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Chapt er I 

I N T R 0 D U C T I 0 N 

Ear ly in the 1 920 ' s ,  Fisher , drigh t  and Haldane provided t h e  

the or e ti c al b as is for s tudi e s  in quan t i tative  inher i tance whi c h  was 

later  e x t ens i v e ly app l i e d  t o  animal bre eding probl ems by Lush ( 1 937 ) , 

Di ckerson and tlazel ( 1 944 )  and o thers . The p ione e r ing work o f  t he s e  

au thors l e d  t o  tne bas i c  con c e p t  o f  mo dern an imal b r eeding i n  w h i c h  the 

obje c t ive is to  c hange the  m e an value o f  a ' population ' ins tead o f  

pu t t i n g  emphas is o n  o b t aining an ideal 'indi v i dual ' as uas common in 

the �ende lian era.  �it h  t ne o c curr ence  o f  t his shi f t  o f  emphas is from 

individuals to popu lations , t he measurements suitable  for non-dis cre t e  

var i a t i o n  had to  be des i gn e d  s o  that t h e  pro d u c t ion figur e s  c ould b e  

ave r aged and s ub j e c ted t o  various s tatis tical analys is . fhe impor t an c e  

o f  m e asur ement i n  animal br eeding has b e e n  dis cus s e d  b y  McBride ( 1 954 ) 

and Turner  ( 1 9 64 ) . 

Mo s t  o f  the e conomi cally impor tan t  char a c ters in farm animals 

ar e quan ti ta tiv e , and in  mos t  cas es their inheritan c e  is poly genic . The 

pheno typ i c  manifes tation of s u ch c har a c ters is sub j e c t  to cons iderable 

m o d i f ic a t ions by environmental influences . I t  is the r e f o r e  cus tomary in 

animal breeding experiments  t o  try to a c c ount for environmental d i f f e r e n c e s  

w hen making a gen e t i c  ass essment o f  a c e r tain c hara c ter . The d i f f e r en c e s  

may b e  e liminat e d  by us ing e s timates  o f  t he e f f e c ts o f  known componen ts o f  

e n vi ronmen tal var iation and adjus ting the r e c ords a c cordingly o r  b y  d e s i gn-
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ing the e xp e r imen ts in such a w ay that the compar is o n s  can b e  mad e  on 

an e quivalent basis . 

The breeder o f  lives t o ck is confront ed w ith  the problem o f  

cho o s ing b e tw e en alt ernative b r e e d ing me thods and i t  i s  ther e f o r e  

impor tan t  for him t o  hav e  t h e  kno�ledge  o f  various gen e ti c  and pheno

typic param e t e r s  to guiae him in predi c t ing the r e s po n s e s  due to a 

par t i cular br ee ding sys tem . 

Mor l e y  ( 1 95 1 ) e mphas i z e d  the impor tanc e  o f  these parame t e r s , 

especially as applie d  to the sheep  bre eding indus try in w hi ch the 

b r e e d er has to  satisfy a marke t whi c h  flu c tua tes consi derably in i ts 

r e lative emphas is on meat and w oo l .  

Rae ( 1 958a) indicated the lack  o f  s uch info rmation in the 

New Zealand Romney Mars h  sheep d e s p i te  the impor tan c e  of this b r e e d  

i n  t h e  s h e e p  indus try o f  Ne w Z ealand . 

Gro enewold ( 1 963) , p o i n t ed ou t the ever p r e s e n t  dan ger o f  

de t er iora t i o n  o f  a trai t  while  t h e  o ther trai ts ar e b eing impr ov e d , 

and s ugges t e d  t he des irability o f  s e l e c tion based on the knowledge o f  

in t e r r e l a ti onships be tw e en the d i f feren t performan c e  tr ai ts . 

Rae ( 1 964 ) , in outlin ing the gene tic probl ems in increasing 

sheep pro duction in New  Zealand , has emphas ized the imp o r t ance o f  

b r e e ding o f  rams under t h e  pr e s e n t  s trat i fica t ion o f  t h e  sheep indus try 

where there  are a relativ e ly small number o f  S tud  farms supplying the 

b r ee ding rams , and where increas e in sheep numbers is sought through 

higher s to cking rates , thus reducing the opportun i ty o f  e w e  culling. 

Thus theore t i cal  cons i de ra t ions as well as practical n e c e s s i ty 
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j us tify any inv e s t i ga tions that provi de information on different  gen e ti c  

and pheno typic parame ters for pro du c t iv e  traits , esp e c ially i n  dual

purpos e sheep s uc h  as N e w  Zealand Romney Marsh , wher e  index s e l e c tion 

combinin g var ious woo l and mutton charac t ers , as suggested by Lush ( 1 945 ) , 

Terrill and Haz e l  ( 1 953 ) , Karam e t  al . ( 1 95 3 )  and Groenewold ( 1 963 ) , can 

be the mos t e f f i c i en t  way of increasing over-all produc tiv i ty . 

Lush (1 945 ) , poin t e d  out tha t  the fo llowin g information was 

n e e de d  for cons truc ting an index : -

1 .  Heritability o f  each trai t . 

2 .  Relative e c onomic impor tan c e  o f  each trai t . 

3 .  Pneno typic  and Gene tic Corr e lations betwe en the trai ts . 

4 .  �tandard de via tions o f  each trai t . 

rhis s t udy provides information o n  the magnituae of vari ous 

gen e tic and pheno typi c parame ters for gr e asy fle e c e  wei ght , hair in ess , 

and s taple length o f  �omney Marsh she e p  whi ch may b e  compared w i th the 

e s t imates  published by Rae (1 958a ) . A considerable amoun t o f  da ta has 

a c c umula t e d  at Massey University sin c e  his work was published , and r e cords 

for ho gge t liv e-we igh t , mean fibre diame ter and crimps per inch w ere also 

avai lable for analysis . Therefore , i t  is also intended t o  o b tain para-

meters for these addi tional traits for  w hi c h  no information per taining to 

Romney Marsh sheep o f  New  Z ealand appears to have b e en pub lished. 

The s ummary of the s cope of this work is outlin e d  b elow . 

1. Charac ters under c onsideration -

( a )  Greasy fle e c e  wei ght CY1). 
( b )  Hogge t live- weigh t  (Y2). 
( c ) Hairiness (Y3). 



( d ) Mean fibre  diame ter  CY4). 
( e ) 3taple length  (Y5). 
( f ) C r imps per inch  (Y6). 

2 .  Environmen tal  fac tors -

(a ) Y e ar o f  bir th . 

( b ) Age o f  dam . 

( c ) Type o f  b i r t h .  

(d) he gr e s s ion o n  date o f  bir th 

3 .  �s t imat es o f  pheno typ i c  parame t e r s  -

( a ) heans . 

( b ) Varian c e s . 

( c ) Correlat ions . 

4. �s timates o f  Gene t i c  par am e t ers -

( a ) Her i tabi li ty . 

( b ) G ene t i c  c orr elations . 

A br i e f  r e vi ew o f  literatur e ,  me tno d  o f  analy s is , resul ts 

and d i s cuss ions ar e i n c luued and are presented  as shown in t he rabl e  

o f  C o n t en ts .  

4 
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Chap t e r  II 

RE V IE;Vi 0 F L I T E R A T U R E 

A. I NrRODUCTION 

5 

Jhen the obvious cau s e s  o f  var iation hav e  b e en remov e d , w e  

expect that t he pheno typic av erage o f  a group o f  animals would als o  b e  

i t s  gen e tic ave r age s ince the plus and minus deviations o f  t h e  environ

ment wo uld cance l each o ther ou t .  

The r e  is an abundance o f  e s t i mates  o f  v ar ious environmental 

e ff ects espe cially for American b r e eds of sheep such as Rambouill e t , 

Co lumbia, Tar gh e e  e tc. , reported t hrougho u t  the literatur e . (Haz e l  

a n d  Terrill , 1 945 ; Haze l ,  1 946; Terri l l  � al . , 1 94 7 ,  1 948; Karam 

e t  al . ,  1 953; Cas s ara e t  al.,  1 95 3  and o thers ) . 

kor ley (19 5 1 ) ,  �ae (1 9 5 6 ) ,  Turner (1 956 ) and Terrill  (1 958 ) 

have made ext ensive  review s  o f  the l i t er atur e  on s heep  b r e e ding and have 

giv en the magn i tude of dif ferent  environmen tal e f fects , her i t abi li t ie s , 

gen e t i c  and pheno typ i c  corr e lations for various produ ctive trai ts o f  

d i fferent br e e ds o f  s heep . 

Heri tability , defin e d  as the proportion o f  t he phen o typic 

varian c e  due  t o  t he average e f f e c ts of genes ,  is the fundam ental gen e t i c  

parame ter . Combined w ith the  s el e c tion d i f f eren tial i t  provides an 

e s t imat e  of the p ermanent gene t i c  impro vement to be exp e c t e d  among the 
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pro geny . 

In formati on on gen e t i c  and phenotypi c associa tions amon g  the 

imp ortan t economic charac ters are esp e c ially valuable in sheep impro ve

ment where s e l e c tion for the s imultaneous improvemen t  of two or more 

characters is the rule r a ther than an ex c ep tion . 

The pres e n t  rev iew is intended , mainly, to deal wi th environ

mental fac tors such as year of  birt h ,  age o f  dam , type of b ir th and 

regression on age . The estimates o f  he ri tab i lities and gen e t i c  and 

pheno typic  correlations repo rted in the literatur e  have been presen t e d  

in Tables 1 ,  2 and 3. 

for each trait . 

A brief  outline o f  these will b e  given s eparately 

B . GREA.SY FL.w.wCE .1.c;IGHT 

1 .  Environmental e ff e c ts 

Turner ( 1 95 6 )  no ted that in the nus tralian Kerino , tne Ame ri c an 

Rambouille t and allied breeds , the c o e f f i c i ent  of pheno typ ic  varia tion of  

gr easy flee c e  fell in the range of 10  - 17 percen t .  Though e xa c t  f i gures 

for t he environmen tal component of this var ia tion is n o t  known, the lit

era ture is sugges tive  of the fac t  that i t  is quite  s i gnifican t .  

Apar t from variations caused b y  s uint ,  dir t , mois t ur e  e tc . , the 

less o bv ious caus e s  such as var iations in s he arin g  t e chnique and error s 

in meas urement and r e cording are like ly to make s i gn i f ican t contributions 

toward environmental var iations ( Freney and T urner , 1938; Morley , 1951). 



Traits 

Greasy 
Fleece wt 

Hogget 
Live wt 

Hairiness 

He an Fibre 
Diameter 

Staple 
Length 

Crimps per 
inch 
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TABLE 1 

Some estimates of heritability of the traits under study 

Breed 

N.Z. Rornney 

Rambouillet 

Aust. 

S.Afr. 

iierino 

,, . 
•'.erJ.no 

N .Z. Romney 
Rambouillet 

/,ust. J':erino 

3.;..rr. I!crino 

H.Z. Ro:r.ncy 

N.Z. Romney 
Rambouillet 

A.u.st. ;,:erino 

S.J\fr. ;.;erino 

N.Z. Romney 

Rambouillet 

Aust. Merino 

S.Afr. Merino 

N.Z. Romney 
Aust. Merino 

S.Afr. Merino 

Heritability 

0.31 
0. 32 
0 . 28 

o.4o 

0. 44 
0.35 

0.09-0.47 

-
0.40 

0.36 

c ''0 o V' 
0.54 

o.42-0.5Lf 

0 . 68 
C.34 

-
0.57 

0.57 
C.29-0.34 

0.35 
0. 48 
0. 36 

0.56 

0.52 
0.50 

0.45-0.52 

-
0.47 

0.28 
0.57 

0.32-0.41 

Remarks 

Dam-dtr. regr. 
Paternal 1 "b �-SJ. 
1 622 Dam-off-

spring pairs 
Parent-off-

spring regr. 

Patern a l �-sib ' 
Dam-offsp:ing 
Pat ernal ,-sib 

-
1 622 Dam-off-

spring pairs 
i=arent-off-

sp ring regr. 

Pat ernal �-sib .:: 
Dam-offspring 
Paternal 

Dam-dtr. 
Patern-:il 

-
Paternal 

1 "b 2-SJ. 

regr. 
A -sib c. 

o1 -sib c. 

Dam-offsJ:-ring 
Pat ernal -� -sib C. 

Dam-dtr. regr. 

Paternal 1 "b -2 -SJ. 
1 622 Dam-off-

spring pairs 
arent-off-

spring regr. 
Paternal -a--sib 
Dam-offspring 
Paternal -�-sib 

-
Parent-off-

spring regr. 
Paternal �-sib 
Dam-offspring 
Paternal 1 . b 2-SJ. 

Reference 

Rae ( 1 958) 
cor. 

Terril l & Hazel 
(1 943) 

1-:orley ( 1 955) 
cor. 

cor. 3eattie ( 1 962) 
cor. 3osn:an ( 1 958 ) 

-
Terrill & Hazel 

( 1 943 ) 
l·lorley ( 1 951 ) 

cor. 
cor. 3eattie ( 1962) 

cor. Bosman ( 19 58) 

Rae (1 958) 
cor. 

-
cor. .:3hclton et al., ( 1 954) 

cor. Beat tie ( '1 962) 
cor. Bosman ( 1 958) 

Rae (1 958) 
cor. 

Terrill & Hazel 
(1943) 

Morley ( 1 955 ) 
cor. 

cor. Beat tie ( 1 962) 
cor. Bosman (1958) 

-

Morley (1955) 
cor. 

cor. Beat tie ( 1962) 
cor. Bosman ( 1958) 
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'l'ABLw 2 

S ome es timates of genetic correlatiuna reported in the literature 

Greasy Hogget I-iairiness 
1'1iean Fibre 

:..Jtaple i,ength 
Crimps per 

Fleece w t  Live wt D i .:>.met er inch 

. 20 + .24 (Beattie, • 28 + • 16 ( rtae, .19 � . 20 (Beattie, .25 � . 19 (Rae, -.87 + . 20 (Beattie, 
- 1 962) 1958) 1962) 1958) 

- 1 962 ) 
Greasy - - . 1 1  (Norley, 1955)  . 70 � . 17 (Beattie, -. 56 (Morley, 1 955 ) 

Fleece w t  1 962) 
- . 02 (JV:orley, 1955) 

.30 (Doney, 1956) 

- . 00 � . 1 6 (Beattie, . 01 �.1 7  (Beattie, . 1 5 � . 1 8 ( Beat tie,  
Hogge t 1962) 1 962) 1 962 ) 

Live wt - . 66 (Bosman, 1958) - . 26 (Morley, 1955 ) . 05 (Morley, 1 955 ) 
-.09 (bosman, 1958) 

Hairiness - .1+1 + .1 2 (Hae, -
-

1958 ) 

Mean Fibre -.11 + .14 (Beattie, -. 1 7  + 1 3  (Beattie, 

Diam e t er 
-

1 962) 
-

1 962 ) 
-.42 (Bosman, 1 958) . 1 9 (Bosman , 1 958 ) 

. 1 8 (Morley, 1 95 1 ) 

S taple 
- . 75 + . 1 2 ( Beat tiei -

1 962 ) 
Length -.34 (Morley, 1 955 ) 

- . 73 ( Bosman, 1 958 ) 

Crimps per 
inch 

-------------- l_--�-----
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_'_,.:_<:::..:.... 3 
Some estimates of r-!:-:no ty l'ic cor�· ..:l.::• tions rer :)rted in the litera tu re 

Greasy Hogget  HairineGG 1·ie:tn �'.ibre 0tuple Length 
Crimps per 

Fle e c e  w t  Live w t  Ji�meter inch 

Greasy 0.36 (Morley, 0.04 (.hae, 0.15 (Lor:::..ey, 1951) 0.45 L\3.e, 19.::;8) -0 . 21 (llflorley, 1955) 

Fleece w t  1 955) 1958) 0.30 (Eorley, 1955) 

Hogget 0.45 Oo�lcJ, 1951) 0. iO (iv.orley, 1955) 0.05 (Horlcy, 1955) 
Live w t  - 0. 46 (�\,;s�::�n, "958) 0 .30 (:Sosman, 1958) 

Hairiness - 0.1 i (.,.:.;.e' 1958 )  -

Mean Fibre 0.03 (horley, 1951) -0.30 (Horley, 1951) 

Diame ter 0.09 (Bosmo.n, 1 958) -0.07 (Bosman, 1 958) I 

S taple -0.22 (Morley, 1951) 
Length -0.23 (Bosman, 1958) 

I 
Crimps per I inch 

- - - �·---
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The s e  sour c es o f  var iation , however , can probably be  cons idered to be 

unimportan t ,  b e caus e the repeatab i li t y  of greasy f l e e c e  w e i ght has b e e n  

r e por ted to be high (Horley , 1 951 ; ,/righ t  and Stevens , 1 953 ; Blackw e ll  

and Hende r s on , 1 955 ; Doney , 1 955 ; and  Y o ung et  al . , 1 960 ) . Hos t  

f i gures r epor ted  lie  in the v i c in i ty o f  0 . 60 . 

Yearly di f fe r e n c e s  have b e en repor t ed to b e  the mos t impor tan t 

environmen tal sour c e  o f  variation in greasy f l e e c e  w eigh t  in Amer i c an 

C o lumbia and 'I'arghe e sheep ( 'l'errill  e t  al . , 1 947 ) . Y ears ac c o un t e d  

f o r  1 6  and 1 4 p e r c e n t  o f  t h e  to tal varia tion  i n  the s e  bre e ds . Terri l l  

e t  a l .  ( 1 948 )  found s igni f ican t  year e f fe c ts o n  gr easy  f l e e c e  w e ight in 

�ambouill e t  sheep . Pr i c e  e t  al . ( 1 9 53) re ported t hat  2 . 5 per c en t  o f  

the to tal variation in  �avajo and Navajo cros s bred ewes ' flee c e  produ c tion 

aas due  to the d i f f e r en c es in y ears . 

Type of 6ir th , age o f  dam, and r egr e s sion  on age have all b e en 

s hown to have sign i f i cant  e ffe c t  upon gr e asy  fle e c e  wei gh t . 

Rae ( 1 950 ) show e d  that in the New Zealand Romneys , f l e e c e s  from 

tho s e  ho ggets born a s  s in gles were 0 . 1 8 pounds heavier than f l e e c es from 

twins , and tNins r eared  s ingly produ c e d  0 . 22 pounds mor e greasy f l e e c e  

than s ingles . His r e s u l ts also show tha t ho gge ts born from 3-year-old 

dam surpass e d  the f l e e c e  produ c tion of hogge ts  born from 2-year-o ld dam 

by 0 . 1 6  pounds . 

In a r e c e n t  paper , Brown e t  a l .  ( 1 9 6 6 )  observed that in the 

Aus tralian Mer ino , greasy and c l ean flee c e  w eigh t  r eached a maximum at 

3� y ears , then d e cl in e d  by 0 . 3 - 0 . 2 pounds p er year . Twin-born ewes  

c u t  0 . 2 1  pounds ( 4 . 2 ;:16 o f  the  mean ) l ess c l ean woo l  p e r  year o v e r  their 

l i f e- time  than single-born ewes , while t he progeny of 2-year o ld ewes 
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c u t  0 . 32 p o unds ( 6 . 4% o f  the m e an )  less  t han t he pro geny of adults . 

2 . Es t im a t e s  o f  parame ters 

In  genera l , the  e s t im at e s  o f  heri tabili ty for fle e c e  w e i gh t  

fall w i thin the range o f  0 . 3  - 0 . 5 for m o s t  breeds  ( s e e  Tab le 1 ) .  

Her i tab i l i ty for this c hara c t er in the N ew Zealand Romneys has b e en 

found to b e  generally low a s  c ompared wi th o ther b r e e ds . Rasmus s e n  

( 1 942 ) , �cMahon ( 1 943 ) , and Hae ( 1 94 8 ,  1 950 ) have a l l  r epor t e d  the 

her i t ab i l i ty of greasy fle e c e  w e i ght in Romn ey ran ging from 0.1 0 0.1 7. 

Pos s ib l e  r e asons for this dis cr epency were  put forward by �or ley ( 1 95 1 ) .  

Rae ( 1 956) has made some c ri t i c al comments on Mor l ey ' s  hypo thes is in 

d e f e r r ing the possible  caus e o f  this until fur the r  informa tion b e c ame 

ava i lab l e . In his later work wi th iomneys ho wever , Rae ( 1 958a )  r e por t e d  

t�e heri tab i l i ty o f  0.31 and 0 .32 for gr easy fle e c e  wei ght a s  de termin e d  

by r e gr es s ion o f  o ffspr ing on ho gge t  r e co r d  o f  dam a n d  pa t ernal half-s ib 

me tho d r e s p e c ti v e ly , bu t the samp l ing errors o f  thes e  e s t im a t e s  were  

high . 

Repor ts on phen o typic ana gen e t i c  correlations b e twe en gr easy 

f l e e c e  w e i gh t  and o ther char a c t er s  are few in the l i tera tur e. No  figur e s  

are avai lab l e  on t h e  N ew Z e a land Romneys for comp ar i s on with the pheno

typ i c  c o r r e la tions ob tained by Mor ley ( 1 951 , 1 955 ) e x c e p t  for the 

pheno typi c  correlation b e tw e en gr easy fle e c e  wei gh t  and s taple  length 

in which case Ra e's ( 1 958a)  figur e of 0 . 45 compar es  favourably with 

Morley ' s  0 . 30 ( Table 3 ) . 

