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A B S T R A C T  

A total of  8 ,  6 84 fi r s t - lactation records produced in thto .'\, ( .. :tr>it 

r e gion in the dai rying s ea s on s  1 96 6 - 6 7  to 1 9 72 - 7 3 , inc lusivf- w, :r.c 

a s s embled.  Ba s e d  on weighted and unweighted intra - s J:: � 

r e g re s s ions of progeny pe rfo rman c e  (deviati on from withir- -, 

and within -year  c ontempora ry average)  on time , a s e rie s ,-.. 

e s timates of the g enetic tr end in p roducti on for the periuc '..!J<:: • 

obtained.  V a riable es timates , allied with large s tanda !'c . , 

precluded reliable conclus ion s  on the nature of the gc�e· · 

By a pplying a mixed m odel s olution method of si::-e-e' :, · 

but only to a restricted s ub - s ample of the data ( 2, 155 rec.:· 

b r e edin g value s of 47 s i r e s  we re e s timated unbia s ed by :"­
The numbe r s  of records involved w e r e  too few to allow " 

c om pa ri s on of the s e  e s timate s with e s timates l)f th' l 
of the s am e  s i res  obta ined by the Farm ProC:t,dion D: · 

N .  z.  Dai ry Board us ing its m ethod of s i re ev&iuation 

Ba s ed on variance com pon ent e s timates obtaint�d . 

of Hende r s on ' s  M ethod I,  he ritability of milk yield an:1 .1 

wa s e s timated to be 0. 43 and 0. 36 r e s pe ctively. Th·. · ·  

a g r e e  well with e s timates repo rted els ewhe re .  

A dditiona l estimates of the geneti c  tr end w'�re ob· "-l 

r e gre s s ing the s oluti ons for the fixed effe ct� ( s .:. r e - g r , H . .::·· 
of the s i r e  evaluation model on tim e .  
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C HA PTE R 1 

I N T RO D U C T I O N 

The comm e rcial developm ent of a rtificial ins emina t: ., 

in the New Z ea land dai ry indus t ry r e s ulte d from t he reali�:-- at , 

thr oug h the us e of s i re s  of s uperior  genetic meri t ,  it prO\' 

m ean s fo r inc r ea s ing the rate of genetic gain in cattle po"J..lL-

In r e c ent yea r s, the indust ry ha s witne s s e d a dramatic inc r c··: , · 

the num b e r s  of ins eminations p e r  proven s i r e .  H oweve r J • .  �, 

geneti c gain s r e s ulting from the wides pread us e of s .;.res �hr j, 

A .  I .  a r e  to be  maximi zed ,  it i s  im pe rative that thl · .  ( 

ac curately eva luated.  It i s  i r onical , that the m a_i r ,_ 

an A .  I.  programm e, that i s , elevation of the gene·, .c 

population , ha s been demon s t rated els ewhe r e  to be ar. 1r,:r ; 

s our c e  of bia s  in the evaluation of dai ry s i r e s . 

The methods of s i r e  evaluation that a r e  s us c eptjb�e 

due to geneti c t rend a re thos e whi c h  rely on com parj .m 

a v e ra g e  pro duction of the daught e r s  of individual s i res .r. ,·· . . 

average production of repres entative s  of the popuL::.r: , 

he r dmates  in a s e ries  of he rds . 

I f  the gene ti c m e rit of the ov e rall  population is irn-�· 
s in c e  the genotype of a s i r e  i s  c ons tant , the prc -ductic. · 
s u c c e s s ive  g roups of daught e r s  of the s i r e  {of ·�·1e :oa · "' 

the i r  he r dmate s ,  will decline with tim e .  A c, ·:. !. de' -�-· 

t hi s  effect was given by the s tudy of Ca rte r ( 19"69), : r. 
inve s ti ga ti on , 1 9  young bulls w e r e  used through A. I. a:. c. 

1 .  



2. 

a s ide for a period of five  yea rs  befo re being returned to A. I. s e rvi c e .  

