be t ween t he wool 

q ua l i ty t rai t s  and the  meat t rai t s  appeared to f o llow the  s ame 

r e l a t i onsh i p  of  these t ra i t s  t o  f l eecewe igh t . 

The e s t imates o f  t he wi th in-breed her i t ab i li ty i nd i ca t e  t h a t  

m os t  o f  the  t rai t s  would respond t o  s elec t i on . T h e  h igh e s t i ma t e s  o f  

ra t i o  o f  b e t ween-breed gene t i c var iance t o  t he t o t a l  gene t i c var i ance 

i nd i ca t e  tha t selec t i on of  any o f  the  wool t rai t s  and l i vewe i gh t  would 

be  m o re e f f i c i en t  be tween the breeds s tu d i ed , and t hat selec t i on f o r  

t he carcass t ra i t s  should be  wi t h i n  a b reed . I t  would b e  i m po r t an t  t o  

i n i t i ally choose the r i gh t  b reed before  any s elec t i on  f o r  improvemen t 

i s  u nd e r t aken . 

Overa l l , there i s  a rather  supr i s i ng small quan t i ty o f  

knowl edge o f  t h e  relat i ons h i p  be tween mea t and wool p roduc t i on .  A more 

d e t a i led s tudy o f  the rela t i onsh i p  be tween li vewe i gh t ,  f l eecewe i gh t  and 

carcass  chara c t e r i s t i cs is requ i red , par t i cularly in the  grow i ng 

an i ma l . I n  add i t i on , t he theory o f  parame ters  under cross-b reed i ng i s  

i nadequa t e , e s p e c ially cons i d e r i ng t h a t  cross-breeding would b e  the  

i mm e d i a t e  me t hod of  o b t a i n i ng sui table dual-purpose an i mals  for  l ean 

grow t h  and wool p roduc t i on . 
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