As would b e  obvious fro m  the Tabl e  2 ,  Mor ley ( 1 95 5 )  and B e a t t i e  

( 1 962 ) have  reported  con tras ting figures for gen e t i c  correlati ons b e tw e en 



greasy fle e ce w e i gh t  and o ther chara c ters , although Mor l e y ' s  low 

f igur e s  are fairly within the range of sampling errors of Bea t tie's 

e s t imates e x c e p t  that the correla tion be t we en gr easy f l e e c e  we i ght 

and s tapl e  l e ngth by  Mor ley ( -0 . 02 )  appe ars to be too low . 

1 2  

The only comparable e s t ima t e  o f  gen e t i c  c orrela t ion b e tw e en 

gre asy f le e c e  w e i gh t  ana the char a c ters  und er pre s e n t  invest i ga tion 

in Romney s h e e p  is a c orrelation o f  0 . 25 � 0 . 1 9  b e tw een greasy f l e e c e  

w e igh t  and s tapl e  length reported by Rae ( 1 958a ) . 

There does  no t s e em to b e  any o ther work publis h e d  on gene t i c  

c o r r e la tions o f  gr easy f l e e c e  wei gh t  wi t h  hairine s s  and f ibre d iame t er , 

for whi ch Rae ( 1 958 a )  and Bea t t i e  ( 1 962 ) have rep or te d  the f igur e s  o f  

0 . 2 8 + 0 . 1 6 and 0 . 1 9  � 0 . 20 r e spe c tiv e ly . 

rlos man ( 1 958) , in his s t udy o f  he ri tabi l i ties  and gene t i c  

correla tions b e tw e en c narac t e r is ti cs i n  the 0ou th Afri c an Mer ino sheep , 

r e por t e d  the pheno typ i c  corr e la t i ons o f  greasy flee ce  w e ibh t  only wi th 

c l e an fle e c e  w e i gh t  ( 0 . 85 )  and s taple forma tion s core  ( 0 . 3 5 ) . Un f o r t

unat ely , he exc luded from his s tu dy tne gen e t i c  cor relations be tween 

gr easy fle e c e  w e i ght and o ther charac te r i s t i c s . 

O ' Ferrall and Vial ( 1 962 ) working w i th four di f ferent  breeds 

o f  I r i s h  s he ep , found a pos i tive b o dy w e i gh t- f l e e c e  w e igh t  relations hip 

for all b r e e d s  w i th t he excep tion of O x ford Downs and two  of e i gh t  

gro up s  o f  Galways  whi c h  gave s lightly n e ga t iv e  results . 

3 .  S ummary 

The eviden c e  availabl e  s o  far indicates  t ha t r e sponse  to 

s e l e c tion for greasy f l e e c e  w eight will be fairly rap i d  on  a c c oun t o f  



i ts high heri tabi l i ty in  mo s t  bre eds , and that with t he excep t io n  o f  

n ega t i v e  gene tic and pheno typic co rrela t i ons b e tween greasy f l e e ce 

w e i ght and cri mps p e r  inch , o t he r  corr elation f i gures  do n�show any 

maj o r  antagonis m to pr ecluae s e lection for  gr e asy fle e c e  w e i gh t  in 

comb i na tion wi th o ther c harac ters . 

C .  hOGGEr LIV� ,,.r!.IGHT 

1 .  �nvironmental e f f e c ts 

1 3  

�tudies car r i e d  out  over a number  o f  years uemons trat e that 

body we igh t  at weaning and y e arling s tage s ar e de fin i t e ly influenced 

by some non- gen e t ic sour ces of var iat ion. Haz e l  and Terrill  ( 1 945) , 

in emp has izing the  impor tance o f  environmen tal ef f ects such a s  age o f  

dam, typ e o f  b ir t h , year o f  bir th , s e x  and age of the animal , pointed  

out  that the  se lection e ffectiveness was r e du ced to  one -hal f �hen the 

r e cords for w eaning w eight were  no t adj us t e d  for the s e  ef fects . 

In Amer ican C o lumbia and Tar ghe e  y e arling ewes , T e r r i l l  e t  al . 

(1 947) no t ed that type  o f  birth had an impor tant e f f e c t  on body w eight , 

a c c ounting for 7 and 1 3  per c en t  o f  the t o tal var ia tion in C olumbi as and 

Targhe es r esp e c t iv e ly . Single ewes w e i ghed 7 . 1 2  pounds mor e t han twins 

and 2 . 37 pounds mor e than twins rais e d  s in gly in Co lumb ia bre ed . The 

c or r e sponding d i f ferences  for Targhe es  w er e  4 . 70 pounds and 7 . 42 pounds 

r es p e c tively . Wit h  farm f lo cks , a t endency towards a gradual d i sapp ear-

anc e  o f  type o f  b i r t h  e ff e c t  as the age o f  s heep advan c e d  has b een  

r ep o r t e d  by Phil lips and Daws o n  (1 940 ) . Phi llips e t  a l .  ( 1 940) , however , 
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found  tha t  in range she e p , s ingles  wer e heav i e r  than twins throu ghou t  

t he f i r s t y ear. I n  a m o r e  r e c en t  pub l i ca t i o n , Harrington e t  al . 

( 1 958 ) showed that differen c e s  in lamb w e igh ts QUe t o  typ e o f  b ir t h  

a n d  r earing in di f f er e n t  rtambouille t crossbred  lambs b e c am e  r e la t i v e ly 

l e s s  impor tan t as tDe lambs gr ew o ld er. 

liorking wi th y e arl ing an d mature :Ram bou i ll e t  rams , T err i l l  

e t  a l. ( 1 94�) demons tra t e d  tha t  the env ironmen tal f a c tors a c c oun t e d  

for 44 p e r c e n t  o f  the to tal var ian c e , this b e i ng gr eater than f o r  any 

o ther trai t in the i r  s tuci es. Y ears , a6e o f  dam , and type of b i r t h  

wer e  a l l  shown t o  e x e r t  s i gn i f i cant influe n c e  on body w e igh t . 

3idwell and Grands t a f f  ( 1 949 )  s tuQie d t he env ir onmen tal  

e f f e c ts on >Jean in;; weie;h t , whe reas Pr ice � a l .  ( 1 95 3 )  mad e  o b s er v a t i ons 

o n  y earling body w e iGh t for Navajo and Navajo cro ssbred s he e p. In bo th 

cases , the e ffe c ts o f  age of dam and type of b ir t h  were s i gn ifi can t , 

tne  magn i tude of the e f fe c ts being gr e a t e r  for weaning we igh t. 

�a e's ( 1 950) w o rk wi th  the New �ea land �omney Marsh sh e e p  

re vea l e d  tha t 1 5  p e r c e n t  o f  t:te to tal var ian c e  for y earling body w e i ght  

was caused by environmen ta l  di ffer en c e s , this  be ine; the lar ges t val u e  

c ompa red wi th  the p e r c e n tage o f  env ir o nmental influ e n c e s  o n  the o ther 

trai t s  s tu di es  by him. �ingle- born hoggets  w e i gh e d  6 . 65 pounds he a v i e r  

t han tw in-born o n es , w h i l e  twins r a i s e d  s in gl y  w e i ghed  2. 24 pounds l e ss 

than tho s e  b o rn s in gle. The o f fspr in g from 3-ye ar o l d  d ams  w e r e  heavier 

b y  1 . 38 pounds c ompar e d  w i th thos e  b o rn from 2-y ear o l d  dams . 

2. Es t ima t e s  o f  param e ter 

Heri tab i l i ty e s t i ma t e s  for y earling body w e i gh t  hav e b e e n  



reported by various workers (rerrill and Hazel, 1 943; Morley, 1 955; 

Bosman, 1 958;  Young et al., 1 960, and Beattie, 1 962 ) . 

In the Australian �erino, the estimates obtained by Young 

� al. ( 1 9 60 ) for their control group o f  1 5  - 1 6  month old ewes is 

unusually high at 0 . 72,  but the lower limit of their estimate, 0 . 52 

compares favourably with the estimate of 0 . 36 by horley ( 1 955 ) and 

0 . 54 by Beattie ( 1 9 62 ) . Terrill and Hazel's ( 1 943 ) estimate of 

0 . 40 for Rambouillet and Bosman's ( 1 958 ) 0 . 42 for his Stud-A (plain

bodied) South Kfrican �erino are quite consistent with other figures 

reported. 
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fhe genetic and pnenotypic correlations between hogget live 

weight and greusy fleece Neight have alreaoy been discussed in the 

previous section. 

�urner ( 1 956 ) hus reviewed the work on phenotypic correlations 

between body Neight and other characters. Jhe observed that the values 

for phenotypic correlations between body wei�ht and staple length and 

between body weignt and fibre diameter, though reported to have a wide 

range of -0 . 1 8 to +0. 34 and -0 . 1 7 to +0 . 23 , respectively, were predomin-

antly positive in sign. Bosman's results in 1 958 support this trend. 

A low phenotypic correlation of 0 . 05  between body weight and crimps per 

inch has been reported for the ustralian Merino (Morley, 1 955 ) . It 

appears that no further information on this correlation has been 

published to provide a comparison. 

In general, the genetic association of yearling body weight 

with other characters under consideration has been found to be fairly 

consistent. Negative correlations have been reported between body 



w e ight and s taple len gth (s ee  fable 2 ) .  Beat t i e  (1 962 ) found a 

n e gligible gen e t i c  c o rr e lation b e tween  the s e  charac t ers . 

3. Summary 
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Apar t from a minor gen e t i c  an t agon i sm be tween  hogge t live 

w e i gh t  and s taple len g t h ,  the high her i t abi l i ty es timat e s  and mos tly  

p o s i tive  pheno typ i c  and 5ene t i c  correl at ions s ugges t  that ho gge t  live  

w e i gh t  s ele c t ed  s in gly or to ge ther wi th o ther  c har ac t er s  under  s tudy 

w i l l  show posi tive r e s ponse  to s e l e c tion . 

D. HAIJIN��� 

1 .  �nvironmen tal e f f e c ts 

�ui t e  a lo t o f  work has b e e n  done  on the inher i ta n c e  o f  

b i r th c o a t  charac t er s ,  e s p e c i ally af ter Duerd en's d i s c ov ery o f  s i ckle

tip fibres in Mer in o  in 1 92 7  and la ter , the f u l l  clas s i fi c ation o f  

bir th- c o at fibres by Dry (1 933, 1 93 4 ) . Rae (1 956 ) has outline d , in 

d e tai l , the inhe r i tan ce o f  halo hair abundan c e  and mode of ac t i o n  o f  

the N and n r  gen e s . Re ferring t o  the work o f  Dry (1 940 ) in  which he 

d is co v er e d  a maj o r  gene af f e c t ing the abundan ce of halo hairs in the 

lamb , Rae (1 956)  has w arned agains t the too faci le a c c ep tanc e  o f  the 

t e chniques  of popula tion  gen e t i c s  which are applie d under the assumption  

t hat the  inheri t an c e  o f  a quan t i tative chara c ter is p o lygeni c . 

The inf ormation on  environmen tal e ffe c ts ,  e s p e c ia l ly for 

later  kemp and n on-kemp hairiness , is s canty . 
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Grand s t a f f  and �o lf ( 1 947 ) found tha t  differenc e  b e tw e en 

a ge s , years , lambs wi thin years , and a l s o  the interac tion o f  years x 

ages vere  highly s i gnif i cant for b o th N avajo and Navajo c r o s s b r e d  

sheep. They s amp l e d  the fle e c e  o f  t h e s e  sheep at 28 day intervals 

from birth to o ne y e ar o f  age and found a redu c tion o f  5. 9 p e r c ent 

of kemp and 20. 7 p e r c ent of o the r medulla ted  f ibr es in the f l e e c e s  

o f  Navajo lambs. The r educ t ion was s li ght ly greater for b o th typ es 

o f  fibres for the crossbred lambs . The ir r e s ults s how e d  tha t a 

major par t o f  the change o c currea oe t we e n  the ages o f  28 and 84 days . 

�arli e r, Grand s t a f f  and Blunn ( 1 944 ) had repor ted that t he average 

amount o f  kemp in t he f l e e ces  o f  Navajo lambs decreased  from 1 5  per cent 

at 2� days of aGe to 4 . 5 per c ent at 84 aays , then mainta ined a fair ly 

cons tant l e v e l  until  the l ambs re ac hed y earling age . Poh l e  e t  a l. 

(1 945) obs e r v e a  a rapid decreas e  in p e r c entage medu l l a t i o n  o f  nai ry-

f l e e c e d  lambs o f  the �ambouil le t , Targh e e , Co rriedale and Co lumb ia 

bre eds , be t we e n  2 ana 5 mo n�hs o f  age. 

wi l s o n  e t  al. ( 1 959 ) ,  in s tu dying the e f f e c ts o f  e nvir o nme nts 

on t he bir th c o a t s  of ·ambo uill e t , Tar gh ee, and Co lumbi a  lambs , no t e d  

tha t  males h a d  s i gni f icantly l e s s  hair and w o o l  a t  bir th tha n  femal e s . 

Single Rambo u i l l e t and Columbia lambs w er e  mor e hairy than twins bu t 

type o f  bir th had no s i gnificant e f f e c t  on wool  cover ing. In genera l , 

the o f fspring o f  younger dams exhib i t e d  s ignifi cantly l e s s  hair and w o o l  

than the o f fspring o f  o lder dams , b u t  Targh e e  lambs f r o m  6-y ear o l d  dams 

exhib it e d  s ignificant ly mor e w o o l  than lambs from 7-year old dams . 

Go a t  ( 1 945a) demons tra t e d  tha t  variatio ns in the amount o f  

hair iness  in the f l e e c e  o f  N ew Z ea land Romney Mars h  sheep  w e r e  d u e  to 
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lev e l  o f  hairiness o r  individual i ty ( 51%) , age ( 17%) , s eason ( 4fo)  and 

various in ter a c t ions amon& thes e sour c e s  (20�) . The ' w e t ' ew es w e r e  

found to  b e  s ligh tly , b u t  s ta ti s ti c ally s i gnifican t ly less  hairy than 

'dry ' ewes . 

Rae ( 1 950) a t trib u t e d  3 p e r c en t  o f  t h e  total var i an c e  in 

non-kemp hairiness in New lea land Romney e�e ho gge ts to  env ironmen tal 

e f fe c ts • He found tha t  twins and twins raised  singly were  . 08 and 

• 05 l o g-units more hairy t han s ingles. 

age for this tra i t  Nas n e gligible . 

2. �s timat es  o f  parame t e rs 

His value o f  re gress ion on 

In analyzing s cores  for bir th- coat in a flo ck of .ie lsh 

moun tain sheep, Rende l  ( 1954 ) found a r e gr e s s ion of o f f s pring s cor e 

on  midparent score  to b e  0. 6 s how ing tha t the charac ter was highly 

her i tab l e . 

kor ley ( 1955 ) fauna tha t heritab ili ty o f  c o a t  s co r e  in the 

Aus tralian Ker ino w as 0. 80 and 0. 59 . These two values wer e  o b ta in e d  

b y  par e n t  o f fspring regr ess ion and hal f-s i b  corr e l a t ion r e s p ec tiv ely. 

'rhe only es tima t e s  o f  heri tab ility o f  per c en tage medulla tion 

( non-kemp hair iness ) r ep or t e d  for  y ear l ing sheep  are tho s e  published 

by Rae (1 948 , 1 950 ) for N ew Z ealand Romney e w e  ho gge ts. His previous 

f i gure o f  0 . 50 - 0 . 70 i s  qui t e  cons i s t e n t  w i th his lat e r  es tima te o f  

0 . 63 . 

Phen o typic  and gene t i c  correlations between  hai r iness and 

o ther char a c ters have not b e en publ ished fo r any o ther bre e d  except 

the New Zealand Romney . Rae (1 958 )  has reported  the pheno typic  and 
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gene t i c  c o r r e l a ti o ns b e tween hairine s s  a nd qua l i ty number , s ta p l e  

l ength , f l e e c e  qua l i ty and fl e e c e  w eight. To ment i o n  the m agni tude 

of c o r r e l a tions c o nc erned w i th this s t udy , . a e ' s values for pheno typi c  

corre l a tio ns b e tw e en h airine s s  a nd 5r e a s y  fl e e c e  w e i gh t  and b e tw e e n  

hairiness  and s ta p l e  l e ngth w e r e  0. 04 and 0. 1 1  r esp e c ti ve ly . The 

corr esponding gene ti c  corre l a tio ns w er e  0. 2 8  and 0. 41  ( s e e  Table  2 and 

3) . 

Pheno typi c  a nd gene t i c  a ss o c i a tion o f  hairiness w i th hogget 

live w e i gh t , mean fibre a i ame ter and c r imps per inc h  has no t b e en 

repor ted in the l i t era ture . 

3· .;) ummary 

fhere is no t eno u gh informa ti on avai lab le as ye t t o  inc lud e 

hairiness a s  a component in a s e l ec t i o n  index . rhe gene t i c  correla tions 

me nti oned a b o v e  have large s amp lin; e rr o rs bu t tney in-ica te  tha t 

s e l e c tion for i nc r e a s e a  greasy fle e ce w e i ght  w i l l  result  i n  l o nger 

s ta p l e  a nd inc r eased  hair iness. I f  indiv idua l  s e l e c tion was to be 

done w i th a v i e w  to redu c e  hair ine s s  in the o f fs pr i ng , the her i ta b i l i ty 

figur es sugge s t s trongly tha t  i ndiv iduals w i th high hairine s s  be  cu l l e d. 

E . MEAN FIBRE DIAMETER 

1 .  Environmental effe c ts 

Specific information on environmen tal inf luen ces , such as 

type o f  birth and age o f  dam , on mean fibre diame ter do n o t  appear to 

'DBRA�Y. MASSEY UN IVERSITY. 
:PALMERSTON NORTH, N.Z. 
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be available in the l i ter a tur e . Howev er , a subs tantial amount o f  

informa t i o n  o n  the r e gi o nal varia tions i n  the thickness  o f  fi bres  

has b e e n  repor ted (Turner , 1 956 ) . 

d i th the e x c ep t ion o f  the Ind ian bre e ds , w o o l  o n  the rump 

or  thigh has generally b e e n  found to be  c o ar s er than on the s houlder 

(Turner , 1 956 ) . 

rteimers a nd Swar t ( 1 930 ) repor t e d  tha t wool  from ' on '  a 

f o ld w a s  mor e variable  in diame ter than w o o l  from ' in '  a fold . 

Ensminger ( 1 942 ) s ampled 9 r e gions o n  S hropshir e and 

3 o u thdown s he ep a na f ound the general b ody r e gion to b e  uni form w i t h  

finer w o o l  on the h e a d  und s tr o nger on the rump and bree ch. I n  the 

F innis h  sheep , the shoulaer w o o l  � a s  f in e s t and the thigh w o o l  s trong-

e s t  (Vainikainen und Hakola , 1 952 ) . 

Turner e t  al . ( 1 953 ) r e c ommend e d  tne mids iae for  6 e neral 

us e .: i th t N o  ada i t ional si tes , one near the hipbone and the o ther j u s t  

b ehind the front le g , o n  the e dbe o f  t h e  b e l ly . 

I n  s tudying the aspe c ts o f  heavy s to cking in the Aus tralian 

Mer ino sheep,  i t  was  o b s erved ( C . S . I . R . O . ,  1 965 ) tha t in the  Canberra 

e nvironment , wool fibres tended  to be  fine s t  in S ummer and variable in 

inter . This s ea s o na l  var ia tion in f ibre  diame ter was found to b e  too  

great t o  have been c o ntribut e d  by s to cking r a te alone and mu ch of  its  

cause was a t tribu t e d  to the low qua l i ty of  the phalaris annu a l  grass 

sub c lover pas tur e s  in S ummer . 

Sho r t  e t  a l .  ( 1 958 ) , working w i th the Aus tralian Merino , 

showed that the e f f e c t o f  falling feed  level  on the ratio  o f  m e an 
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d iame ters o f  pr imary ( P) and s e c ondary (S ) fibres was propo r t iona te ly 

gr eater  when the diame ter  ratio  exc e eded  1 . 0 than when i t  was less  

than 1 . 0 ,  thus lending supp o r t  to  Lan g ' s ( 1 945 ) conclus ion tha t  under 

s tress  cond i t i ons produ c ing ' tenderness ' in wool s tap les  the r e  is  a 

differential  r e s p onse o f  fibre  d iame t e r , par t i cularly in tho s e  wools 

w i th a wide  range o f  f ibre diame ters . The ir analysis o f  var ian c e  

o f  S/P r a t i o  r evealed that unde r considerable nutritional s tr ess  

t here  had b e e n  no c essation o f  fibr e forma tion , unl ess  o f  cours e 

c e ssa tion was dis tr i bu t e d  amongs t the s e condary and pr imary fibres 

in the ratio  S/P. 