T he average production s upe rio rity of their  daughte r s  sired"'� rne 

end of the five -yea r  period wa s 2 6 0  lb . of m ilk le s s  than the 

production s uperiority of thei r half s i s t e r s  s ired five yea r s  edrlie r .  

T he que s tion rai s e d by this effect i s :  "F or c ompa rative purposes , 

at which point wa s the valid e s timate of the geneti c m e rit of the s e  

bul l s  obtained?" Obvious ly , the app ropriate e s timate i s  that whi c h  

i s  m os t  recent , but the point requi ring cons ide ration , i s  whether 

any a c c ount i s  ta ken of the ea rli e r  apprai s a l s  of the s e  s i re s . 

If the e s timates of the g eneti c m e rit of all  s i r e s  a r e  ba s e d  on 

the productive perfo rmance  of a res tricted g roup of daught e r s  

(fo r in s tance , the fi r s t - lactation reco rds made in the m o st recent 
dai rying s ea s on by 2 -yea r - old heife r s ) ,  gen eti c  tr end cannut b,as 
s i r e  comparis on s . Howeve r ,  in orde r that precis ion of e s tir.1 ation 

be maximi zed ,  s i r e  evaluation proc edures  n o rmally utili ze the 
lactation records  of a s  many daughte r s  a s  pos s ibl e an d ther e{:Jr<" 

the e s timate of a s i r e ' s  genetic me rit may be bas e d  on lactation 

r e c ords produc ed in a number  of dai rying s ea s ons.  Un der  these 

c onditions , if a s i re whos e genetic me rit i s  ba s ed on the per ::_ianc e 

of daughte rs in a num be r  of s ea s ons i s  c om pa r ed to a s ire he:..'l 

sampled fo r the fi rst  tim e , bia s due to geneti c trend will .-:,-
s in c e  the olde r s i r e  ha s the a dvantage of having ha d s or.;, 

daughte rs  com pa r e d  to the population avera g e  when it was at c. 

lev e l .  In othe r wo rds , genetic trend in the population nas thE-
of favouring lon g - s tanding s i r e s  when thei r e s timated genetic �. , rd 
i s  b eing compa red to that of a s i r e  rec ently ente ring s e rvice. 

The obj ective of the pres ent s tudy wa s to dete rmine whet.r -·. 

genetic trend i s  an im po rtant s our c e  of bia s in the m ethod of d·:L ; 
s i r e  evaluation currently ope rated by the N .  Z .  Dairy Boa.rd. :.. . 

thi s r e s pect, the s tudy involved two broad a s pects . Thes� '"l-- re: 

( i )  E s timating the g enetic trend currently oc curring in t.l' • _ . . •. 

cattle population in N ew Z ealand.  



3 .  

(ii ) E s timating the g enetic m e rit of a s e ries of s ir es usir.g a 

m ethod of evaluation known to be capable of rankir. :, sires 

unbia s e d by genetic trend and, to a s s e s s  whether the s ire  

ranking s  obtained a g r e e d  with the rankin g s  produc e d  by t he 

N. Z. Dai ry Boa r d ' s metho d  of evaluation . 



C HA PTE R 2 

R E V I E W O F  L I T E R A T U R E  

I. THE IM PO R TANCE O F  A C C URA TE SIRE EVA L UA TION 

T he ne ed fo r a c curate evaluation of the genetic m e r:..- of sir e s  

us ed for A . I .  in New Z ea land ha s inc rea s ed in recent yearfi, 

Advan c e s  in the t e c hnology of s em en dilution (Shannon , 1 9(,8) have 

all owed a bull to be  mated to many thous ands of cows . Fo r exampl e ,  

in the A .  I .  s c hem e ope rated by t he N .  Z .  Dairy Boa rd, thr Y"Y aximum 

numbe r of in s eminations fo r a bul l  in a s ingle mating s eabm, !:.Ot s 

.. '· ;L ri s en from 1 0 , 404 in 1 9 6 3  (N.  Z .  Dai ry Boa r d,  1 9 72 )  tc ·> 

1 9 73 (Macmillan , �· comm . ) .  C liffo rd ( 1 972 )  ha s <':-, -,·, 

a bull with a rating( a ) of + 5 0  lb .  milkfa t ,  having s i red 50, i,; . u. u.�nt•..! rS , 

woul d  b e  res pons ible fo r 1 2 , 5 0 0 , 0 0 0  lb .  m o r e  milkfat rnar:. 

rating wa s z e r o .  B a s e d  upon the gauranteed milkfat p.· _ ,  . .  