The resul ts  o f  Jhor t e t  a l .  ( 1 958 ) are not  in agr e emen t 

w i th thos e o f  Lo ckar t ( 1 956 ) who found no indi c a t ion o f  pr imary and 

s e condary fibres  d i f fering mark edly in their r espons e s  t o  c han ge in 

nu tri tion . 

3 chinckel  ( 1 958 ) repo r t e d  that in the Aus tralian M er ino , 

coar s e  bir thcoats  w ere  as s o c i a t ed w i th in c r eas ed var iabili ty o f  fibre 

diameter  and de creas ed c rimp ra t e , the increas ed variab i l i ty of  fibre  

diam e t er being the  result  o f  a s igni f i cant increas e in the diame t e r  o f  

primary fibres  and a small , bu t s ta t is tic ally non - s i gnifi cant d e c r e a s e  

i n  t h e  diame ter o f  s e condary fibr e s . Earl i e r , Lo c kar t ( 1 956a ) had 

found a c o r r elation o f  0 . 83 b e tw e e n  b ir thcoat  grade and pr imary -s e condar y  

diam e t er d i ff e r e n c e  i n  the adult .  

2. Es t imat e s  of parame t ers 

In most s tudies , mean f ibre diame ter has been n e gl e c te d  in 

favour of o ther charac ters whi c h  give a r e fl e c tion of this chara c t e r , 
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and are also eas i ly measured . Thes e  other charac ters , for example , 

crimps per inch , qua l i ty numb er and fleece  quali ty, have a more dir e c t  

b earing o n  the commercial value o f  wo o l . 

The heritability of mean fibre diam e t er repor t e d  in the 

l i t eratur e range from 0 . 28 to  0 . 57 ( s e e rab l e  1 ) .  N o  her i tab i l i ty 

e s t imate o f  this tra i t  has b e en published for the N e w  Z e aland �omneys , 

tho u gh this param e t e r  is available f o r  the r e l a ted trai ts , qua l i ty 

numb er and f l e e c e  quali ty ( rtae, 1 958a ) . 

Qua l i ty number or ' sp inning count ' is the trade assessmen t 

o f  fibre diame ter for whi ch grading is main ly done on numb e r  o f  c r imps 

per in ch . Lang ( 1 947a ) and 1 ob e r ts and Dun lop ( 1 955 ) , how ever , have 

shown tha t the r e la t ionship b e t w e e n  crimp ana diame t e r  is by no means 

cons tan t, and tha t  the as s essme n t  o f  diam e t e r  on t he basis of crimp 

can be erron eous. � s t imat e s  o f  heri tability of qua l i ty number for 

the 1 ew Z ea land Romn ey ar e : - 0 . 35 - 0 . 40 ( M cMahon , 1 943 ) , 0 . 4 1 ( Rae , 

1 948 )  and 0 . 27  ( Rae , 1 958 a ) . hor ley ( 1 95 1 ) repor t e d  the her i tabil i ty 

o f  this t r a i t  for the hUs tralian Merino to be 0 . 28  and 0 . 40 as de t ermin e d  

b y  pa ternal ha l f-s ib correlat ions and parent o f fspring r e gres s ion, 

respe c tive ly . bosman ' s ( 1 958 ) fi gures for the Sou th A fr i can Merino 

are ,  respec tively , 0 . 20 and 0 . 1 9 for S tuds A and B . 

F l e e c e  quality includes a number o f  features that are con

s idered as impor tant in manufac turing and is rela t e d  to  wool buyers 

concept o f  ' s tyle ' ( Henderson and M cMahon , 1 947 ) . Es tima t es o f  

heritab i li ty o f  t his tra i t  f o r  the N ew Z ealand Romneys a r e  0 . 1 4  

(M cMahon , 1 943 ) , 0 . 1 4  ( Rae , 1 948 ) and 0 . 22 ( Rae , 1 958 a ) . 

The gene tic  and pheno typi c  correla t ions b e tw e en mean fibr e  



d iame t er and greasy f l e e c e  w e ight,  hogge t live w eigh t  and hai r i ne s s  

have b e e n  dealt w i th i n  the previous s e c t io ns o f  this chap t er . 

I nforma tion on the magni tude  o f  the s e  param e ters are  non- exis t e nt 

for the N ew Zealand ao mney Marsh . 
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The c o r r e l a t ions b e tw e e n  mean fibre diam e t e r  and s taple 

l ength , and mean fibre diame ter and crimps per  inch are no t numer ous 

in the l i t eratur e  for any breed  ( s e e  fab le 2 )  and , again, s u c h  

informa tion i s  enti r e ly lacking in the N ew Z ealand �omney. 

Dav e np o r t  and R i tzman ( 1 926 ) , while s tudying cro s s e s  b e tw e e n  

various breeds o f  sh e ep , arrived a t  t h e  c o nc lus ion tha t f i b r e  length 

a nd fibre diam e t e r  were  inhe r i t e d  i ndep e nd e ntly. BasinG her s ta t ement 

o n  her u npubl ished  wo rk, Turner ( 1 95 6 ) suggested  the poss i b i l i ty o f  

ind epend e n t  inh e r i tance o f  s taple l e ngth ana f i or e  number. 

3 · Summary 

Apar t from w ha t  has already b e en dis cuss e a  about mean f ibre  

diame ter in r e l a tion to  the  o ther chara c ters , the r e  is no w o r thwhile  

addition to b e  mad e . 

Turner ( 1 95 6 )  has s tipul a t e d  that i f  fur ther information 

suppo r t e d  the ind i c a t ions o f  lack of  gene t i c  corr elation b e tw e e n  s tapl e  

length and f i b r e  diame ter, and b e tw e en s taple length and f i b r e  numb er , 

i t  should b e  poss ib le to s e le c t  w i t ho u t  d i f f i cul ty any d e s i r e d  combin-

a t io ns o f  leng t h  and numb er. As Tab l e  2 shows , there d o e s  no t s e em to 

b e  such a lack of gene t i c  correla tio ns . 
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1 .  Envir onmen t a l  effe c ts 

2 4  

Pohle a n d  Ke l ler ( 1 94 3 )  cons idered the impor tan ce of s tap le 

len g t h  in w o o l  pro du c t io n , and rev iewed t he l i teratu re . l'l cHaho n  ( 1 948 ) 

s ho w e d  tha t s taple len g t h  w as impor tan t in rel a ti on to  finenes s ,  s in c e  

w o o ls w h i c h  were t o o  l o n g  for their f inene s s  c o u l d  fe t ch lower pr i ces 

be cause tney were abnormal and a rep e a t  o r der c o u ld no t be relie d  o n . 

S o me es t ima tes o f  envir onmen ta l effe c ts on s tap le len gth have 

been r e p o r teci for s o me Ame r i c an breeds of s heep ( Ter r i l l  � al . ,  1 947, 

1 948 ;  and P r i c e  e t  a l . ,  1 953 ) . 

Y e a r  differen ces were t he mos t impor t an t  cause of v ar i a t i o n , 

a c c ou n t ing for 1 1  p er cen t of t he to tal v a r ia t i o n  in C o l umbias and 9 

per c en t in Tar ghees ( Ter r i l l  e t  a l . , 1 947 ) . The type of b i r t h  effec t  

was gre a t e r  for Tar ghees than C o lumb ias . In b o t h  breeds , s in g les had 

lon ger s taple than t � ins and tw ins raised s in gly , and twins had l o n ger 

s taple than twins r a i sed s ingly . Age o f  dam , age a t  s heari n g , and 

inbree d in g  had no s i gn if i can t  e f f e c t  on s tapl e  length . 

In Rambou il let rams , Terr ill � al .  ( 1 948 ) found years  and 

age at shear ing the o n ly two environmental fac tors having s i gn i f icant 

influ e n c e  o n  s tap le length , y e ars a c c oun t in g  for 5 percent and age a t  

s hearing 1 per c e n t  o f  the t o tal varianc e .  

Price  e t  a l . ( 1 953 ) stated  t ha t  in Nava j o  and Nava j o  cross

bred ewes , differe n c e s  b e tw e en bre eding groups were  the mos t imp o r tan t 

s our c e  o f  variation a c c ounting for abo u t  2 4  per c en t  o f  the t o t al 



var ian c e . As y earlings , t he pro geny from matu r e  dams had 0 . 1 8 c m .  

lon g er s tap le than t ho s e  fr om 2-year o l d  ew es . Haz e l  and rerrill 

( 1 94 6 ) found th is difference  to be  0 . 1 2 cm . in Ramb o uille ts . 

Rae ( 1 950 ) fo und 3 p e r c e n t  o f  the to tal var iation b e ing 

c aus e d  by type o f  birth , a ge  of  dam and re gress ion on age . Twins 

and twins ra i s e d  s ingly had , resp e c t iv e ly , 0 . 42 cm . and 0 . 30 cm . 

lon ger s t ap l e s  than s in g l e s . The d i f feren c e  due to age of  dam 

was v ery s mal l , the o ffspring o f  2-year o l d  dams ha ving 0 . 04 cm . 

longer s t ap l e than the o f fspr i n 5  of  3-year old  dams . 

2 . Es t ima t e s  o f  parame t ers 

rteri tabi li ty es ti ma t e s  of s tap l e  l e ngth , m easured  as a 

y 8 ar ling trai t ,  hav e b e en pu ol ished by Haz el and f e rril l ( 1 945 , 

1 94 6a ) for Ramboui l l e ts ; by � �orley ( 1 95 1 , 1 95 5 ) for the nus tra lia n 

M erinos ; by �ae ( 1 948 , 1 958a ) for the N e w  Z ea l a n d  Romney �ars h and 

by Bo s man ( 1 958 )  for tne  S o u th • •  fri can �erino sh e e p . 
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As w o uld be c l e ar from fable 1 ,  the heri ta b i l i ty o f  s tap l e  

l e n g t h  is fairly high f o r  a l l  breeds  o f  sheep rep o r t e d  in the 

l i tera ture . The repor t e d  ner i tabilities  w er e  d e t e rmine d und er 

w id e ly d i f f eren t env ironment a l  condi tions ; h e n c e , cons id erab l e  

r e li an c e  c a n  be  p l a c e d  on the con c lus ion that s taple length is highly 

heri tabl e . 

The gen e t i c  and phenotyp i c  corre l a t ions b e tween  s taple 

length and o ther char a c ters ( greasy f l e e c e  w e i gh t , hogge t liv e  w ei gh t , 

hairiness  and mean fibre diam e t er ) have already b e en men t ioned in t h e  

p r e c e d ing s e c tions . 
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The addi tional informa tion , g e ne t i c  and phen o typic  c o rr e-

lations b e tw e en s taple  l en gth and cr imps per  in ch , has b e en given by 

�orley (1 955 ) , Bosman (1 958 ) and b e a t ti e  (1 962) . 

3· S ummary 

(S e e  ·rab le 2 ) . 

A s trong gene t i c  an tagonism b e tw e e n  s tap le length and cr imps 

p e r  in c h  sugbes ts t ha t  these tra i ts can n o t  be improved s imul tan e o u s ly . 

From the e v id en c e  published so  far , there also appears t o  b e  

a mo derate gen e t i c  anta�onism (r = -0 . 2 6 ; �o r ley , 1 955 ) b e tw e en s taple g 
length and hogge t live  w eigh t . 

G .  CHIMP� P�J IN CH 

1 .  �nvironmental e f f e c ts 

Variation in crimp numb er  in ci i f f e r ent b o dy r e gio ns has b e en 

s tudi ed by Reimers and .Swar t ( 1 930 ) , N arayan ( 1 95 1 ) ,  •rurn e r  � a l . ( 1 953 ) 

and Lo ckar t (1 954 ) . R e imers and Swar t ( l o c . cit . ) gav e the midside 

value higher than the value for should e r  or rump for the S o u th Afri can 

M erino . Narayan ( lo c . c i t . ) found cons iderable r e gional var i a t ion in 

wool  char a c t er including crimps per  in c h  for the Indian Pat tawadi she ep . 

In  b o th s e t s  o f  Aus tralian da ta , the l a t t er workers observed  a dorsa-

v en tral trend and found tha t  mids ide value w as higher than the  value 

for s houlder or r ump ar ea . 

Lang (1 947) has discus s ed the qu es tion o f  whe ther number o f  

crimps is r eliable guide t o  fineness , and has summarized  t h e  l i terature . 



2 .  Es tima t es o f  parame t ers 
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The h e r i tab i l i ty es t ima tes  o f  crimps per in ch for d i ff e r en t  

b r e e ds o f  s heep have b e en summari z e d  i n  fab le 1 .  The gene t i c  and 

pheno typ i c  c o r r e l a tions b e t w e en crimps per inch and o ther t r a i t s  under  

inves t i ga t ion hav e  b e en dealt  w i th in  the  pre ceding s e c tions . Gene t i c  

param e t ers for c r imps p e r  i n c h  have no t b e en published f o r  the N e w  

Zealand Romn eys . 

3. Summary 

Prepond e r an c e  o f  the n e ga t i v e  gene t i c  and pheno typ i c  corre

lation b e t w e en cr imps per inch dUd the  o ther charac ters s tudie d 

indi cates  tha t fineness ( as ina i ca t e a  oy the numb er o f  cr imps per 

inch ) �ill ti e cr e a s e  when o ther f l e e c e  chara c ters ar e o e ing impr ov e d . 
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C hap t e r  I I I  

.S 0 U R C E 0 F 

rhe inv es tigations are based on the re cords c o l l e c t e d  over 

the y e ars ( 1 956 to 1 964 inc lus iv e ) from C o l l e �e Progeny Test �w e hogge ts 

maintained  a t  Massey Un ivers i ty . This flock  o f  Romn ey Marsh s he e p  has 

b e en d e s c r i b ed by Ch ' an 5  ( 1 955 ) , Rae ( 1 958a , 1 958b )  and C larke ( 1 963 ) . 

animals . 

hanagement , typ i c a l  o f  �anawatu ar ea , was applied to all 

Young repla c ement e w e s  were s e le c ted a t  random and were  

m�ted to lamb f o r  the firs t time as  two - too ths . Y oung rams were  

o b tain e d  from  d i f ferent  sour c es of  Romney 3 tud flo cks in  the Manawa tu-

,1 airarapa ar ea . �ature e w e s  w e r e  cas t for age a t  abou t f ive -and-a-

half y ear s . N o  d e l iberate  s e l e c tion was prac tis ed for any chara c ter  

throughou t  the  his tory o f  the  f lo ck . 

'rhe flo ck can the r e fo r e  be considered  to b e  a fair ly r epre-

s e n t a t i v e  s ample of the Romn ey s heep o f  Manawa tu . The chan c e  o f  

inbr e eding i n  this da ta is  very small o n  ac coun t  o f  a c quiring bre eding 

rams from d i f f erent S tud f l o cks and . therefore  i t  has b e en assumed that 

inb r e e d ing is n o t  a s our c e  o f  variation in the pre s e n t  s tudy . 

The r e cords used in this inv e s tigation d o  n o t  allow the 

e s t imat ion of a s ire  x y e ar i n terac t ion as different  s ir e s  w e r e  us e d  

each  y e ar . 

B e c aus e o f  nonavai labili ty o f  r e cords f o r  c er tain traits in 



c e r tain y ears , the es tima t es o f  environmen tal e f fe c ts are bas ed on 

d i f f e r en t  d e gr e e s  o f  fr e edom . Comp l e te  r e cords w e r e  ava ilable for 

the traits gre asy f l e e c e  � e igh t , ho gge t l ive-w e i ght , hair iness and 

s taple len&th from y ear 1 958 to 1 96 4 , and the r e fo r e , environmen tal 

fac tors have b e en e s tima t e d  for the s e  traits w i th grea tes t d e gr e es 

of f r e e dom . H e c ords  on c rimps per inch were  no t availa b l e  for the 

y ear 1 958 and tne hog6e ts born in 1 964 had no r e cords for m e an fibre 

d iame t er . 
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I n  Jam-Dau ght er r e gr e s s ion analysis the dams b orn i n  1 956 

and 1 957 were inc luded , bu t tho se  b orn earlier were d is car d e d  b e caus e 

they had r e co rds  f o r  only a few  cnar a c t e r s  and their u s e  would 

inevi tably comp l i c a t e  the  analy tical  pro ce dur e w i thout o f fering a 

great deal o f  incr eased a c curacy o f  the analys is . 

Los t lambs w er e  oorn in Augu s t  and S ep t ember . Coding the 

date  o f  b i r t h  as one for 1 5  July , the av era�e date of b i r th was 45, 

ind i c a ting tha t the maj or i ty of lambs w er e  born b e tw e en the l as t w e ek 

o f  hU gus t ana the fir s t  w e ek o f  0 ep t emb er . 

The lambs w er e  shorn a t  w eaning in January . rhe measure-

ments o f  f l e e c e  produ c t ion us ed in this work therefore  r epres ent the 

grow th o f  about 1 0  months b e tw e en w e aning and ho gge t s hearing in 

O c tober . e cords for greasy f l e e c e  w e ight w e r e  taken immediately 

after shear ing and re corded to the near e s t  tenth of a pound . 

woo�  was i n c luded in the measur ement . 

Be lly 

The hogget live-weigh t  us e d  in this s tu dy is the pos t

shear ing w e ight of the ho gge ts usually obtained w i thin two w eeks o f  

shear ing. The measur ement was mad e  t o  the neares t pound . 



The amoun t o f  hair pr e s en t  in the f l e e c e  was d e t ermin e d  by 

t he  us e of  m e du llame t e r  as d e s c r ib e d  by M cMahon ( 1 937 ) .  S am p l e s  

ob t ain e d  fro m  p o s i t i o n  N o . 5 on the hind- quar t e r  prior to shearing 

w e r e  us e d  for the d e termina tion of hair ine s s . This po s i t io n  has 

b e en s hown to b e  highly c o r r e la t e d  ( 0 . 92 ) w i th t o tal ha iriness 

( Go o t ,  1 945 ) . 

fhe m e an f i br e  d i am e t er was measu r e d  on s amp l e s  from the 

mids ici e  p o s it ion o b tain e d  from the f l e e c e  a f ter  shear ing . One 

hundred and f i f ty f i b r e s  w er e  measur e d  for  each samp l e  in microns 

by us in6  the me thod d e s c r i b e d  by Lang ( 1 9 47 ) , and A b TM ( 1 955 ) .  

� taple  l en g th was measured on the midside  sample tak en 

from the f l e e c e  af t er s hea ring and was re c o r d e d  t o  the neares t ha l f -

c e n t ime ter . In a c tual analysis  the  f i gures for s taple l e n gth w e r e  

r ounded o f f  t o  who l e  numb ers i n  o r d e r  to fa c i l i ta t e  proper or gan i z 

a tion  o f  f i e lds on I . B . M . d a t a  c ards . 

Lang ( 1 947 ) has describ e d  the m e thod o f  measuring  the 

tra i t  : cr imps per i n c h .  fhe measuremen t  w a s  d o n e  w i th t h e  s tap l e  

30 

s tr aigh t en e d , but a t  r es t ,  as s ugge s t e d  by Lang , ana the numb e r  o f  

cr imps was c o un t e d  in r e lation t o  l ength o f  t he s tap l e  i n  c en t im e t e rs . 

This was later  conv e r t e d  to c r imps p er in ch by mul tiply ing w i th the 

f a c tor 2 . 54 .  For e xampl e , i f  a 1 0  c m  long s taple had 2 0  crimp s , the 

crimps per in ch was o b ta ined as �g x 2 . 54 = 5 . 08 crimps per i n c h .  
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• 

ro make a meaningfu l gene t i c  a s s e s sment  o f  a quan t i ta t i v e  

chara c t er , i t  is e s s en tial t o  know t h e  e f fe c t  o f  var i ous environm e n tal  

fac tors in f luen c in g  the man i f es ta tion o f  tha t chara c ter . In pra c tical 

she e p  b r e e d ing , i t  is po s s i L l e  to e s t ima t e  the e f fe c ts of  s ome known 

env ironmen tal fac tors  and to us� the s e  e s t �ma tes  to a d j us t the pro-

du c t ion r e cords . The s e  env ironment� l e f fe c ts obs curing �en e t i c  

d i f f er e n c e s  b e tw e e n  s h e e p  are thus e l imina t e d , and a c curacy  o f  s e le c tion  

for  gene t i c  mer i t  gr e a t ly increas e d . 

In the p r e s e n t  s tudy , the e f f e c ts o f  age o f  dam , type o f  

b ir th , year o f  bir th and r e gr e s s ion  o n  d a t e  o f  birth have b e en d e term in e d . 

The age o f  dam c l as s i fi ca tion was d i v i d e d  into  thr e e  c las s es : two - t o o ths , 

four- t o o ths and s ix- to o ths or full mou ths . The type o f  b i r th c lassifi

cat i on was also d ivided into thr e e  c la s s e s : singles , twins , and tw ins 

r ear e d  as s ingl e s . 

R e gr ess ion on dat e  o f  b i r t h  was inc luded as an independen t 

var iable . 



1 .  Leas t squares  model  
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The number o f  ewe  hogge ts in  e a c h  of  t he c las s i f i c a t i ons can 

be s e en from Matrix A ( fable 4 ) . � a tr i x  A was used  to d e t ermine the 

above  environmental e f f e c ts for the ch&r a c ters gr easy fle e c e  w e ight 

( Y 1
) , ho gge t liv e - w e igh t  ( Y2

) , hairine ss  ( Y3
) an d s taple len g t h  ( Y4 ) . 