50 c ents per lb .  for the 1 9 73 s ea s on ,  the extra production v. 

am ount to $6 , 2 5 0 , 0 0 0 .  The genetic implications for f\�EVv Z( �-­

of wides prea d usa ge of proven s i r e s  ha s been dis cus s ec by 

Stichbury ( 1 96 8) . 

La rge - s cale  us a ge of proven bul l s  fo r A . I . reflec-tb . h<' iL·. ·�'·'·-�.- � 

of a s i r e ' s  genetic c ontribution t o  a s ubs equent gen erati, :., . ·• . '-. 

whic h  ha s long b e en rec ogni zed.  Ward ( 1 9 3 7 )  s tated: ; '� . ··ld1. � 

a s  is  now gen e rally a dmitted; the he rd s i re is  the g r eat--si 

influenc e  in rais in g  or lowe ring the production level of the '"'' . .  ' 

( a )  
A hull ' s  rating i s  the expected average producti on deviatior. of 
his futu r e  daug hters  from the population ave ra g e .  

4 .  



Rob e rts on and Rendel  ( 1 95 0 )  q uantitatively appo rtioned the genetic 
im provement that may r e s ult , und e r  optimal conditions, io r " 

b r e e ding unit  of 2 ,  0 0 0  c ows , an exe rcis e which ha s been r.:: �1c .. ted by 

Legates  ( 1 9 7 1 )  fo r a b r e e ding unit  of 6 0 , 0 0 0  c ows . Table 2. l 
s umm a rizes  the r e s ults of the s e  s tudie s  and demons trates  that the 

genetic cont ribution of the s i r e ,  relative to t hat of the darr. , is m o r e  

im portant. 

T he results obtained by Legates a re of s pe cial  inte r e s t  in that 

the b reeding unit c onc e rne d ,  in t e rms of c ow numbe rs  ( 6 0 ,  0 0 0 ) , i s  

m o r e  typical of a n  a rtificial ly - b r ed population than i s  that of 

Robe rts on and R endel ( 2 ,  0 0 0 ) .  

Studie s  conducted by the N .  Z .  Dai ry Boa r d  ( 1 943 , 1 96 1 ) ,  

Wa cmillan ( 1 9 7 3 ). M a cmillan and Wat s on ( 1 97 3 )  dem ons trated an 

im po rtant anta gonism between he rd wa s tage rate and the numbe r of 

re pla c ement heife rs  available fo r s election unde r average Nev. Zealand 

dai ryfa rming c onditi ons . The annua l  wa stage  rate in New Zealan d  is  

2 1  pe r c ent (N.  Z .  Dairy Boa rd ,  1 9 72 )  which make s  it  diffi cu_� 10 r a 

fa rm e r to exe rt any s ele c tion pre s s ure in the c hoi c e  of dams �'� p roduc e 

daughte r s . C ons equently ,  the c ontributi on of thi s  pathway t, 

improvem ent is  small . Studie s  by Ja c ks on ( 1 9 7 3 )  demonstr� , E.d tha t  the 

ove rall  c ontribution of the dam to improvement may be sL·:·. !!•lcene d  

through t he dam t o  s on pa thway , if a sys tem of contrc..ct  matm � . s 

linked with an A .  I .  programm e .  

The ideas pres ented in  thi s  s e ction s upport the viev..po1nt t r .. a ·c 

p r oduction gains , res ulting fr om s election , will be maximized by 

extens ive us e of s i r e s  whi c h  have been a c c urately a s s e s s ed to be of 

s uperi o r  g enetic me rit .  