B e c ause  o f  m i s s ing re cords ( s ee  C hapter I I I )  Ma tri c e s  b and C ( Tables 

5 and 6 ) had to be  formed to es tima te t h e  environmental e f f e c ts on 

m e an f ibre diame ter ( Y4 ) and crimps p e r  inch ( Y 6 ) resp e c t i vely . 

Y a t e s  ( 1 934 ) p u t  forward the me thod o f  leas t s quar e s  for the 

analysis  o f  multiple  clas s i f i c a t ion tables  w i t h  dispropor tionate sub-

c lass n umb ers . haz e l  ( 1 946 ) e x t e n d e d  Y a tes ' m e th o d  to in c lude 

independent variab les . 

The fu e thod us e d  in the pres e n t  s tudy is s imi lar to t ha t  o f  

Hazel  ( 1 94 6 ) a n d  Kemp thorne ( 1 952 ) . 

� imilar mathema t i cal mo dels  w e r e  u s e d  to s o l v e  the normal 

e qua tions snown on Tabl e  4 , 5 and 6 . 

I n  the case o f  matrix � the cons tan ts f i t t e d  w er e  7 for years , 

3 for age o f  dam , 3 for type o f  b ir th and one for r e gr e s s ion on a ge , 

whereas the c ons tants f i t t e d  for y ears in B and C matri c e s  w ere 6 for 

years , the number of o ther cons tan t s  b eing the sam e  as in Ma trix A . 

The linear model  assume d was : -

y
ijkl = 11 + r .  + a .  + tk + f3 ( X

ijkl - x) + e i j kl , � J 

i = 1 ' 2 ,  . . . ' p 

j = 1 ' 2 ,  . . .  ' q 

k = 1 ' 2 ,  . . .  ' r 



wher e , 

and 1 = 1 , 2 , • • •  , n . . k � J 

y i j kl = r e co r d  o f  the l th hogge t 

b ir t h , b e l onging to . th 
J 

fica tion and b or n  in . th � 

� = Overall mean . 

r . = ..S f fe c t  o f  year i .  � 
a .  = .w f f e c t  of age o f  dam j .  

J 
t

k 
= _t; f f e c t  o f  typ e o f  b i r th 

o f  k th type o f  

a ge o f  dam clas si-

ye ar . 

k . 

� ( X
i j kl 

- i) is r e gr es sion on da te o f  b i r th w i th X
i j kl

' s 

meas ured  a oo u t  their mean X . 
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ei j kl ' s are assumed to b e  uncorr e la ted  random er rors w ith 

m e an = 0 a n d  varian c e  = �  

Interac t ions w e r e  not included in the mod e l  becau s e  the ir 

inc lus ion w o u ld gr eatly incre&s e tne amoun t of c o mputa tion and also 

b e c au s e  the r ev iew o f  l i t er a t u r e  ina i ca t e d  tha t they were n o t  importan t . 

Under the ass umpt ions app l i e d  to the e i j k l ' s  and cons idering 

tha t t he r e  ar e no in terac ti ons , Kempthorne ( 1 952 ) has sugges t e d  the  

valid i ty of  the  u s e  of  l e as t s quare s . e i j kl ' s  mus t fur ther be  assumed  

to b e  normally distribu t e d  f o r  tes ting the d i f fe r e n t ial e f f e c ts amongs t 

the class if ic a tions . 

Theor e t ic ally , the  l e as t  s quar es es tima t e s  o f  the popula t i o n  

parame ters  � ,  ri , aj ' tk and � are obtaine d b y  minimizing the sums o f  



s quar es o f  deviat ions -

= ai j kl - !1 - ri - aj - tk - � ( Xijkl - x)] 2 
i j kl 

and then s e t ting up the normal equa ti ons by  d i ffere n ti a ting w ith 

r e gard to each param e ter  and e quating t o  z er o . For e xample , t he 

normal e qu a t ion f o r  � is der ive d by d i ff e r en t ia ting the expre s s ion 

� w i th resp e c t  to  11 and then e qua ting the partial derivativ e to 

z ero . Tnis pro c eaure is repeated  for the r emaining param e t ers . 

The normal e qua t i o n  for 11 + r 1 in Ma tr ix A ( rab le 4 ) reads 1 8  a 1 + 

3 8 a2 + • • •  + ( - 306 . 307 ) F = 8 94 . 6 = 98 62 . 0 = 1 093 . 1 = 1 628 . 0 . 

In a c tual pra c ti c e  tne ma t r i x  c o e f f i c ien ts for var io us 

s u b c la s s e s  ar e o b ta i n e d  bJ a c tually  c o u n t inb the numb er of animals 

belonging to e a c h  sub c lass for each e �ua t ion  to form the var iance  -

covar ian c e  ma tr ix . In  the pr e s e n t  analysis the c o e f f i c i en t s  w er e  

o b taineti by pun c hin g d i f f e r e n t  i d en t i fi c a ti ons on I . B . 1 . cards an d 

s o r t i n 5  them on  t he s or ter  of the I . B . M . da ta pro c e s s ing un i t . 

In o r d e r  to  r e d u c e  t h e  amo u n t  o f  w ork inv o lved in ma tri x  
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op er a tions , use  was mad e of the abs o r p t i o n  m e thod given by Henderson 

( 1 948 ) . This m e th o d  cons is ts in combin in g  the 11 wi th the various 

r . . In the r .  e qua tions , all  terms e x c e p t  the 11 and r .  ar e trans -� � � 
p o s e d  to the r ight hand sides  o f  the e quations and are then d iv ided  

by the  c ommon c o e f f i c ient o f  11 and the s p e c i f i c  r . •  � Thes e  11 + r .  � 

values are then subs t i tu t ed in all the r emain ing e qua tions . 

S o lu tion o f  normal equa tions 

Examination o f  normal e qua t ions in Matrix A ( Tab l e  4 )  
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TASL L 4 
LEA S T  S"' · EQ.vA TION$ Folt E.ITI /11 A'TIItl� THE EFFE c -rs oF Yi, a.j, t1c 411d �(Xw�ct-i• oN T�tR 1 -r.s Y. v. Y. 4N�> Y. • 

K Ill { -) 
o1 '.1 I I 1 ,  3 'S 

A MoDEL : - �ik/ = I' -t 7i. -t a.i + t�c + t" Xfi�el -x  + eijkl . 
/tf/IT/tt)(. -., 1 TOTA L No. 801 1 V I y- f .. I 'if' I 

I ' I I I t, I t2 
I 

(I) �+ r, 
(2J I<+ Tz 
(3) I'+ 1j 
(4) I<+  � 
(�) !< t  1S 
(6) f< +  � 
l'7J f''t � 
(t> a,  
t"'> a z. 

102 
12 1  

13" 
IOq 

106 



(I) 
(1.) 
(J) 
(If) 
(5) 

T A B L E 5 

LE A ST SQ. EQ.uA'!l. To E.s n M A TE THE E FFEcTs oF � ... �· t.� ,(X��el -i)oH M. F. DtA · (Y,) • 

MR riC'" 8 Mor:>E.L : - YiJ�<I z i'+ �- r tl.i. + t._ + f(x�,J - x) + el:Jtcl Tor�t L No- 6 8 6  

(lqfl) (ICftlf) (l<fH) (19,,) (lt,2J (/'f�; I 2 J I 2 
'l' + r,  t4 + rz. !4- t 1j �< +'t l' t rs  tt +� a I a l a  I t I t I . I . 

!'t r; / I l l 
f-. +  '2. 102, 
F+ Tj I 1 2 1 
f- + r;,  ' 
/" + 15 

' 3" IQq 
(") f4+ "' 
(7) 
(8) . ·-

(q) 
liO) 
(U) - -
lt2.) 

-
a ,  ----
a. z.  

a. 3  

t, 
tz. 
t3 

Q3) f(x�tl-x) 
• NIA.WJbtrs tl17 fltt. CJ.fl-' �ft O.ttti. y,;J'ti &,.r,.,e.-s1 � fl,£ ele.rncrth a re  lo feu-.:. (&.fa..k fl.c.. '-D "'/'14. f q;J, 4'1 by 14c use of L8ttf u.""f"fe.r ( Su. 7t.JL ktd) 
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(I ) 
(l) 

(3) 

(ltJ 
( 5) 

(b) 
(1) 
(8 ) 
(") 
(10) 
(!1) 
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TA S L  E 6 

LEAS T Sa_. f:QUA� To Es T I M A T E  TH E E H £crs oF Y.: , a.j , tf( + @ (x�ttl -i) 0 �  C� I I"\PsjrNcH (Y6J * 
M IIT I W r  c M O D E L : - Y!ild � I< + �  -t- aj + tl<. + �(Xijkl -X) + c�kl TO T F\ L  No. {,8q 

/'t t- r;  
ft + "(,_ 

,. f 'fj 
f4 t !i,. 
f<f yS 
� + fj, -

a ,  
a2-
-
a J  
f, -
t'l 

lftt r, t«- t �  f'l+ r, tt + r� ,..+ rs  l' t fi,  a. a a t t -t @ (x.:·k• -x)  " v. . · 

1<14 5'f) ( 14"•J (.1'161) (11U) (1'16ll (.�4'� I 'l 3 I 'l. .3 � /.__, f'-)t<l 1 

102. 
1 2  I 

l 3b 
10q 

lOb 

• . f i S' "' "n -... . ... • ,u., ,. ,..6 / ltl"' �• 
2.. 

'I N"'"b£rs on fltc. �r ltfl a_,.,£ r-t.(JIJ Co-rnus of tl.e.. e./�e.f\15 au.. ltt n-vUt.c.. u...a.Q_ of 
I BM /1,20 l1 Ce"'f�t-fu- a..t Jtl� Uni.v4. 
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r ev eals the fac t  tha t they  hav e  no uni�ue s o l u tion as s u c h  b e cau s e  the 

c o e f fi c i e n t  matrix is not of ful l- rank . For  examp le , out  of  s ix a .  
J 

and tk e qua tions , there are  a t  mo s t  f o ur linearly independen t e qua ti ons 

b e cau s e  the sum of a j e qua tions is e qual to t ha t  o f  tk e quati ons . 

·rhe r e fo r e , independe n t  e qua tions w h i c h  ar e e s t imable  mus t  b e  f ound . 

The mos t common way t o  o b tain thes e e 1ua ti ons is to es tab lish an 

auxiliary relat ions hip s u c h  as E aj = Etk = 0 whi ch is more commonly 

known as ' impos i tion o f  a res tr i c tion ' .  Und e r  this as sumpt ion 

- a3 = a1 + a2 and 

- t3 = t , + t2 . 

Now , ins t ead o f  6 e qu a t ions for aj and tk c l as s i f i ca t ions , there are  

only four ( a 1 , a2 , t 1 and  t2 ) e qua ti ons w ni ch eas i ly yield  a s o l u tion 

by the  or dinary me t hods of solv in �  s imultaneous equations . The value 

of a3 and t3 ar e ob ta ine d by proper s ubs t i t u tion o f  the values of a 1 , 

a2 ana t 1 , t2 in - a3 and - t3 e qua tions . 

Having obtained the e s tima tes for aj , tk ' and � e qua t ions 

the e s t ima tes for � + r .  are eas i ly oerived by subs t i t u t ing the e s tima t e s  l 
o f  aj , tk ' and � in t h e  absorpt ion e 1u ati ons . 

The individual y e ar e f f e c t  is calcu lated by subtr a c ting the 

value of � from each � + r .  es t imat e . l S uppos ing X to b e  the t o t a l  valu e 

o f  � + r . , the es tima t e  o f  � is ob tained by the formu la :  l 

or 

E( IJ +  r . ) l 

n � + E r .  l 

= X 

= X 

s in c e  E r . = 0 as explained earlier , l 

niJ. = X 
X where n = number o f  year s .  
n ,  



The various  e nv ironmen tal e f fe c ts mentioned above w e r e 

o b tained  by the extensive  use o f  I . B . M . 1 62 0  I I  computer . Eac h  

ma trix c o e f f i c ie n t  was punched on s epar a t e  c ards and the iden t i fi 

cation numb ers ( as shown o n  Tab les 4 , 5 and 6 )  w e r e  pun ched o n  the 

las t  few co lumns in order to sort the cards row-wis e and co lumn-

w i s e  in proper s e qu en c e  for e s t ima ting the e f f e cts , tes ting t h e  

ac cura cy o f  es tima t e s , a n a  for the tes tin� o f  signifi can c e . 

rhe a c c ur a cy o f  the es tima tes was t e s ted by sub s ti tu ting 
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the values of the e s t ima tes back in to the e qua tions . Tne d i f f e r en c e 

b e tween the sum o f  values ob tained a f t e r  the s ubs t i tu tion and the 

r i bht hand side of e a c h  e �uat ion giv es  the  a c cur a c y for th e r e s pe c tive  

es timat es . The di f f e r e n c e s  in mo s t  cas es  wer e in the vicinity  o f  

0 . 001  c o n f irming a hi�h debr c e  o f  a c cura cy o f  these es tima tes . 

ro so lv e  the s imu l tan eous e qua tions a f ter applying the 

r e s tr i c tion , the i t e r a t i v e  me thod was u s e d . fhis m e thod cons is ts in 

r e p e a t i n g  tne pro c e s s  of calculat ion un t i l  eventually the e n t ir e s e t  

o f  values is dup l i c a t e d  exa c t ly . rhe s e  ar e then a c c ep te d  as the 

corre c t  value s of the unknown . 

The reduc tion in sums o f  s qua r e s  due  to f i t t in g  a l l  c ons tan ts , 

R (  � ri ' a j , tk , � ) , was obtain ed from the es t ima t e s  o f  the e ff e c ts . 

The various sums o f  s quares ( s s q . ) for t h e  t e s t o f  s igni f i c an c e  o f  the 

e f f e c ts were ob tain e d  in the follow ing w ay . 

Err or s s q :  



' Ye ar ' s s q :  R ( .u , ri , a . '  tk , � )  - R ( .U ' a . ' 
J J 

' J...ge o f  Dam ' s s q :  rt ( J..I , ri , a . '  tk , � ) - R ( .u I ri , 
J 

' Typ e  o f  Bi r th ' s s q :  R ( .u , r
i , a . ' tk , p j  - R ( .u, r i ' 

J 

' Regre s s ion ' s s q : :ct ( .u, ri , a · I tk , � ) - R ( .u ,  ri ' 
J 

2 

The quan t i ty R ( .u , ri , a . I tk , (3 )  = � yijk + R ( i3 )  
J i j kni j k  

rhe t e s t o f  s ign i f i c an c e  i s  p r e s e n t e d  i n  Tab l e  8. 

2 . � e s u l t s  and d i s cu s s ion 
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tk , p) 
tk , f3 )  
a . '  

J 
�) 

a . '  
J 

tk ) 

The l e a s t s qu�res  e s tima t e s  o f  the v arious e f f e c t s have b e e n  

pr e s en t e d  i n  rab l e  7 an d their tes ts o f  s i gn i f i can c e  ha ve  b e en summar i z e d  

i n  Tab l e  b . I t  is  appar e n t  from the tables that mos t o f  the e ff e c ts 

have hi�hly s i gn i f i cant ( P  < .  0 1 ) in fluen c e s  on a l l  chara c t ers  s tu die  d. 

Type o f  b ir th and s i gn i f i can t e ff e c t s ( P  (. 05)  on mean f i b r e  d iame ter 

and c r imps p e r  in ch . ine e f f e c t s  o f  a�e  o f  dam on s tap l e  l e n gth and 

c r imp s per in ch , ana the e f fe c t  of r e gr e s s ion- on-date-o f- b i r th on cr imps 

per inch w e r e  non-s i gn i f i can t . 

The c o mpa r i s o n  wi thin the c las s es , re gard in g the ma gni tud e o f  

t h e  e f f e c ts , c a n  b e  r ep re s en t e d  by the f o llowing Tab le  ( Tab l e  9 ) . 

The values o f  r e gress ion in this Tab le are the s am e  as  in 

Table  7 but their s igns have been r ev e r s e d  be caus e o f  the fac t that the 

es timates  o f  r e gr e s s ion values in Table 7 are bas e d  on the c o d e d  valu es  

of  date of  birth in whi c h  t he earlier born animals have  higher values 

than the late born ones . 

The es t imates and their t e s t s  o f  s ignifican c e  s how t ha t  in the 



4 1  

N ew Z ealand Romney she ep , l ike i n  o th e r  b r e eds o f  sheep , t h e  a c curate 

gen e t i c  ass e s s m e n t  can only be possible if  the obs ervable s ou r c es o f  

env ironmen tal va1· ia t i on a r e  elLnina t e d . rhe r e gre s s ion on  date  of 

bir th has mo s t  s i gn i f i can t e ffe c ts on hogge t liv e-w e igh t  and 6reasy 

fle e c e  w e ight . I ts effe c ts on o ther  tra i ts are very small to b e  o f  

much impor tan c e , al thou�h they a r e  s ta t i s t i cally s i gnif i can t . 

after  es t i ma ting env ironme n tal e f fe c ts i t  w as cons i dered  

des irable to  carry ou t a varian c e  componen t analysis to  es timate the 

r e l a t ive impor tan c e  o f  each e f fe c t  on t h e  various trai t s . 

( 1 953 ) he thod 1 was used to es timu t e  t he c omponents : 2 2 
(J' ' (J' r a 

H ena erson ' s 

., 
c The r e gr es s ion component CJ'r- was ca l c u l a t e d  by the me thod sue;ge s t e d  by 
1-

Rae ( Pers . Comm . ) . 

The r e s u l t s  expr essed  for e a ch e f f e c t  as the p e r c en tage o f  

the t o tal variat ion have b e en s u mmJr is ed  i n  rable 9a . 

Y ear a c coun ted for 47 . 22  p e r c en t  of the total vari a t ion in 

gr easy f l e e c e  N ei gh t , mo s t  of the remainin0 varia tion b e ing caused by 

o ther e f fe c ts n o t  in cluded in this s tudy . In terms o f  the p e r c entage 

of the to tal varia tion , the var ian c e  componen t  o f  type of bir th was 

n e gligible for greasy fle e c e  we ight . 

Typ e o f  birth was a maj o r  c o mponent o f  variation ( 4 9 . 85% ) 

in ho gge t live w ei gh t , year and regr ess ion componen ts b e in g  only o f  

the magni tude o f  6 . 0 1 percent  and 2 . 54 p e r c en t  res p e c tively . The 

magni tude of t h e  var iat ion not a c coun t e d  for is le s s  for hogge t liv e -

weigh t  ( 41 . 61% ) than for any o ther t rai ts under s tudy . 

Only about 9 percent  o f  the to tal variation in hairi n ess  

was  due  t o  the e f fe c ts s tudied , the  r e s t  b eing due  to unknown sour c es 



o f  variat i on . O u t  o f  9 per c e n t  o f  the variat i on a c c o unt e d  fo r ,  the 

year comp o n en t was o f  the hi gh e s t magn i tu d e  ( 5 . 96� ) . 

c o mpo n � n ts had low va lue s . 

The o t her 

Year was the ma j or compon e n t  in the varia t i on of  mean f ibre  

diame t e r  ( 34 . 62� ) whi le  the  r e gr es s i o n  ac coun t e d f o r  3 . 1 4 p e r c e n t  of  
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the  t o t� l  v ar ia t i o n . The  values f o r  � � e  o f  dam and typ e o f  oirth w er e  

ne g li gib l e . 

Almo s t  a l l  vari a t ions in s tap l e  lenbth a c c o u n t e d  f o r  in the 

pr e s e n t  s tu dy w e r e  ciue  to  y e a r  ( 1 9 . 2 6,v ) . Unknown s o ur c e s  o f  variation  

N er e  r e spons i b l e  for a large por tion of  tne  to tal  variation  ( 8 1 . 3 4» ) . 

h la rb e  p o r t ion  o f  the t o tal v�r i a t i o n  ( 82 . 54� ) i n  c r imps p e r  

i n c h  �as al so  du e to un i d e n t i f i e d  s o u r c es . O f  a o o u t  1 6  p e r c en t of  the 

t o t a l  v � r i a t i o n  a t tr i b u t a b l e  to the d i f f e r e n t  sour c e s , y e ar , type o f  

bir th anci r e gr e s s ion compon e n ts � e r e  1 1 . 1  p e r c en t ,  3 . 1 7 p e r c e n t  and 1 . 58 

p er c e n t  r espe c t i v e ly . 
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'rH oL1 7 

L eas t s �uare es tima tes of var ious e f fe c ts 

Greasy Ho gge t Hairiness Mean Fibre S taple length Crimps per 
Category Sub- class Flee c e  wt Live w t  y

3 fo Diame ter 
y

5 
inch 

y
1 

lb y
2 

lb y
4 

/.1 cm y
6 N o .  

1958 -0. 124 2 . 322 1 . 696 -0 . 756 0 . 29 1 -
1959 - 1 . 892 4 . 152 3 - 348 -3 . 635 - 1. 7 12 0 . 500 

Year 1960 - 1. 567 -5 - 557 - 1 . 427 - 1. 078 - 0 . 003 - 0 . 114 
1961 0 . 055 -3 . 823 - 1. 538 -0 . 032 0. 198 0 . 145 
1962 1 . 178 6 . 972 - 2 . 147 3 . 053 0 . 5 12 - 0 . 094 
1963 1 . 357 3 . 244 - 1 . 149 2 . 468 0 . 364 -0 . 157 
1964 0 . 992 -7 . 306 1 . 2 17 - 0 . 380 -0 . 28 1  

2- tooth -0. 28 - 1. 91  -0 . 20 -0. 27 -0 . 03 - 0 . 03 

Age of Dam 4- to o th 0 . 06  0 . 06 0 . 06 0 . 23 o . o8 -0 . 01 
6- too th & 0. 22 1. 85 0. 14 0 . 04 -0. 04 0 . 04 Full mouth 

S ingle 0 . 17 1 . 89 -0 . 91  -0 . 22 -0 . 19 0 . 18 

Birth Rank Twin -0 . 20 - 3 . 00 0 . 80 - 0 . 11 0 . 22 -o . o6 
Twins 
r eared as 0 . 03 1 .  11 0 . 11 0 . 34 -0 . 03 - 0 . 12 
Singles 

Regr .  on 
p Date o f  - 0 . 02 -0 . 23 0 . 04 -0 . 06 -0 . 01 - 0 . 001 

Bir th 

l.l M ean 8 . 035 85 . 707 7 . 8 93 35 . 8 12 14 . 142 3 . 248 

No . o f  Animals 
us ed in the 801 80 1 801 686 80 1  689 -

Es timation 
of Effec ts 

---- ------'----



Sour c e  
o f  

Var ia tion 

Total 

Years 

Age of 
Dam 

Type o f  
birth 

@ 
Error 

L_ ____ ------- . -

r,\BLE 8 
S ummary o f  analysis o f  varianc e  for the leas t s quar e e s t imates  of  various e f fe c ts 

(Mean s quares only ) 

Greasy 
Fleece  w t  

D . F .  

Boo 

6 

2 

2 

1 

789 
- -- ------

Mean 
. S quares 

2 . 65 

1 67 . 52* * 

1 4 . 46• •  

1 2 . 27* * 

45. 9 1 * *  

1 . 37 

Hogge t Hairiness hean Fibr e 
Live w t  Diame ter 

D . F . 

Boo 

6 

2 

2 

1 

789 

• 
* * 
NS 

Mean M ean Ne an 
S quares D .  F .  S quar es D . F .  S quares 

1 34 . 32 Boo 59 . 25 685 1 95 . 65 

3070 . 1 0* * 6 460 . 49* * 5 567 . 33* * 

B50 . 50* * 2 6 . 88* * 2 1 1 . 07* * 

2086 . 95* * 2 247 . 61 * * 2 4 . 24* 

4478 . 30* *  1 1 1 2 . 1 5* *  1 246. 33* *  

1 05 . 59 789 55. 64 675 8 - 3 1  

Probability o f  chan c e  o c curren c e  < . 05 
Probability o f  chan ce  o c currence < . 0 1  
N o t  s ignifican t  

S taple length 

Mean D .  F .  S quares 

Boo 3. 1 6  

6 60. 45* *  

2 1 . 1 1  NS 

2 1 4 . 10* * 

1 8 . 85* * 

789 2 . 6B 

44 

Crimps per 
inch 

Mean 
D . F .  S quares 

6BB 2 . 1 1  

5 B . 47 * *  

2 0 . 32 NS 

2 4 . 56* 

1 0 . 1 5  NS 

678 0 . 52 7 1  
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rABL1. 9 

Comparison o f  var ious e f f e c ts on d i f f e r e n t  tr&its  b e tw e en sub c lass e s  wi thin c lass e s  

! 

Greasy Ho gge t Hairiness !•l ean Fibre S tapl e  length Crimps per 
Flee c e  w t  Liv e w t  Diame ter inch 

S ingle minus twin 0 . 37 4 . 8 9  - 1 . 7 1 - 0 . 1 1  - 0 . 41  0 . 24 

S ingle minus tw in 0 . 1 4 0 . 78 - 1 . 02 - 0 . 56 - 0 . 1 6 0 . 30 
rais ed s ingly 

6- too th and F . M . 
0 . 50 3 . 7 6  0 . 34 0 . 3 1  - 0 . 0 1 0 . 07 

minus 2 - to o th 

6- too th and F . M . 0 . 1 6  1 . 7 9  0 . 08 - 0 . 1 9  - 0 . 1 2  0 . 05 
minus 4- too th 

Linear r e gress ion 
0 . 02 0 . 23 - 0 . 04 0 . 06 0 . 0 1 0 . 00 1  

o n  date o f  b ir th 



4 6  

rr..i3LZ 9 a  

Percentage o f  t o t a l  var ianc e  a t tr i b u ta b le to  d i f f e r en t sour c e s  o f  v ar ia t ion* 

Sour c e  o f  Greasy Ho e;ge t Hairiness I•: e an Fibre 
S taple length Crimps per 

Variation Fle e c e  w t  Live w t  Diame ter in ch 

Year 47 . 22 6 . 0 1 5 . 96 34 . 62 1 9 . 2 6 1 1 . 1 1  

Age o f  Dam 1 . 3 9  ( - ) ( - ) 0 . 75 ( - ) ( - ) 

Type o f  ( - ) 4 9 . 85 2 . 1 5 ( - ) ( - ) 3 . 1 7  Bir th 

Regress ion 
2 . 43 2 . 54 0 . 2 1 3 . 1 4  ( - ) 1 .  58 

on Age 

Remainder 48 . 9 6  4 1 . 61 9 1 . 67 6 1 . 46 8 1 . 34 82 . 54 

�--�----------

* The c e l l s  marked ( - ) indi c a t e  tna t the e f fe c t  in t erms o f  the  p e r c en tage o f  the 
to tal var iation is negli gib l e . 

------



1 .  In trodu c tion 

B . CORRECTION FACTORS 

47 

The princ iple o f  t h e  leas t s quar e s  model  has alr eady b e e n  

e xp laine d  in the previous s e c tion . 

�he data o f  this s tudy cou ld be arranged t o  form a numb er  

of  dam-daugh t er groups in s u c h  a w ay tha t the  dams w e r e  comparab le 

w i th r esp e c t  to year an d age . This grouping obvia t es the n e c es s i t y  

o f  hav ing to corr e c t  t h e  d am ' s r e c o r ds for  t h e  y ear e f fec ts and t h e  

d au bhter ' s r e cords for t h e  y ear and a g e  o f  d a m  e f fe c ts . 

rhe e s t imates pr e s en t ed in fab le 7 w e r e  o b tained by the us e 

o f  l e as t s quare s  models in w h i c h  t he year componen ts ( r . ) w e r e  in c l ud e d . � 
But s in c e  the data  ar e ana ly s e d , as men tione d ear l ier , in a i th in- group 

bas i s , t he c o r r e c tion f o r  y ear is no t r e quired ;  and the es tima tes o f  

the o ther e f f e c ts ob tained w i t h  the inc lusion o f  y e ar e f fe c t  in the 

m o d e l  are invalid for o b taining corr e c ti on fac tors f or adj us ting dam ' s 

as w e l l  as d aubht er ' s r e co rds . AS m en t ioned b e for e , whi le the dam ' s 

r e c ords n e e d  adj us tmen t for the age o f  dam and type o f  birth e f fe c ts , 

the dau ghter ' s re cords do no t have to b e  adjus ted  for the age o f  d am 

e ff e c t s . This differ e n c e  ne c e s s i tates the us e of d i f ferent models  

for  o b t aining corr e c tion fac tors f o r  dams and daugh t ers . B o th dam ' s 

and dau ght er ' s r e c ords need  t o  b e  corr e c te d  for r e gress ion on date o f  

b ir th.  The r e gress ion values are o b tained from the appropria t e  mo d e ls . 



2 .  C o r r e c'tion fac tors for adjus ting dam ' s  r e cords 

( a )  L e as t squar e s  mod e l  

The f o l lowing ma thema ti cal mo d e l  was as s ume d : -

The various t e rms hav e s t ill  the sam e  meaning as in the 

p r e v i o u s  mod e l .  The obvious dif f e r en c e  be tw e e n  the previous and 

this m o d e l  is tha t in this cas e the y e ar comp o n e n t  ( r . )  is missin g  l. 
and the r e fo r e  � and a .  are  absorbed ins t e ad o f � and r . . The 

J l. 
pr o cedure  o f  s o lving th e normal e �uations for this  m o d e l  is e xa c tly 

the  same as in the mo d e l  ae s cribed  in th e pre c ed ing s e c tion . 

The sum o f � +  a . , now , has to be  d i vided by 3 ( b e caus e 
J 

j = 1 ,  2 , 3 ) , af ter making tu e  usual as s ump tion tha t  � a . = O ,  to 
J 

derive  t he value o f  tJ. • fhe individua l  a . ' s a r e  ob t�ined b y  subs t i
J 

t u t ing the value o f  tJ. in to  the tJ. + a . e quat ions . 
J 

( b )  R e s u l t s  ana dis c uss ion 
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The e s t ima tes d e rived  by us in6 tne new mo d e l  ar e p r e s e n t e d  

i n  Tabl e  1 0 .  

Ins tead o f  corr e c t i ng the r e cords s epara t e ly for a
j 

and tk 

c lass i f i ca t ions , these  two  w e r e  comb ined to form t he following c las s e s : -

2 1  = Age of  Dam - 2 - too th;  Bir th rank - s ingl e . 

22  = Age of Dam - 2 - to o th ;  Bir th rank - s in gl e . 

23 = Age o f  Dam - 2- t o o th ;  Bir th rank - twin ra i s e d  
s ingly . 

4 1 = Age of Dam - 4 - to o th ;  Bir th rank - s ingl e . 

42 = Age of Dam - 4- too th ; Birth rank - twin . 



Category 

Age of  

Dam 

Bir th 

Rank 

-

rr.BLL 1 0  

Leas t s quares es tima tes o f  a
j

, tk and � ( X
j kl - X )  e f f e c ts for ob taining 

corr e c tion fac tors to adj us t dams ' r e cords 

Greasy Hogge t 
Hairiness 

Ivl ean Fibre 
S taple length Sub- class Fle e c e  w t  Live w t  Diame ter 

y 1 lb y2 lb y 3 'to y 4 
y5 cm /..1 

2- too th - 0 . 3 1  - 1 . 99 -0 . 3 1 I -0 . 24 -0. 05 

4- too th 0 . 1 4  0 . 1 9 0 . 03 0 . 35 0 . 1 4  

6-too th & 0 . 1 7  1 . 80 0 . 28 -0. 1 1  -0. 09 Full mouth 

S ingle -0. 00 1 . 94 - 0 . 75 -0. 47 - 0 . 2 9  

Twin - 0 . 1 0  -2 . 29 1 .  01  -0. 08 0 . 20 

Twins 
r eared as 0 . 1 0  0 . 36 -0 . 26 0 . 56 0 . 09 
S in gles 

Regr . on  
Date of  o . oo6 - 0 . 099 0 . 0 1 4  -0. 001 -0. 004 
Bir th 

49 

Crimps per 
in ch 

y 6 N o .  

-0 . 03 

-0 . 03 

0 . 06 

0 . 1 9  

-0 . 03 

-0. 1 6  

0 . 002 

..... 
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43 = Age o f  Dam - 4- too th ; Bir t h  rank - twins raised 
s ingly . 

6 1  = Age o f  Dam - 6- t o o th  and F . N ; Bir th r ank - s ingle . 

62 = Age o f  Dam - 6- too th and F . M ; Bir t h r an k  - t win . 

63 = .tl. ge o f  Dam - 6- too th and F . M ; Bir t h  r ank - t .vins raised 
s in gly . 

,� f t e r  combining the es t imates in the manner s hown above , the 

fac tors w e r e  e xpr e s s e d as devia t iops from the 61 - c las s . In o ther w ords , 

the r e c o r d s  w ere  adj us t ed to the ma ture- dam and sin g l e  b i r th class i f i ca t i o n s . 

I n  ordinary ma chine c al cula t ions , t nis would mean t ha t  the individuals 

b e lon�ing to  the 61 - c lass , w h i c h  �r e usually mo st  f r e qu e n t  in the da ta , 

w o u l d  n o t hav e  to b e  corr e c t e d . 

The corre c t ion fa c tors , s hown in Tab le  11 , are the d evi a tio ns 

of the various e f f e c ts from the 61 - c lass w i th their s i gns changed , and 

the fi 6ure s  r ound ed o f f . In a c tu a l  cal c ula tio n , the a c tual compu ter 

prin t - o u t s  w i th e i ght pla c e s  a f t e r  the d e c imal po in t were used . 

The corr e c tion for the r e gress ion on da t e  o f  bir th was app l i e d  

t o  tno s e  indiv iduals w h i c h  d i f f e r e d  from the mean age  ( the me an age was 

45 for � ma t r ix and 46 for ma tr i c e s  B and C ) . The r e gr e s s ion va lue 

was mu l ti p l i e d  by this differ en c e  and r e cords adj u s t e d  a c cordin gly . The 

wri ter is gra te f u l  to his supervisor Mr Ch ' ang  ( 1 96 6 )  for sugge s t ing  

this me tho d which ma de  i t  very convenient t o  apply some  modi f i ca tions 

in his c o mpu t er pro gramme to in c lude  r e gr e s s io n  as a c o rr e c t ion fac t or . 



r; ,BL.t.; 1 1  

Corr e c tion fac tors f o r  adj us tin g  the dams ' r e cords to ' S ingl e ' type 
of bir th and ' 6- too th or F . M . '  age of dam c lassifica tions 

Model : - Y
j kl 

= 1..1 + a
j 

+ t
k 

+ J3 ( X
jkl - X) + e

j kl 

·� 2 1  22 23 41  42 43 6 1  62 

s 

s 

Greasy flee c e  w t  +0. 480 +0 . 5�8 +0 . 370 +0 . 027 +0 . 1 34 -0 . 084 0 +0 . 1 08 

Hogget live-wt +3 . 792 +8 . 02 1 +5 . 370 + 1 . 604 +5 . 834 +3. 1 83 0 + 4 . 230 

Hairiness + 0 . 588 - 1 . 1 66 +0 . 1 04 +0 . 252 - 1 . 502 -0 . 232 0 - 1 . 754 

Mean fib . dia. +0 . 1 3 1  -0 . 256 -0 . 904 -0 . 468 -0 . 3 1 8 - 1 . 502 0 -0 . 387 

S taple length - 0 . 047 -0 . 531 -0 . 426 -0 . 235 -0. 7 1 9  -0. 6 1 4  0 -0. 483 

Crimps per inch + 0 . 086 +0 . 3 1 5  i +0 . 440 + 0 . 088 +0 . 3 1 7  -0. 442 0 +0. 2 1 4  

51 

Regression 

63 on 
Dat e  o f  

Bir th 

-0. 1 1 1  - 0 . 006 

+ 1 . 578 +0. 099 

- 0 . 484 - 0 . 0 1 4  

- 1 . 034 +0. 00 1  

-0 . 378 +0. 004 

+0 . 327 -0 . 002 



C .  CORRECTION F�CTORS FOR �DJUS T ING 
DAUGHT�R ' S R�CORDS 

1 .  L e a s t  squar es  mod e l  

S in c e  the r e c o rds o f  the dau gh t ers n e ed ad j u s tment for the 

type  of birth and r e gr e s s ion on  date of b ir th only , the es t i m a t e s  

o b tained b y  u s ing  t he m o d e l s  w hich in clude  year ( r . ) and/or a g e  o f  
l 

dam ( a . ) componen ts are n o  lon5er v alid . 
J 

The mathema ti cal  mode l u s e d  f o r  thi s purp o s e  was , 

52 

Y kl 
= p + tk + � ( Xkl

- i) + ekl
' w i th the usual  d e f ini tions o f  the  t e r m s . 

f h e  abs o rpti o n  e qu a t ions , in this cas e w e r e  formed by ab s o r b-

ing .u ana tk . The L: (  p + tk ) was , a f t e r  a s s uming L:tk = 0 ,  d i v i d e d  b y  

3 ( b e cau s e  k = 1 ,  2 ,  3 ) to ob tain p .  .2r1e t,  w e r e  cal c u l a t e d  by 
K 

s ubs t i tu t ing the value o f  p i nto  the � + tk e quations . 

2 . 2 e s u l ts and di s cus s ion 

'rh e  e s t ima t e s  b a s e d  on  the mo d e l ,  Ykl = p + tk + F ( Xkl - X ) 
+ ekl 

hav e b e en pr es e nt ed in Table 1 2 . 

A l l  the  dau gh t er ' s re cords w ere adj us ted �o the ' s ingle ' type 

of birth c lassifi cation by expressing t he corr e c tion fac tors as deviations 

from this sub-class . The c o rre c tion fac tors are s hown in Table 1 3 ,  a f t er 

reversing the s i gns o f  the  deviati ons mentioned abov e . 

The corr e c t ion for r e gress ion on  da t e  o f  birth was per formed 

in the s ame way as in corr e c t ing the dam ' s re c o rds . 
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·rABL.t; 12 
Leas t s quares es t imat es o f  t

k 
an d � ( X

kl X) effe c ts for ob taining 

corr e c tion fac tors to adj us t daughters ' re cords 

Greasy Ho gge t 
Hairiness 

Mean Fibre 
S taple length 

Crimps per 
Category S ub- c lass Fle e c e  w t  Live w t  y

3 � Diame ter y
5 

inch 
y 1 lb y

2 lb y
4 

cm y
6 N o .  /..l 

S ingle - 0 . 06 1 . 45 -0 . 82 -0 . 49 -0 . 27 0 . 1 8  

Type o f  
Twin -0 . 07 - 1 . 98 1 . 06 -0 . 09 0 . 1 9  -0 . 03 

Birth 

Twins 
r eared as 0 . 1 3 0 . 53 -0 . 24 0 . 58 0 . 09 -0 . 1 5  

Singles 

Regr .  on 
Date o f  o . oo4 - 0 . 1 1 5 0 . 0 1 2  -0 . 001 -0 . 004 0 . 001  

Bir th 

------ -----------



rH BLE 13 
Corr e c tion fac tors for correc ting the Dau ghters ' re cords by adj us ting 

to ' S ingl e ' type of bir th c lassification 

Model : - Ykl = 11 + tk + 13 ( Xkl - X ) + ekl 

� 
S ingles Twins 'l'wins reared 

singly s 

Greasy fle e c e  w t  0 +0 . 0 1 5  -0 . 1 87 

Ho gge t live-wt 0 +3. 430 +0. 9 1 9 

Hairiness 0 - 1 . 878 -0 . 586 

Mean fibre diame ter 0 - 0 . 397 - 1 . 063 

S taple length 0 -0 . 463 - 0 . 362 

Crimps per inch 0 +0. 208 +0. 336 

- --·- --------·-

Regression 
on 

Da te of 
Bir th 

- 0 . 004 

+0 . 1 1 5 

-0 . 0 1 2  

+0 . 001  

+0. 004 

-0. 001  
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1 .  Introdu c t i o n  

D .  HERITAB I�I rY ESTIMhTES 

rhe prac t i cal an imal b r e e d e r  is mainly con c erned w i th 

h e r i t ab i lity de fine d ,  in the na rrow s e n s e , as the ra tio  o f  the 

aadi tive gen e t i c  var iance to  the to tal  or pheno typ i c  varian c e . fhe 

c o ns e quen c e s  of gen e  a c tion w hi c h d i f fers from the addi tive  s cheme 

have b e en d i s cu s s e d  by Lush ( 1 937 , 1 94 9 ) an d Le rner ( 1 950 ) . 

�he a d d i t i v e  gen e t i c  varian c e  is the component o f  to t al 

55 

v arian c e  thought of as ari s ing from the av erage e f f e c t s  of the genes . 

I t  r e f l e c ts the var i a t ion  that is t ran smi t t ed from par e n t  to  o f fspring 

and is tte r e fo r e  c o n s i d e r e d  r e spons i b l e  for  t h e  r e s e mblan ce  be tween 

r e la t iv es . fhe e s t imation o f  the amoun t o f  a a d i t i v e  gen e t i c  varian c e  

d ep ends o n  t h e  measurement  o f  the d e gr e e  o f  r e s emb lan c e  b e tw e en 

r e la t ives . 1he mos t  common r e lat i onships ar e b e t w e en o f fs p r in g  and 

their paren ts , and b e tw e en full or hal f- s ib s . 