Table 2 .  1 Relative contribution of the four genetic pat hways 

to genetic  gain. 

Genetic pathway 

Sir e  to s on 

Si re to daught e r  

Dam to s on 

Dam to da ug hte r 

E s timated contribution to 
improv ement (o/o) 

R obe rts on and Rendel (19 5 0} Legaies 

4 3  46 

1 8  t,j 

3 3  23 
6 8 

6 .  

p 9 7 1} 
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II .  SI RE E VA L UA TION I N  NEW ZEALAND U P  TO 1 96 9  

The evolution of t he N .  Z .  Dai ry B oa rd ' s  method of s i r e  evalua tion 

up to 1 96 2  ha s b e en r eviewed by Edey ( 1 96 6 ) .  Whil s t  providing 

valuable hi s torical  informati on , E dey's r eview lac ks ma themati c a l  

detail , pa rticula rly ins ofa r a s  the method i n  us e b y  1 96 2  i s  c once rned. 

At t hat tim e the g enetic me rit of a s i r e  wa s e s timated us ing the 

" diffe rence from expe ctancy" m ethod of evaluation . A detail e d  

de s c ripti on of this m ethod wa s provided by Sea rle ( 1 964a)  when 

c ompa ring the New Z ealand m e thod of s i r e  evaluation with tho s e  of 

G r ea t  Britain and New York State . A c c o r ding to Sea rle , the genetic 

me rit of an A .  I .  s i re wa s e s timated using the following procedure: 

E s tima ted s i r e  m e rit = 2 rating + breed  average 

whe r e :  Rating = F [ x 

= F [ x  
( B  + 0 .  9 (S - B) ) J 
o. 9S - o. 1 B] 

and whe re: B = The b r e e d  avera ge of all cows in t he 

pa rticula r H e rd Im provem ent A s s ociati on .  

S = T he ove rall  mean of the herrlrr,ate  

averag e s  t o  which the daur.hters of  the 

s i re were  compared.  

X = The ave ra ge pr oduction :>;_ ,r, ,.:.a.�gh.te r s 

of the s i r e  being evalua te.::!. 

o. 9 = The r e g re s si on oi da ughter , ,_,,� · a.;;e on 

true he rd average (effect:..ve.:.:r �'lt ra - si r€ 

r e g re s s ion of da ught e r  aver<tg· ·tl 
he rdmate average ) . 

F = The r e g r e s s i on of the s i r e ' s  • :,:-�:.;:-e daught c 

produc tion on his e s timateC. .. rue ·'al�ght.<"'.-
ave rag e .  

The r e  a re a numb e r  o f  fea t ures  o f  thi s  method of evalu.; :�.-m - .... �� ... 

wa r rant di s cus s i  on: 
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A .  Age-C o r r e cti on Fa cto r s  

A ll ave ra g e s  (breed,  he r dmate a n d  daughter)  we r e  calcmatea on 

a "matur e equivalent" bas i s  t o  r emove the effect of a g e  at  cc. lving on 

production .  Animals a g e d  5 t o  9 yea rs  inclus ive , w e r e  condid e r e d  to 

be matu r e .  Tho s e  aged 2 ,  3 a n d  4 years  ha d thei r pr oduction r e c o rds  

age  c o r r e cted to  a mature c ow l evel us in g  s implifi e d  he rd- level a g e­

c o r r ection fa ctors  obtained from the m ethod of Sea r l e  ( 1 96 0 ). C ow s  

a ge d  1 0  yea rs o r  olde r ,  ha d thei r r e c o rds a ge c o r r e ct e d  a l s o ,  but 

s uc h  rec ords w e re only allowed to c ont ribute to he rdmate and not to 

da ughte r ave ra ge s . 