I t  can be  the o r e t i cally s hown t ha t  the  d e gr e e  o f  r e s em b l an c e  

b e tw e en r ela t iv es , measur e d  as a r e gr e ss ion o r  corr e la ti o n  co e f f i c i en t , 

2 is r e la t e d  to the he ritab i l i ty ( h ) as fo llow s : -

Re gr e s s ion o f :  

O f fspring o n  one par e n t  = 

O f fspring o n  mean of  2 par e n ts = 

Intraclass corr e la tion o f :  

half sibs = 

full  sibs = 
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The  intra c lass c orrelation o f  full s ibs is no t c onfined to  

the  addi t i v e  varianc e ,  and  ther e for e the  corr e l ation is augm e n t e d  by 

p ar t  of the non-additive  var ictn c e  if any is pr esen t . 

fhe m o s t  s e r i o u s  c o1np lic a ti on in es t ima t ing additive  gen e t i c  

v ar ian c e  ari s e s  from t h e  fac t tha t there are o f ten non- gen e t i c  caus es 

for the r e s emb lan ce  b e tw e en c er tain r e l a tives , whi c h  may increase  t h e  

r e gr es s ion or correlation a n d  l e a d  t o  a n  overes timation o f  the 

h er i t ab i li ty . I t  is mainly in the full-s ibs t ha t  r e s e mb lan c e  t ends 

mos t o f ten to be  augm e n t e d  by non gen e t ic  caus es , as they always have 

the  s ame mo ther ana are generally sub j e c ted  to s im i lar env ironmen t a l  

c o nd i t i ons . 

rhe abs e n ce  o f  n on- gen e t i c  causes o f  res emblan c e  in a r e 

l a t i onship is the mos t im}or t�n t  c r i t e r ion i n  choo s in b  a me thod f or 

es tima t ing the  he ri tab i l i ty . 

2 . �e thod o f  analys is 

Lush ( 1 944 , 1 94 9 ) has des cribed  var ious m e t hods o f  es tima t in g  

he r i tab i li t y . 

S e veral dam- dau gh t e r  pairs had obs ervations on all  chara c t ers 

under s tudy and therefor e , it w as poss ible to ob tain covarian ce  b e tw e en 

the  r e c or ds o f  dam and daughter t o  es tima t e  one hal f  the addit i v e  gen e t i c  

varianc e  b y  r e gr e s s ing t h e  dau ghter ' s r e cords o n  dam ' s . This r e gr e s s ion 

c o e f f i c i en t  was then double d  to giv e the her i t ab i l i ty es t ima t es . 

Prior to  ob taining the r e gr e s s ion value , the measurab l e  non

gen e t i c  differ ences w e r e  e l iminat e d  from the r e cords by applying appropr iat e  

c o rr e c t ion fac tors ( Tables  1 1  and 1 3 )  and b y  p e r forming analysis on a 
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w ithin- group basis to r emove  y ear e f f e c ts from all re cords and age o f  

dam e f f e c ts from the daughter ' s re cords . 

The general formula us ed in the estimation o f  her itability 

was : -

h� = 1 

i = 

2 X 
cov ( X . ,  Y . ) 1 1 

2 �x . 1 

1 ,  2 ,  • • •  ' 6.  

wher e , cov ( X . , Y . ) = covarian c e  between dam ' s and daughter ' s re cords 1 1 
and �X� = variance o f  d am ' s r e cords . 1 

fhe covarian ces  used as the numera tor  in the formula are 

the same as those  u s e d  as the denominator in the formula for calcula ting 

gen e ti c  correlations and are r epr esen ted  by t h e  diagonal elements in 

rable 1 8 . lhe s �uare roo t  o f  t h e  denominator , i . e . ,  the s tandard 

devia tions of dams ' re cords , are represented  by the dia6onal elements 

of  rable  1 9  ( upper figure s ) . 

fhe fo llowing example illus trates ti 1e use o f  the formula for 

es timating the heri tabili ties . 

The heritability of  greasy fleece  w eight ( say , 1 )  is obtained 

as follow s : -

= 2 X 

= 2 X = 0. 43 

The c ovar ian c e  0 . 27 and the s tandard deviation 1 . 1 2 w er e  extracted  from 
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Tables  1 8  and 1 9  r esp e c tiv e ly . 

The s tandard errors  o f  the heri tabi li t i e s  w e r e  ob taine d  by 

d o u b l in g  the s tandard e rrors o f  regr e s s ion co e f f ic i e n ts . 

w e r e  c a l c u la t e d by the me thod g iven by S n e d e c o r  ( 1 956 ) . 

The la t t er 

3 . ri e s u l ts and dis cuss i on 

The es timates o f  h e ri tabil it ies ob tained by do ub ling the 

r e gre s s io n of dau6h ter on dam hav e b e en p r e s e n t e d  in Table  20 . 

In the analys i s , the re cords o f  tne dams having twin daugh ter s  

hav e  b e e n  r e p e a t e d  over  t he dau ght e rs ' r e c ords . rhe mc t�od gen era l ly 

u s e d  in a s i t u a tion whe r e  th e r e  is a d i f f e r e n c e  in family s i z e  is to 

combine the s ums  o f  s �uar e s  and produ c ts from fam i l i e s  of oi f f e r en t s i z e  

a c co r d ing to a w e i sh t i n g  f a c tor  appropr ia te  t o  the fami ly s i z e . The 

deriva tion o f  t he w e ightin5 f a c tors is explain ed  by K e , � tho rne an d 

randon ( 1 953 ) and deeve  ( 1 955 ) . rhe p r e s en t data has a v ery l ow 

propor tion o f  dams which had twin daughte rs . K e mp t h o r n e  and ran don 

did no t f i n d  a n y  s i gnif i c a n t  d i f f e r en c e  b e tw e en the es tima t e s  of 

her i ta b i l i ty ob tained from linear r e gr e s s ion analys is by r ep e � t ing  

d am ' s r e c ords with e a ch  of  her dau ghter ' s and by applying w e igh ting 

fac tors , w hen maj or pro p o r t ion o f dams , like in the pres en t data , had 

only one o ffspring. Rae ' s ( 1 958 ) data con taine d  1 5  per c en t  o f  dams 

w hi c h  had twin ewe o ffspr ing . He considered that such a low propor tion 

o f  dams w i th twin offspring were unlikely to  make the heri tability 

e s t imat e s  ob tained from r e gr es s ion analys is by repeating dam ' s r ec ords 

much differen t from tho se  derived from the me thod of Kempthorne and 

Tandon , i . e . , by using w ei ghting fac tor . 



Heritab ility es tima tes from r e gression o f  o f fspring on 

parent  are usually considered more reliable  than thos e bas ed on 
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half-sib me thod . .1h en the �nvironmen t is  random for all  individuals 

in a popula tion , the variance  among  dam- daugh ter pairs contains one

half of the addit ive  gene tic varian ce  whereas the variance  among 

half- sibs con t ains only one- fourth . This is why the re gres s ion o f  

o f fspring o n  par ent  i s  doubled  t o  ob tain the heritability es t imate  

but the  correlation among half-s ibs is mul tiplied  by  4 . � ampling 

and non-random errors are thus inflated by only a fa c tor of 2 in the 

former , bu t by 4 in the case o f  the la t ter e s timates . 

rhe parent o f fs pr i n g  me thod ex cludes tne e ff e c ts o f  environ

ment m o r e  effec tively th�n thos e bas e d  on fu ll  or hal f-s ibs , as the 

pa r ent and o f fspring are no t con tempor ar y  a n a are thus not  sub j e c ted 

to the same e nvironm e nt  a s  may be  the cas e u ith sibs . In the data 

ob tained from a population where s e l e c tion i s  practised  amonw the 

parents , the regr es sion me thod  h a s  an additional advantage o f  yie lding 

unbiased  e s timates  of heri tabili ty . 

The or e ti cal ly heritability may b e  es timated using t he 

r e gression o f  the o ffspring on e i ther par en t  bu t ,  in mos t  animal 

breeding da ta , dams far outnumber the s ires , and therefore , the es tima t e  

i s  usually ob tained f r o m  the regress ion o f  o f fspr ing o n  dam . In 

sheep breeding da ta , r e gress ion of daughter on dam is mo re commonly 

applied b ecause o f  the availability of dam-dau ghter pairs in subs tantial 

numbers and also b e c ause the me thod of dam- dau ghter r e gression does no t 

require the e s t imation of  e f f e c ts o f  s e x ,  and hence there is no n e c es s i ty 

o f  correc t ing the r e c ords for sex differenc e s .  
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The deritability es timates of various trai ts ob ta ined from 

the pre s en t  data by dam- daughter  regress ion analys is are , in general , 

consis t ent  v1 i th those  published in the li tera ture ( compare Tables 1 

and 20 ) . 

The o u ts tanding f ea ture  o f  the es tima tes is the high 

heri tability ( 0 . 43 )  of greasy flee ce w eight whi ch is hi gher than 

any o ther es tima tes rep or ted  so far for the N ew Zealand Romney Karsh . 

How ever , the pr e s e n t  es timate  appe&rs to  be m o r e  in line  w i th the 

preliminary results  of a s ele c tion experiment for fleece  we i6ht b eing 

c arried out  at Lassey Univers i ty . •  hich has  b e en commented on by rtae 

( 1 964 ) . 

The her i tab il i ty o f  meun fibre diame ter ( 0 . 1 7 )  is the low e s t  

o f  a l l  the tr� i ts s tudied bu t is comparable w i th 0 . 28 for tne rlUS tral ian 

h erino  ( Youn g � a l . , 1 960 ) and 0 . 29  for the .S ou th 1-1. frican l·, erino 

( Bosman , 1 958 ) . 

rh e heritabili ty o f  crimps per in ch ( 0 . 72 ) appears to b e  

higher in the N ew Zealand Romney than any o ther estimates  repor ted  for 

o ther breeds o f  sheep . 

The present es timat e  of  herit�bility of  hairiness ( 0 . 87 )  

con firms the previous s tudy made by Rae ( 1 958a ) in which he no ted that 

hairiness  was a highly heritable trait  in the New Z ealand Romneys , 

capable o f  r esponding rapidly to s election . 

It  is evident from Table  20 that individual produc tive traits 

of the New Z ealand Romneys are s trongly inheri ted and will respond 

rapidly to mass s ele c tion . The main l imitation to progress is the 

gene tic  antagonism exis ting b e tween some charac ters . The discussion 
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per ta in in g t o  this aspe c t  of  s e l e c tion w i l l  be pres en t ed in the 

f o l low ing s e c t i on . 

1 . PHJ!JN O 'rYF I C  ":..N D  GEN ET I C  CO HH.t.;L A'r i ON,;,) 

1 .  I n t r o du c t ion 

� pheno typ ic  c o r r e l at i on is the c o r r e lation  b e tw e en r e co r d s  

o f  two  t r a i ts on the sam e  an ima l . 

rhe follow ing d i a�ramma t i c  r e p r e s en t a t ion ( L ern e r , 1 958 ) 

shows t he b�s i s  o f  p l1eno ty i c  c or r e l ation b e tw e e n t�o trai t s  A an d B . 

G ,  rG GB 
GB H. A 

l
A 

lE 
A ( - -- rp B 

i 
A 

P
B 

i 
eA eB 

In the diagram , it has b een shown tha t the pheno type for a 

given trait  ( A )  is d e termined by i ts geno type ( GA ) and i ts environmen t 

( EA ) ' respe ctively c onne c ted to A by paths hA and e A . Tra i t  B has 
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s im ilar genotypi c  and env ironmen tal compo n e n ts . 

s quare r o o t o f  the he r i ta b i li t i e s  o f  tra i t s  A and B , respe c ti v e ly ;  

and eA and eB a r e  their respe c t iv e  env ironmen tal componen ts . 

A pheno typ i c  c o r r e l a t i o n  b e tw e en t � o  trai ts in a given 

ind ividua l may b e  in par t the resu l t  o f  the ir gene t i c  ass o c ia t i o n  

resul t ing from common sour ces o f  gene t i c  var ia t ion , su ch  a s  p l e io tr o py , 

l inkage , and the asso cia tion o f  l o c i  and b l o cks l o c a t e d  on d i f f er e n t  

chr omos om es . I t  c an a l s o  b e  in par t the  r es u l t  o f  common env ironmen t .  

The f o l l o w ing exam� l e  w i l l  fur t h e r  i l lus trate  this  po in t . 

�uppos ing e a ch o f  the  tra i t s  n and B as b e ing the sum o f  a 

gene tic term and an envir onmen t ( incluQing error ) t erm , and n e b l e c ting 

t ne general me ans , 

·" = g + e  

( 1 ) 

fhe ge n e t i c  corre lation r is the  c orrela tion b e tw e en g an d 

G ;  the pheno typi c  c o r r e lation � is t he c orrela t ion b e tw e e n  A and B ,  

and that b e tw e en e and E is the  envir o nmen t a l  c o rr e la tion , s ay r !. 

S in c e  a c orrel a t ion , � ha t e v e r  i ts na ture , is the ra t i o  of  

the  appropria t e  covar ian c e  to the  produ c t  o f  the  two s tandard d e v ia tions , 

we  have , 

r = 

R = 
cov ( A,  B )  

o-A • a-B 



and r '  = 
c o v  ( e, E )  
CJ

e • CJ .rl;  
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whe r e , cov ( g ,  G )  is the 

c o v a r i an c e  b e t w e e n  g and G an d CJ g and CJ 
G 

a r e  t h e ir r es pe c ti v e s tan dar d 

d ev ia ti ons . T h e  o t h e r  t e r ms hav e s lm i l a r  n o t a t i o n s . 

The p h e n o t yp i c  c o r r e la t i o n rt is that b e t w e en � and B and c a n  

b e  d i r e c t ly o b ta i n e d  f r o m  ( 1 )  as -

c o v ( g ,  G )  + c o v ( g , � )  + c o v ( G , e )  + c o v ( e , E )  
rt = 

2 + 2 c o v ( g , e )  + o-e J 
2 2 ] [o-G + 2 c o v ( G , � )  + CJ £ 

� s s um i n g  h a n d  H t o  b �  t n e  h e r i tab i l i ty e s t ima t e s  in t h e  n a r r o w  

s e n s e , o f  t h a  t w o  t r a. i  t s  r. a n d  i3 ,  u e f i n e d  as IJ 2 I ( o· 2 + CJ 2 ) g 6 e and 

2 2 2 CJ� I ( CJ , + o- ) r e s p e c t i v e ly , L e rn er ( 1 9_70 ) e s t a b l i s h e d  t he f o l l ow in g 
\.l J .u 

r e l a t i o n s h i p  b e tw e en p h eno ty p ic ,  � e n e t i c  and e n v i r o nm e n tal c o r r e la t i o n s , 

by us i n g  t h e  me t h o d  o f  p a th- c o e f f i c i e n t s . 

R =  r � + r '  ,J ( 1 - h ) ( 1 -H )  

S e a r l e  ( 1 961 ) has fur ther shown tha t : 

(1 ) the environmental c orrela tion is nega tive when R and r have 

the same sign only if Rlr is less than �; it is n e ga tive 

when R and r are o f  opposite  sign and R is nega t iv e ; 

( 2 )  e quality of  the heritabilities implies that when any two o f  

the c orrelations a r e  e qual t here i s  e quality of  a l l  thr e e , and ; 

( 3 )  the pheno typic  c orr elation exce eds ( or is less than ) the g ene t i c  

c orrelation a c c ording as the ratio r ' lr exceeds ( or is l e s s  than ) 



the value of  ( 1  - �) ;.....jc 1  - h ) ( 1 - H )  

2 . M e thod o f  analys is 
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I t  i s  c l ear f r o m  t h e  for e go in g  d i s c u s s io n  th� t  the c o n f o un d ing 

of 5ene t i c  and env ironm e n t a l  c o var i a t io n  in t h e  e s t im a t ion of pheno t y p i c  

c o r r e l a t i o n  d o e s  no t a l l o w  for any approx ima t i o n  a s to the magn i tu d e  or 

e v en the s i bn of gen e t i c  c o r r e l a t i o n . For t h i s  r e as on , a separate  

analys is w a s  c �r r i e d  o u t  to o b tain gene t i c  c o r r e l a t i ons b e t w e e n  t r a i ts 

a f t er c a l c u la t ing t h e  pheno ty� i c  c o r r e l a t i o ns by the usual pro du c t-

momen t me t ho d . Tne us e o f  d i f f e r e n t  s e t s o f  da ta , o w ing to m i s s ing 

r e c o r d s , f o l l o # a  tr 1e  s im i lar pa t t er n  a s  in o b t a i n i n g  5ene t i c  c o r r e l a t i ons . 

rhe pheno t yp i c  varian c e s  a n a  c o v ar i �n c e s  hav e  b e e n p r e s en t e d  i n  fab l e  1 6 . 

rhe e s t ima t i on o f  t h e  ge n e t i c  c o rr e l a t ion b e tw e e n  t rai t s  by 

t h e  r e c ip r o c a l  c o r r e l a t i o n  o f  one tra i t in the dam w i th ano t h e r  trai t 

i n  the o f f s p r i n g  has b e e n  u e s c r ib e d  by Hazel ( 1 943 ) . His formula w a s  -

= V
r

x
i 

X 0 I . rx X . 
J i '  J rG . 

w h e r e , X .  , X . ar e the G . rx . 
X . I 

rx . X . , 
l J l J . l l J J 

corresponding t r a i t s  in the o f fspr ing and X . , ,  X . , are the c orrespond ing l J 
trai ts in the dam . 

Ko c h  and C lark ( 1 955 ) have shown this formula as invalid wher e  

the s ituation i s  complicated  by maternal environmen t in whic h case the 

exp e c tation of the formula given above is no t rG .  G . " l J 
The me thod of  e s t imat ing the gene tic  corr e lation and the 

impor tan c e  o f  this parameter especially in des i gning selec tion indexes 
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hav e  b e en dis cussed  by Haz e l  ( 1 943 ) , Haze l  e t  a l .  ( 1 943 ) , Reeve  ( 1 953 ) , 

Jerome  e t  al . ( 1 956) , Falconer  ( 1 960 ) , 3 earle ( 1 96 1 ) and V an Vleck and 

nenderson ( 1 9 61 ) . 

Consid ering the s i tua tion described by the f o l l ow ing table 

for  t�o  trai t s  A and B, 

Trai t Dam Daughter 

}'. 

B 

Van V l e ck �nd henderson ( 1 96 1 ) showed tha t the �en e t i c  correla tion  

b e tw e e n  the trai to c�n b e  es timat ed b y  the fo l lowing four methods . 

1 .  rG . 
= 

A GB 

2 . rG = 

A GB 

4 .  = 

cov ( X2 , Y 1 ) 

v=cov(x 1 , Y 1 ) . cov(X2 , y2
) 

co v ( X
1

, Y2 ) .ycov(X
1 , y 1

) . cov ( X
2 , y2

) 

cov ( x1 , Y2 ) • co v ( X2 , Y 1 ) 

cov ( X1 , Y 1
) • cov(x2 , Y2

) 

cov ( x 1 , Y2
) + cov ( X2 , Y 1

) 

�cov ( X1 , Y 1 ) • cov ( X2 , Y2
) 

Van V l e ck and Henderson ( lo c . c i t )  noted that  all four methods o f  
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e s timation pro vided unbias ed  e s t ima tes  o f  the gen e t i c  correla tion when 

the sample size  was large . For small s i z e  ( N  = 1 00 )  and l o w  heri t

abi l i ty ( 0 . 20 ) o f  a t  lecls t one trai t , how ev er , the e s tima t e s  appeared 

to have  b e en b iased upwards , e s p e c ia l ly in the  case o f  the e s t imate 

o b tained by  us ing the third me thod . 

In  the present  ana lys is the four th me thod has b e e n  us e d  to  

e s tima te  all  gen e t i c  corr ela ti o ns . 

rhe r e cords o f  dams and dau�h ters w e r e  corr e c te d  in the way 

mentioned earl ier , b e fore  o b t aining var ious covarian c e s  whi ch have  

b e en pr e s en t e d  in Tab le 1 8 . rhes e covarian c e s  ar e based on d i f f er e n t  

n umb er o f  dam- daughter pairs b e caus e o f  t h e  mis s ing d a t a  mentioned in 

C hap ter I I I . !our d i f f e r en t  s e ts o f  data ha� to  be analy s e d  s epara t ely 

to o b ta in covarian c e s  as f o l l ow s : -

( 1 )  � l l  combina tion o f  c o varian c e s  b e tw e e n  greasy f l e e c e  

w ei ght , ho g b e t  li ve-w e i 5ht , ha iriness and s taple l e ng th . 

( 2 )  n l l  combina tion o f  covarian c es b e t w e en mean fib r e  diam e t er 

and o ther trai ts mentioned in ( 1 ) . 

( 3 )  All combination o f  co var ian c e s  b e tw e e n  crimps per  inch and 

o ther traits  m e n ti o n e d  in ( 1 ) . 

( 4 )  Covarianc e  betw e en cr imps p e r  inch and mean fibre  diameter . 

All covariances ob tained from ( 1 )  were u tilized in calcula t ing 

gene t i c  correlations be tw e en the traits gr easy fleece  weigh t ,  hogge t live 

w ei gh t , hairiness , and s taple l ength. These ar e based on maximum number 

of dam-daughter pairs ( 508 ) in the data . In the case o f  ( 2 )  and ( 3 ) , 

only c o varian ces containing mean fibre diameter and crimps per inc h ,  

respec tively , were used , a l though o ther covariances b e tween addi tional 
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r i ght hand s i d e s  ( s e e  Table 1 4 )  w e r e  avai la b l e . T h e  g e n e t i c  

c or r e l a t i o n s  a s s o c i a t e d  w i th m e an f ib r e  d i am e ter a r e  bas e d  o n  401 

dam- da u gh t e r  pairs w h i l e  thos e ass o c ia t e d  w i th crimps per in c h  are 

b as e d  on 2 92 . B e caus e of small numb e r  o f  dam- daubh ter pairs ( 1 85 ) 

availab l e  to o b t a in c o var i an c e  b e tw e e n  cr imps p e r  i n c h  and mean fi b r e  

d iame t e r , t h e  o n ly c o va r ianc e s  u s e d  from ( 4 ) � er e  t h e  o n e s  f o rm ing 

t h e  num e r a t o r  of the formula , the appropria t e  t e rms o f  d enominator 

b e in g ob tain e d  from ( 2 ) and ( 3 ) . The co var ian c e  in th e nume r a t o r  

N a s  o b ta in e d  b y  f orming a n e w  m a t r i x  D ( fab l e  1 5 ) . 

All c o v A r i a n c e s  r e �uir e d  �or c a l c � la t ing G e n e t i c  c o rr e la t i ons 

b e tw e en t h e  traits u n � e r  s tu dy , ha v e  b e en pr e s en t e d  in fab l e  1 8 . 

� e p r e s en t i n 5  dam and dau 6h t e r  by X an d Y r e sp e c t iv e ly , t h e  

g e n e r a l  f o r mu la for c a l c u la t inG gen e t i c  cor r e la t io ns c a n  b e  N r i t t e n  as 

f o l lows : -

cov ( X . , y . )  + c ov ( X . , y . ) ). J J ). 
r

G . 
= 

G .  
2,Jcov ( X

i
, y . ) c o v ( X . ,  y . ) ). J . ). J J 

As an e xamp l e , gen e t i c  c o r r e la ti on b e tw e e n  gr easy f le e c e  w e i ght 

( s ay , 1 )  a n d  hogget l i ve w e i gh t  ( s ay , 2 ) , 0 . 54 ( Tab l e  1 9 ) , is d e r iv e d  as , 

cov ( x
1

, Y
2

) + c o v ( X
2

, Y
1

) 
r

G G
2 

= 

1 
2Jcov ( X

1
, Y

1
) c ov ( X

2
, Y

2
) • 

Using the covariances from Tab l e  1 8 ,  

1 . 40 + 1 . 30 
= 

2
V0 . 27 x 23 . 28 

= 0 . 54 



'l'KBLE 1 4  

Additional right hand sides in cluued in Matrices B and C to ob tain pheno typi c  
covarianc e  o f  Y

4 
and Y

6 
w i th o ther charac ters 

68 

Equation 
R . H . S . ' s  added to Matrix B R . H . S . ' s  added t o  Matr ix C 

N o .  
y

1 
y

2 
y

3 
y

5 
y

1 
y

2 
y

3 
y

5 

1 894. 60 9682 . 0  1 093. 1 0  1 628 . 0 63 1 . 50 9 1 63 . 0 1 1 48 . 90 1 270 . 0  

2 631 . 50 9 1 63 . 0  1 1 48 . 90 1 2 70 . 0 8 1 9 . 20 1 0036 . 0 706. 00 1 7 1 5 . 0  

3 8 1 9 . 20 1 0036 . 0  706. 00 1 7 1 5 . 0 1 093 - 90 1 0993 . 0 905 . 00 1 953 . 0  

4 1 093- 90 1 0993 . 0  905 . 00 1 953 . 0 966 . 90 9676 . 0 692 . 30 1 58 9 . 0 

5 966 . 90 967 6 . 0 692 . 30 1 589 . 0 997 . 20 9388 . 0 72 9 . 90 1 542 . 0  

6 997 . 20 9388 . 0 729 . 90 1 542 . 0 1 044 . 00 90 1 2 . 0 1 054 . 70 1 675 . 0  

7 1 265. 80 1 4044 . 0  1 2 1 0 . 00 2338 . 0 1 336 . 90 1 437 5 . 0 1 2 1 9 . 50 2433 . 0 

8 1 542 . 40 1 6654 . 0  1 537 . 1 0  277 1 . 0 1 552 . 70 1 6037 . 0 1 4 1 2 . 50 27 1 0 . 0  

9 2595. 1 0  28420 . 0 2528 . 1 0  4588 . 0 2663 . 1 0  27856 . 0 2604. 80 4601 . 0  

1 0  2262 . 90 25360 . 0 1 922 . 20 3984 . 0 2400 . 1 0 25829 . 0 1 997 . 80 4 1 42 . 0 

1 1  2 91 3 . 40 3 1 3 1 8 . 0 31 84 . 50 531 0 . 0 291 4 . 40 29964 . 0 30 1 5 . 40 5 1 92 . 0 

1 2  227 . 00 2 440 . 0 1 68 . 50 403 . 0 238 . 20 2475 . 0 223 . 60 4 1 0 . 0  

1 3  1 207 . 59 - 9952 . 0  22 1 2 . 1 2 - 308 . 4 1  474 . 22 - 1 2652 . 90 3 1 76 . 93 1 066. 1 1  
- -- ---

i 



( ll + r . ) l. 

MATRIX D 

1 02 

1 2 1  

1 36 

1 09 

1 06 

a1 

a2 

a3 

t1 

t2 

t3 

f3 ( X
ijkl - X) 

'r i-\ BL .l:;  15 
Leas t s quares e qua tions for o b taining covarianc e  b e tween 

mean fibre diame ter ( Y4 ) and c r imps per inch ( Y6 ) 

fo tal No . 574 

Model : - Y .  " kl = 11 + r .  + a .  + tk + ;3 ( X . " kl - X) + e . " kl l. J  l. J l.J  l.J  

a 1 a2 a3 
t 1 t2 t3 

� ( X
ij kl - X) 

25 22 55 47 54 1 - 1 36 . 99 

33 34 54 76 37 8 - 1 22 1 . 4 1 
I 

33 35  68 44 85  7 +93 . 04 

33 38 38 42 64 3 + 1 354 . 20 

2 5  27 54 4 1  60 5 -88 . 84 

1 49 0 0 86 58 5 +250 . 37 

0 1 56 0 75 73 8 + 1 02 . 67 

0 0 269 8 9 1 69 1 1  I -353 . 04 

8 6  75 89 250 0 0 -226. 5 1  

58 73 1 69 0 300 0 +307 . 8 9  

5 8 1 1  0 0 24 - 8 1 . 38 

+250 . 37 + 1 02 . 67 - 353 . 04 -22 6 . 5 1  + 307 . 89 -8 1 . 38 93730 . 50 
--
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y
4 

y
6 

,, y 
' i j kl E Y

i jkl 

3270 . 97 388 . 44 

4253 . 66 388 . 77 

4840 . 80 4 64 . 91 

4 1 38 . 47 349 . 08 

4046. 78 331 . 85 

5277 . 29 498 . 1 9  

5642 . 39 5 1 5 . 70 

9631 . 00 909 . 1 6  

8876 . 59 863. 68 

1 0789 . 61 983. 89 

875 . 48 75 . 48 

- 1 2 6 . 83 1 54 . 1 5  



Charac ters 

Greasy 
Fleece  wt  

Hogge t 
Live w t  

Hairiness 

Mean Fibre 
Diame t er 

S taple Length 

Crimps per 
inch 

r . ..,.ELE 1 6  

Pheno typic s tandard devia tions , variances  and covariances  
( upper and lower figures  on d iagonal elements are  variances 
and s tandard deviations resp e c t ively and figures  above the 

diagonal are covariances ) 

Greasy Hogge t Mean 
.::i taple Flee c e  Live Hairiness Fibre 

Weight Weight Diame ter Length 

1 .  37 7 - 29 0 . 45 1 .  7 9  0 . 9 1  1 . 1 7 

1 05 . 59 -0. 80 8 . 79 4 . 08 1 0 . 27 

55 . 64 2 . 1 4 0 . 89  7 . 46 

8 . 3 1 2 . 32 2 . 88 

2 . 68 
1 . 64 

� 
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Crimps 
Per 

inch 

-0. 1 4  

-0. 68 

- 0 . 52 

-0 . 79 

-0. 74  

0 . 53 
0 . 73  
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The genetic  correlations between o ther pairs o f  trai ts hav e  

b e en similarly derived . 

The S tandard Error ( � . � . ) o f  the �ene tic  correlations w er e  

o b tained by the me thod �iven by  Rae ( 1 950 ) . the f irs t bracket  of  his 

formu la , wnich takes the follow ing form und er the present  notat ion , 

contributes  mos t to the variance : var ( rG . G . ) 
• 

� J 

var ( rG . G . ) l J 
= 

( rG . ) 2 

�
i
2 

G .  l J 

2 • (J . 
. i V 

+ a- ,  2 • a- ,  2 + [cov ( X . , Y . )] 2 +[cov 
' .  r .  � J J � 

n 

+ 

2 
(J · o-X .  y .  l � 

{ cov ( Xi , y . )  
J 

2 

+ 

J l + cov ( X . , Y .J 2 

2 
(J (J 

X .  y .  
J J 

2 

( X . , Y . )J 2 
J � 

+ -2-

where n = degrees o f  fr e e dom asso c ia ted w i th the gene ti c  correlations . 

Rae ( lo c . c i t . )  has s how n t ha t  the s e cond bracke t of  the f ormula , 

con taining the terms aris in g  from the c ovar ian c e s , c ould b e  ne gle c te d  w i t h-

o u t  s er iously al ter ing the  r esults . 

The s tandard errors o b tained by the use o f  the firs t bracke t o f  

Rae ' s formula are pres en t e d  i n  Table 1 9  ( b e low d iago nal ) . Thes e  values 

are derived by taking the s quare roo t of the value for var ( rG . G .
) . 

� J 

' 
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The es tima tes of phenotyp i c  a n d  gene tic c o r r e la tions o b tained 

in this s tudy are shown in Tab l e s  1 7  and 19  r e sp e c t i v e ly . 

I f  only the pheno typi c  corre lation is known , it  can b e come  

a m i s l e a d in � s tat is t i c . F o r  ins tan c e , a highly pos i t iv e  pheno typic 

c or r e la tion may mask behind i t  a n e ga t ive �en e t ic  c orr e l ation  or v i c e  

v ersa . For a t ime i t  may make a t ru i t  app ear s ta t i c  o r  b eyond improve-

men t � hen a c tually gene tic  im� r ov�ment  is b e ing ma ae . How e v er , i f  i t  

i s  ac compani e d  b y  ei ther the �en e t i c  o r  the environmen t a l  corr ela tions , 

i t  b e comes h e lpful in making at  le as t a f ai r gu ess  as to the missing 

c o r r e l a t i o n . rnus , if  t h e  pheno typi c  corr e l a t ion N as zero and the 

e nv i r onme n t a l  correla tion ni ghly pos i t ive , w e  w o u l d  expe c t  the gen e t i c  

c o rrelation to  b e  hi bhly n e b� t i v e  unle s s  do�inance ac c o u n t e d  for a lar ge 

par t o f  t h e  gen e t ic  c o v a r ia n c e . 

rhe pr e s e n t p h e n o ty p i c  c o r r e l a t io n s b e tw e en the chara c ters 

a r e  �ui te  c o n s i s t e n t  w i th tho s e  r e por t e d  for t he s3me flo ck of sheep b y  

�ae ( 1 958 a ) and t ho s e  r epor t ed for o ther breeds . fi l l  pheno typ i c  corre-

l a tions be t w e en c r imps per  in ch and the  o ther charac t e r s  und e r  s tu dy 

ar e n e gat i v e . This is , again , i n  g o o d  a gr e e men t  w i t h  the r esults  

r epor ted  in the  l i terature ( Table  2 ) . The only po s it iv e  value ( 0 . 05 ) 

o f  pheno typ i c  c orrelation b e tw e en crimps per inch and ho gge t live w e i gh t  

w a s  repor t e d  by Morley ( 1 955 ) f o r  t h e  Aus tralian Merino  s heep . 

The low corre la tion b e tw e en f le e c e  w e ight  and hairiness ( 0 . 05 )  

i s  s imilar to  thos e report e d  by Go a t  ( 1 945 ) and Rae ( 1 958a ) . 

A t  the  pheno typ i c  level , t h e r e  is s o me add i ti onal informa t ion 
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Pheno typic  correlations among the various char a c t ers 

Greasy Ho gge t M ean 
S taple Crimps 

Charac ters Flee c e  Live Hairiness Fibre Per 
W eigh t  .� eight Diame ter Length 

inch 

Greasy 0 . 61 1 • •  0 . 051 
0 . 532* * 0 . 48 1 • • -0. 1 73• • 

Fle e c e  w t  

Hogge t 1 0 . 292 • • 0 . 24 1 • •  - 0 . 093• 
Live w t  -0 . 01 

Hairiness 0 . 1 1 2• •  0 . 07 1 * -0. 1 03 • •  

Mean Fibre o. 482• • - 0 . 37
4• • 

Diame ter 

S tapl e  Length -0 . 633• • 

Crimps per 
inch 

1 Bas ed on 789 degrees  o f  freedom 
2 Base d  on 675 degr e e s  o f  fre edom 
3 Based  on 678 degrees  o f  freedom 
4 Base d  on 564 degr e es o f  fre edom 

* and • • indicate tha t  the correlation is different 
from zero at P ( • 0 5 and P < . 0 1  resp e c tively . 
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Daughter  Gene t i c  Covariances * 

y . - j = 2 , 3 ,  • • •  , 6  
J 

� t::l 

Y .  - i = 1 , 2 , • • •  , 6 J. Gr easy Hogge t Hairin e s s  
X.  - i = 1 , 2 ,  • • •  , 6 Fle e c e  w t  Live w t  

J. 
X .  - j = 2 , 3 ,  • • •  , 6  

J 

Greasy fle e c e  weigh t  0 . 27 1 . 40 - 0 . 2 8 

Ho gge t live weigh t  1 . 30 23 . 28 -5 . 7 9 

Hairiness -0 . 4 1 - 1 2 . 1 6  1 4 . 08 

Mean fibre diame ter 0 . 1 0  0 . 03 0 . 95 

S taple length 0 . ? 3  0 . � 6  - 0 . 3 1+ 

Crimps per inch -0 . 04 0 . 06 -0 . 09 

* ( 1 ) The diagonal elements are : cov ( X . ,  l. y . ) ; ]. 

( 2 )  The elements above the diagonal are : cov ( X . , l. y . ) ;  
J 

( 3 )  The e lements b elow the diagonal are : CO 'l ( X . , 
J 

y . ) i l. 

Nean Fibr e 
Diame ter 

0 . 37 

1 . 26  

0 . 32 

0 . 60 

0 . 65 

-0 . 34 

where i = 

74 

Crimps per S taple length inch 

0 . 1 0  -0 . 02 

0 . 74 -0 . 26 

-0 . 0 1 -0 . 33 

0 . 1 7  -0 . 08 

0 . 65 -0 . 28 

-0 . 26 0 . 1 8  

charac ter  1 ,  2 , • • •  , 6 and 
cov ( X . y . ) ; wh ere j = 2 , 3 ,  . . . , 6 .  

J J 
where i = charac ter 1 , 2 , • • •  , 5 ,  and 
j = charac ter 2 , 3 , • • •  , 6 . 
where  i = charac ter 1 , 2 ,  • • •  , 5  and 
j - charac ter 2 , 3 , • • •  , 6 . 

i 

i 
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Gene tic  s tandard devi a tions , gene t i c  c o r r e l a t i o n s  and s tandard errors • 

r G . G  

S . E . 
J. j 

Greasy 
Fle e c e  w t  

Hog ge t 
Live w t  

Hairiness 

Mean Fibre 
Diame ter 

S taple Length 

Crimps per 
inch 

• Diagonal elements 

I 

I 
I 

I 
I 

I 

Greasy 
Fle e c e  w t  

1 . 1 2  
1 . 23 

0 . 1 7  

0 . 1 4  

0 . 36  

0 . 1 5  

0 . 1 5  

I 

I 
I 

I 
I 

I 

Ho gge t 
L ive  w t  

+0 . 54 / 

1 0 . 05 
1 1 . 57 

0 . 1 4  

0 . 2 6  

0 . 1 6  

0 . 1 6 

- Upp er f i gur t::s , 

! 
I 
I I I 
j .... 
. 
I I I 

I 

I 

Ha ir ine s s 

-0 . 1 8  

-0 . 49 

5 . 67 
7 . 24  

0 . 22 

0 . 4 1 

0 . 1 0  

I 
I 
i 
I 

I 

t� e an F i b r e  

D i am e t e r  

+0 . 58 

+0 . 1 6 

+0 . 24 

2 . 66 
3 . 1 4  

0 . 34 

0 . 34 

s t d . devi a t ions o f  dams ; 
d e v i a t i on s  o f  da� gh ters . 

Above diagonal elemen ts - G en e t i c  c o rr e la t i ons . 

S tap le l en gth 

I +0 . 40 

I +0 . 2 1  

I -0 . 06  

+0 . 68 

1 .  68 
1 . 67 

I 0 . 1 8 

lower figur e s , 

Below diagonal elements - S tandarj errors o f  the g0L e t i c  corr e la tions . 

I 

I 

I 

I 

I 

I 

75 

Crimps per 
inch 

/ 
-0 . 1 3  

-0 . 05  

-0 . 1 2  

-0 . 63 

-0 . 76 

0 . 7 1 
0 . 69 

s t 3.n dard 
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7 6  

Heri tabili t i e s  e s t i m � t e d  from t h e  r c br e s s i o n  o f  
duugh t e r  o n  �urn 

Charac ters H e r i t ab i l i ty l{ e marks 

Greasy f l e e c e  w e ight 0 . 43 .!. 0 . 1 0  B �s e d  on 508 dam- d tr . pairs 

I 
Hogge t live-weigh t  0 . 46 + 0 . 1 0  I Bas e d  o n  508 dam- d tr . pairs 

Hairiness o . 87 .!. 0 . 1 2 I Ba s e d  o n  508 dam- d tr . pa irs 
I 
' 
! 

M e an fibre d iam e t e r  0 . 1 7 .!. 0 . 1 0 Bas e d  on 40 1 dam- d tr . pairs 

S tapl e  length 0 . 46 + 0 . 02 Bas e d  o n  508 dam- d tr. pair s 

Crimps per in ch 0 . 72 .!. 0 . 06 Bas e d  o n  2 92 d am- d t r . pair s 
-L__ 
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r ep o r t ed for the N ew Zealand Romney sheep . Bar ton ( 1 954 ) , Coop ( 1 95 6 ) , 

Co ckr e m  e t  al . ( 1 956 ) and Inks t e r  ( 1 95 6 )  r epor t e d  p o s i tive pheno typic  

asso ciation b e twe en face cover , fer t i l i ty , gro w th and fleece  wei ght . 

They foun d  tha t open- fa c e d  ewes  produc e d  more lambs than clos ed- fa c e d  

ew e s . � allace  ( 1 96 1 ) and C o o p  ( 1 962 ) have r ep or te d  posi tive  pheno typ i c  

ass o c i a t ion b e t w e en liv e  w e i gh t  at  mating and f e r t i l i ty in the same 

s eason . 

rtS s ta ted ear l i e r , thou bn the asso c ia t ion b e t N e e n  the c har a c t e r s  

a t  t h e  pheno typ i c  l e v e l  m a y  be  impor tan t from the p o i n t  o f  view  o f  f l o c k  

n u t r i t ion , i t  d o e s  no t p r o v i d e  a clue a s  t o  the na ture o f  gen e t i c  r e la t ion

ship b e tw e en them . 

The �ene t i c  c o r r e la tions �r e s e n t ed in  fab l e  1 9  sugges t tha t if  

s everal  charac ters are to  b e  s e l e c t ed , pro gr ess may b e  res t r i c ted be caus e 

o f  6en e t i c  an tabonis m b e tw e en c e r tain trai ts . fhou gh ther e  is no unani m i ty 

on the d e s irable �ua l i t i e s  o f  the � ew �ealand Ro mneys , �ae ( 1 9 64 ) , in 

s tr e s s in g  the need o f  d e f ining ob j e c tives in s h e ep br e eding , has o u t lined  

the  ranking of  produ c tive tra i ts based on  the r ela t i v e  e conomic impor tan c e  

o f  t h e  various chara c ters . �he  impo r tan c e  o f  ranking o f  produ c tion  tra i ts 

a c c or din6 t o  their commer c ia l  p r o f i tab i l i ty , and some o f  the di f f i c u l t i e s  

involved  in this approach have b e e n  dis cus s e d  by  R a e  ( 1 954 , 1 958 c , 1 962 ) . 

He n o t e d  t ha t  lamb produ c t ion r anke d firs t ,  follow e d  by fle e c e  w e i gh t  w i thin 

the range of s u i t able  qua l i ty n umb ers and f le e c e  grad e . On t he basis o f  

r elative e conomic value , h e  sugge s t e d  tha t  comparative ly minor s ignif i c an c e  

should b e  a t tached t o  body conformat ion o r  o ther charac ters e x c ep t  i n  s o  

far a s  they ar e correla t e d  t o  the char a c t ers o f  maj or impor tan c e . 

The pi c ture emer ging from the pr e s en t  gen e t i c  correlati ons 
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( Table 1 9 ) is t ha t , if s e l e c t i o n  was e n t i r e ly c o n c en tr a t e d  on greasy 

f le e c e w e ight , the hogge t liv e w e i gh t  and s tap l e  l e n g t h  w o u ld incre as e , 

the  medulla t i o n  in t he ho gge t f le e c e  w o u l d  d e c r e as e an d t h e  finen e s s  

( as indi c a t e d  by m o r e  number o f  cr imps p e r  in ch an d l e s s  f i b r e  thickn es s )  

w o u l d  d e c re as e . 

rhe gen e t i c  c or r e l a t i o n  b e tw e en gr easy fle e c e  w e i gh t  and 

hair i n e s s  ( - 0 . 1 8 )  in this w o rk is d i f f e r e n t  from the es t ima t e  o f  Rae 

( 1 958a ) whi ch w a s  0 . 28 a s  d e termin e d  b y  dam- dau gh t e r  r e gr e s s io n . His 

e s t imate bas e d  o n  paternal hal f - s ib c o r r e l a t ion was , how e v e r , - 0 . 28 . 

This in c on s i s t e n c y  in the magni tude and s i gn o f  this s ta t is t i c  may w e l l  

b e  d u e  to  s am p l in 6  e r r o r s  w h i c h  can b e  e xp e c t e a  to b e  lar ge i n  th e analy s e s  

i n  a h i c h  the g e n e t i c  c o r r e l� tions a r e  b a c e d  o n  four d i f f e r e n t  c o var ian c e s , 

e a c n  navin� i t s  o w n  sampling error . nno th er incon s i s t en t  e s t i m� t e , is t he 

p r e s e n t  gen e t i c  c o r r e l a t ion o f  -0 . 0 6  b e tw e en s taple l e n g t h  and hairin e s s  

i n  c ompar ison a i t h  Rae ' s ( 1 958a ) 0 . 4 1 . No  o tner e s t ima t e s  ha v e  b e en 

r e p o r t e d  in the l i t e ra t u r e  to  p r o v i d e  c o mp ar is on t o  the s e f i Gu r e s . 
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Chap t er V 

D I S C U 0 S I 0 N 

An e s tima t e  o f  he r i t ab i l i ty , in c o n j un c t i o n w i t h  the known 

s e l e c t i o n  di f f e r e n ti al , i n  u n i form environm e n t , gives the e xp e c t e d  

gain p e r  gen e r a t i o n ; bu t i t  ci o e s  n o t ind i c a t e  t ne e f f e c t  whi ch  

s e l e c t i o n  p ressure  app l i e d f o r  the impro v emen t of  o n e  tra i t  may hav e 

on  tLe  imp r ov eme n t  o r  d e c l i ne of an o th e r  tr a i t . A n umb e r  o f  inv e s ti-

ga t o r s  ha v e  s tu di e d  this as p e c t  of  an imal br e e d ing . .de c e n tl y , Y o u n g  

e t  a l .  ( 1 9 65 ) S U 6 8 e s  t e d  tna t ,  i n  the A u s  t r ci. l i.S!.n ;'. er ino , ,•. i th :ni gh 

g e n e t i c c o r r e la t i o n s  b e t � e e n t r � i t s  me�sur e u  a t  w ean ing ana a t  ho ��e t 

a g e  ( f l e e c e  � e i �h t  � n d  l i v e  w e i gh t ) , t o ge t h e r  . . i t� h i gh he r i tabi l i t i e s  

f or  b o th t r a i t s  a t  n o gge t  age , uue c o ns i d e r a t i o n  b e  g i v e n  to the r e la t i v e  

e f f i c i e n c y  o f  s e l e c t i o n  i n  t e rms o f  gen e t i c gctin a t  t h e  t w o  age s . 

Turn e r  ( 1 95 9 ) and � ea r l e  ( 1 9 63 ) hav e dis cus s e  the r e la t iv e  

gains und er indir e c t and d ir e c t s e le c ti on . I f  two chara c ters A and B 

w i th heri tabili ties  h2 
and h� have the gen e ti c  c o rr e la t io n  b e tw e e n  them , 

rAB ' t hen w e  can wri t e  -

R = 
� A . B 
A A .  A 

r B ' 

where , A . B = predi c ted gene t i c  gain in under s e l e c tion for B and 

A A . • = predi c ted gene t i c  gain in A under sele c tion for I f  A 

r epresents  a c harac ter measured at  one age and B the s ame charac ter 
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m e asur e d  a t  ano ther age , the abo v e  fo rmula can b e  u s e d  t o  e s t imate the 

e f f i c i en cy o f  s e l e c t i o n  at tao d i f fe r en t age s . 

�ae ( 1 9 64a ) has r e c en t ly s u gge s t e d  the us e f u l n e s s  o f  b o dy 

w e i gh t s  o t her t han at w e�n in g . £he ho gge t w e i ght af t e r  s h e ar i n g  w o u ld 

o e  o f  sp e c i a l  i n t er es t b e cau s e o f  i t s pheno typ i c  and gen e t i c  as so c i a t io n  

w i th f l e e c e  w e i �h t , f e r t i lity a n d  o t her produ c t ive trai ts . 

U s i n g  heri t a b i l i t y  e s t ima t e s o f  0 - 35 ( Ch ' an g and l' a e , 1 9 61 ) 

and 0 . 46 ( this  s tu dy ) for N e anin� and ho gge t w e i6hts r e s p e c t i v e ly , �nd 

as s uminb a high g e n e t i c  c o r r e l a t i o n  b e tw e en th e s e  w e i �h ts , s ay , 0 . 9 

( Young � a l .  , 1 9 6 5 )  , w e  have , 

R -Y.46 
= 

AJ • 35 
X . 9 = 1 . 02 , so t ha t  an indir � c t  s e l e c ti o n  for 

w e an in g  w e ight i s  s l ig h tly mor e e f f i c i e n t  t han dir e c t  s e l e c ti o n . rl 

gr e a t  amo un t o f  ac �uracy c an n o t  b e  guaran t e e d  i n  pr e d i c t i o n s  bas e d  on 

gene t i c  c o r r e la t io n s  unless they hav e  b e � n  d e r ived b y  u s ing a l a r ge 

amoun t o f  d a ta t o  r ed u c e  tne s amp l i n g  variations t o  the minimum . Y o u n g  

e t  a l .  ( 1 965 ) , how e ver , hav e m a ci e  s o m e  e mpir i c a l  o b s erva t i o n s  t ha t  

s e l e c t i o n  f o r  gr easy f l e e c e  w e i gh t  and b o dy w e i gh t  a t  w ean ing w as u n l ikely 

t o  b e  r ewar d i n g , a t  l e a s t  in the Aus t r a l ian M e r ino , and that s e l e c t i o n  

s hould b e  bas e d  o n  measuremen ts a t  1 5  - 1 6 mon ths o f  age , even w h e n  i t  

is desired t o  have high b o dy w e i gh t  a t  w e aning . 

s m e n t i o n e d  b e f or e , lamb pro du c t ion ranks f i r s t in r e gard to 

i ts e conomic impo r tan c e , b u t  this trai t is low ly heri tab l e  in the New 

Z ealand Romney ( Rae , 1 964 ) as it is in o ther bre eds ( R e e v e  and Ro ber ts on , 

1 953 ; Young e t  a l . , 1 9 63 ) and also s h o w s  a n e ga tive gene t i c  correla t ion 



8 1  

w i th fle e c e  we ight ( Ch ' ang , 1 95 5 ) . How ev er , C ockrem ' s ( 1 95 9 )  e xp e r iment 

w i th mice  in whi ch he  o b tained subs tan tial pr o 6r e s s  by s e l e c ting agains t 

the d ire c ti on o f  gene t i c  correla tion , presumab ly by u t i l i z ing the gene t i c  

varia tion no t c on tr o l l e d  by the co rre l a tion , s erves t o  avo id  undue 

p e s s imism among the b r e e d e r s  when they find gene t i c  an ta5onism b e tw e en 

the trai ts . 8o ckrem ' s r es u l t s  w i t n  mi ce , however , w i l l  hav e  to b e  

subs tantia t e d  by exper imen t s  with  l ar ger  animals b e fore they can b e  o f  

pra c ti cal v a l u e  i n  comm e r c ia l  animal pr o du c t ion . 

ns reported  in the dis cuss ion o f  the appropria t e  s e c ti ons , 

various gene t i c  an tagon isms b e tween tra i ts have b e en found in this s t udy . 

The a dvan tages o f  us ing a s e le c tion index , in such a s i tu a ti on , to  impr o v e  

the ov er- all proauc tion o f  N ew lealand Romney , hav e b e en uis cus s e d  b y  Rae 

( 1 954 ) . 

. . hile ina ex s e l e c tio3 takes into ac count the vari o us ge ne t i c  

and pheno ty' i c  param e t er s  and the e conomic a s pe c ts o f  animal br e e ding , i t  

ao e s  no t inc lude the asp e c t  o f  e f f i c i e n cy i n  the animals , a f a c t o r  which 

is of  considerable impor tan c e  in  a gras s land sys tem of  farming . I t  is 

possible , for ins tan c e , that the highes t producers  may not  in fac t  be the 

mos t e f fi c i en t . The con c e p t  o f  animal e f f i c iency has a consid erabl e  

e conomic impor tan c e  bu t un for tunat e ly this a t tribute i n  an animal do es  

not  lend  i ts e l f  to an  easy d e fini t ion and measur emen t . M easures  o f  

e f f i c i ency have b e en s ugge s ted b y  wlallace ( 1 95 6 )  for butterfat produc tion 

and by Ferguson ( 1 956 ) for wool produ c tion . 

Ferguson d e fined e ffic iency o f  w o o l  growth as the  p e r c e n ta ge 

o f  the food crude pro te in w hi c h  is conv e r t e d  in to woo l .  S in c e  f o o d  in t ake  

was propor t ional to b o dy w eight , i t  was  shown that in  fac t  wool  w e i gh t  p er 
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unit body w e ight was a be t ter me<::.s ure  o f  e fficiency than wool  w ei gh t  per 

head . Ferguson has dis cussed eff iciency o f  wool produc tion from two 

points of view . Firs tly , from the poin t o f  v iew of  s e le c tion  o f  more 

e fficient  sheep and , s e condly , from the po int of  view o f  the grazing 

managemen t o f  improved  pas ture . 

S chinckel  ( 1 95 6 )  sugges ted  us ing wool  per unit  of  surface  area , 

e s tima t ed  by ( body w ei6ht ) • 6 , as an alterna tive  to wool  per pound of 

b ooy weight . 

Turner ( 1 958 ) gave formulae for the heri tabili ty o f  a compound 

charac ter ( X  = E x . ) and the correlation between  X and x .  in terms of  the � � 
variances and covariances  of  the components . The me thod o f  e s tima t ing 

corresponding heri tabili ty and correla tions when X is cons ider ed  as the 

ra tio of t�o chara c ters was als o developed ( turner , 1 959 ) . .:3he  examined 

the cons e quences of the use  of  the ratio o f  wool wei�ht  ( � )  and body wei�h t 

( B )  as measure of  e f fic iencJ o f  ; ool  produ c t ion . I t  was shown tha t the 

gene ti c  correlation b e tw een ,; and . 1/B was cons is tently positive  for a w ide  

range o f  values of  the parame ters  of  . 1  and B , so  that  selec tion for high 

w o o l  weight would also  increase efficiency as measured by the ratio .i/B . 
Consis t ently negative and some times very s trongly ne ga tive  gene t i c  corre-

l a tions were found b e tw e en B and li/B which shows that s el e c tion for high 

values o f  W/B would d e crease b o dy w e igh t . The follow ing resu l ts ob tain e d  

from the p r e s e n t  data exhi b i t  a similar p a t t ern of relationship o f  the  

ratio W/B w i th W and B .  The pro c e dure follow e d  is ou tlined b e low : -

Suppo s e  

and 

x = log W 
1 

= l o g  B ,  s o  tha t the ratio ( s ay , X )  
w 

= l o g B 



::ind 

or X = log  W - lo g B = x1 - x2 •  

Tur n e r  ( 1 959 ) has s hown t h a t  i f , 

p 1 1 = Pheno typic Varia n c e  o f  x1 , 

p22 = Pheno typ i c  Varianc e  o f  x2 '  

p 1 2  = Pheno typic  Co var ian c e  o f  x1 and 

= Gene t i c  Covar ian c e  o f  x1 and x2 , 

= Heri tab ility o f  x1 , 

= Heri tab i li t y  o f  x2 , 

x2 ' 

= G en e t i c  Corr e l a t ion b e tween  x1 and x2 , 

= Pheno ty p i c  Corr e lation b e t N e e n  x1 and x2 , 

the he r i tab i l i ty o f  the ra t i o  X , 

[t � ( 1 + k� k 2 - 2 r G kh k ) ] 
1 + k

2 
- 2 r

p 
k 

the gen e t i c  corr e la tion b e tw e en the ratio x and gr easy f l e e c e  

w e i gh t  x1 , 

1 - rG kh k 
= �1 + k� k2 - 2 rG kh k 

the gene t i c  c orre la tion b e tw e en the ratio  X and ho gge t live weight x2 , 

= 

r -G 



and the phen o typ i c  correlation b e tw e e n  t he ratio X and gr easy f l e e c e  

w eight  x1 , 

k2 h2 
= 2 

h 
h2 

1 

·rhe v a lues  

p 1 1  
= 1 . 37 , 

p 1 2  
= 7 . 2 9 , 

h2 
= 0 . 43 , 1 

rG 
= 0 . 54 , 

k2 
= 1 . 07 ,  h 

and 

1 + k2 - 2 r k p 

C o e f f i c i e n t  k2 
= 

C o e f f i c i e n t  
o f  
o f  

o f  t he pr e s e n t  param e ters 

p
22 

= 1 05 . 59 

G 1 2  
= 1 . 40 

h2 
2 

= 0 . 4 6  

rp 
= 0 . 61  

and k2 
= 0 . 82 

whe re , 

var ia tion o f  B 
variat ion o f  •V • 

are as follow s : -

The subs t i t u tion o f  the s e  values in appropria te f o rmulae 

gave the following re sul ts : -

= o.  52 . 

rG ( X . x1 ) = 0 . 53 

rG ( X . x2 ) = -0 . 43 

and rP ( X . x 1 ) 0 . 53 · = 

These  r esults , as mentioned earlier , are quite consis tent 

with the findings of Turner ( 1 95 9 ) . 
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Thou gh i t  is d e ci d e dly more impor tan t  to bas e  s e l e c tion o f  

l iv e s t o ck on s impl e  addi t ive  theory , the o ther f a c t o r s  such  as dominan c e , 

epis tas is , and ma ternal e f fe c ts e t c . would even tually have to b e  in c lu d e d  

in t h e  gen e t i c  s tudies o f  lives to ck t o  give a f u l l e r  gene t i c  des cript ion 

of  the an imals . 

Per forman c e  re co rding for u s e  on s tu d  and c omme r c ial farms has 

a gr e a t  n e e d  of devel opmen t  in N ew Z ealand . Rae ( 1 9 64 ) has  analy s e d  

the problems o f  recor ding , e s p e c ially as app l i e d  to ram breeding flo c ks . 

A subs tan t ial amoun t o f  work has b e en devo t ed to the pro b l ems 

of raising pro du c tion when r e sp ons e to s e le c t i o n  c eas es . One appr o a ch 

assumes that s e l e c tion opera t es - on add i tively gen e t i c  varian ce  and 

r espons e ends when no mor e var i a t ion o f  this kind is r e adily availab l e . 

How e ver , i t  may o e  pos s i b l e  to expose s ome  c o n c e a l e d  variation by various 

forms o f  pny s i c�l dis turban c e s  or by in troducing an d later r emo ving s i n gl e  

gen e s  w i th ma j or e f f e c ts ( Turner , 1 9o6 ) . �no ther approach is to in c r e a s e  

gen e ti c  variab i li ty b y  induc ing gen e chan ges by  radia t ion . A tremendous 

amoun t o f  r e s e a r ch is als o aire c ted to finding the exact  nature o f  gene 

tran sm is s ion . The s e  t e c hn i qu e s  are s till  in their e xper imen tal s tages 

bu t it is  obvious that oppor t un i ti e s  arising from s u c h  te chn i qu e s  are 

inde e d  gr eat . 



C H A P T E R V I 

S U M M A R Y 



Chapt er VI 

A s tudy was made to de t ermine the gen e t i c  and pheno typ i c  

parame t ers of  g r e asy f le e c e  w e igh t , ho gge t live w ei gh t , hairin e s s , 

mean fibre diam e t e r , s taple length and cr imps per inch in the New 

Z ealana .Romney J·1ars h s h e e p . fhe l eas t s quar e s  me thod d e s c r i b e d  by 

8 6  

Yate s ( 1 934 ) , rlaz e l  ( 1 946 ) a n d  Kemp thorne ( 1 952 ) w a s  us ed in e s timat

ing the e f f e c ts o f  y e ar o f  bir th , age o f  dam , type o f  b ir th and 

r e gr e s s io n on d a te of bir th ( fable 7 ) . M o s t o f  these  e f f e c ts had 

a s i gn i f i cant i n f lu e n c e  o n  all c hara c t e r s  s tudied ( fable 8 ) . fhe 

only nons ign i f i can t  e f f e c ts w e r e  thos e of a 5e of dam on s ta p l e  len�th 

and crimps per  inch and the e f f e c t  o f  r e gr e s s i o n  on cr imps p er inch . 

The corr e c t ion fac tors for adj us t ing dam ' s C rabl e  1 1 ) w ere 

bas ed  on the linear r e gr e s s ion model w i th no  component for  y e ar e f f e c ts , 

b e caus e the d es i gn o f  experime n t  was such  that no adj ustment for y ear 

e ff e c ts was n e c e s s ary in dam ' s r e cords . The daughter ' s r e cords did 

n o t  r e quire any adj us tment for the y e ar and age of dam ef fe c ts , s o  that 

the corre c t ion fac tors  for daugh ter ' s r e c o r ds ( Tabl e  1 3 )  had t o  be 

derived from the e s t imates bas ed on a d i fferen t  linear r e gr e s s io n  mode l  

with no  componen ts f o r  year and age o f  dam e f f e c ts . 

Her i tability e s t ima tes o f  a l l  the trai ts under s tudy ( Tabl e  20 ) 

and the pheno typ i c  and gen e t i c  c orrelations be tween them ( Tabl e s  1 7  and 1 9 ) 



87 

w er e  comput ed . The me t hod  o f  analys is for o b taining each  o f  the s e 

param e t er s  has b e en g ive n  and the resu l ts d is cus s e d . 

In  genera l , the r e s u l t s  o f  this work confirm the conc lus ions 

of  the review papers tha t the l e v e l  o f  heri t ab i lity is h i gh for charac t er s  

a s s o c i ated  w i th w ool  pro du c tion . The he r i tab i l i ty e s t ima te  o f  h o gge t 

l i v e  w ei gh t  ( 0 . 46 )  f or  the New Z e aland Romney , ob tained in the pr e s e n t  

s tudy , is  in g o o d  a gr ee m e n t  N i th the es tima te s  published  f o r  di f f e r e n t  

b r e ed s . 

The cons is t e n t  e s tima t e s  o f  heri tabi lity o f  traits unQer s tu dy , 

for  wi dely d i f f e r e n t  b r e e ds of s he ep  rai s e d  under d i s s im i lar environmen tal 

c o nd i tio ns , in d i c a t e  that these ar e s trongly inh�r i t e d  tra i t s  whi ch w i l l  

s how a rapid re spons e t o  s e l e c tion f or in div idual trai t s . 3u t , even w i t h  

s e l e c tion f or o n e  c har a c t er , how ever , and s t i l l  more w i t h  s e l e c t ion for 

more than one , the gene t i c  correlat ions b e t w e e n  the charac t ers would hav e 

to  b e  taken into cons i d e ra t i on . 

A gen e t i c  an ta gonism has b e e n  founu b e tw e en c rimps per i n c h  and 

a l l  o ther traits  und e r  inv e s tiga tion . N e ga t i v e  gene t i c  corre la t i ons  hav e 

also been found b e tw e en hogge t  live w e ight and hair in ess , greasy f le e c e  

w e i gh t  and hair iness and s taple length and hairiness . 

The gen e ti c  corr e lations ob tained in this s tudy ( Table 1 9 ) show 

t ha t  the gene t i c  improvement of one produc tive  tra i t  by s e l e c tion is liable 

t o  al ter s everal o thers , some favourably , o thers unfavourably , e . g . the 

e f f e c t o f  s e l e c ting for higher greasy fle e c e  w e i ght w ould produ c e  unfavourab l e  

s id e  e ffe c ts i n  t erms o f  increase d  f i b r e  thi ckness a n d  smaller number o f  

c r imps per inc h .  S e l e c t ion for increased hogge t l i v e  w e i ght would also 

have similar bu t less  dras t i c  e f fe c ts on mean fibre diamet er and c rimps per 

in ch. 



The p r e s en t da ta a r e  no t a d e qu a t e  f o r  d e r i v i n g  a c cura t e  

e s t im a t e s  o f  t h e  ge n e t i c  par am e t e r s , b u t  this w o rk s e r v e s  t o  po i n t  

8 8  

o u t  c e r ta i n  o b s t a c l e s  t o  p r o g r e s s  from s e le c t i o n  i n  the N e w  Z e a la n d  

Romn e y  M a r s h  s h e e p  a n d  to i nd i c a t e  t h e  ne e d  fo r fur ther i n v e s t i ga ti o n s . 
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