C or r ection s for age at  ca lving we re de s i gned to e s timate the likely 

pro duction of the young or  v e ry old c ows had they be en mature ( i . e ., 5 to  

9 yea r s  old) and made a production r e c o rd unde r identi cal envi ronm ental 

c on dition s (Sea rle and Hende r s on ,  1 9 5 9) .  That is, c o r rections for age  

we re not meant to be  predictions of  the future production of young c ows 

when they ultimately r ea ched maturity or the pa s t  production oi old 

c ow s . The us e of age c o r r e ctions allowed the da ught e r s  of an individual 

s i r e  to be c om pa red on a within - he r d  ba s i s , to an ave rage which 
inc luded all he r dmate s milke d in the s am e  yea r .  Thi s  c0n.;::;c..ri s on 

with all he r dmates  was expected to inc rea s e  the a c cura cy of the 

evaluation of a s i r e .  

Des pite offe ring an opportunity f o r  in c r ea sing the ace :.__ �:., ;�r si re 

evaluation , the us e of age c o r r e ctions came into dis:·avour ··:1. ·J.� .-n 
int roducing e r rors  into progeny te s ting ( N .  Z .  Dai ry Boa rd, ;. � 7C;. 
C o r r e cting for age led to a s i re - by - he rd inte ra cti on of a magn!c;..crk 
s ufficient to bia s  s ire  evaluation ( R a e ,  1 9 7 1 ) .  The rea s o:1 why age 

c o r r e ctions we re the caus e of s i r e - by - he r d  intera cti on rtq ires  

amplification as  s et out below .  

K ay and M 1Candlis h  ( 1 92 9) not e d  that  in estimating ::;,ruc .... -::t::.· c 

c hanges a s s ociated with age , the a ge of an animal wa s u� c r •· ,.,_·-. 

index of production at  maturity. Sea rle and Henders on (19- ., 
s ug g e s ted that  c o r re ctions fo r a ge may be more accurate if ?- ·, .. · 

levels  of indivi dua l he rds were  taken into a c c ount in th· 3.ge-c.,:::-;'--c�L.; 
procedure b ecaus e of he r d  diffe ren c e s  in rea ring and fe ding,?�-·hcuh .dy 

a s  the s e  affect the pe rforman c e  of young animals .  They o: t<'dn.:' ... -



s upport for thei r s ug ge s ti on through s i gnific ant r e g r e s siuns o:.: ··:he a g e  

c o r r ec tions o n  the a g e - c o r rected he r d  ave rages fo r a l l  age groups 

being c o rr e cted;  the data were  obtaine d  from he r ds in the State of 

New Y o r k .  

O the r s tudi e s  have dem ons trated a r elations hip between t he 

pro duction l evel  of the he rd and t he a ctua l  amount by whi c h  the 

production of young animals c hanges with a g e .  W a r d  and Campbell 

( 1 9 3 8) found 2 - yea r - old c ows in l ow producing New Z ealand he rds to 

inc r ea s e  in production by a g reate r amount than their c ounte r pa rts  in 

high producing he rds . C onv e r s ely , C a s tl e  ( 1 9 5 5 ) , a s  cited by S ea rle 

and Hende r s on ( 1 9 59 ) , found the intra - he r d  productive diffe rence betw e en 

young and mature cows in New Z ea land to be  greate r in high producing 

he rds than in low producing he rds . In the United State s , Hic kman and 

Hende r s on ( 1 9 5 5 )  obtained a negative c or re lation b etwe en the level  of 

fir s t-la ctation production and the s ub s equent increa s e  in pruduction 

when a c ow ent e r e d  he r s ec ond lactation , a finding whi c h  supports that 

of Wa r d  and C am pbell ( 1 93 8) .  

Inte r - he r d  diffe ren c e s  in the am ount by which production <' ae rs 

with a g e  form the ba s i s  of an age - by - he r d  inte raction compvnent in 

age-c o r r ected r e c ords if the c o r r e ction proc edure di s r egards tr.P se 

diffe r enc e s . Herd- level  age-c o r r ecti on fa ctors , developeL. G' :� • a r! e 
and H ende r s on ( 1 9 59 ) , appea r e d  by des ign to  take ac c ount of . - >  f 

va riation and thus any interac tion that might exi s t  between b-' -,..::.. 
envi r onm ent and the effe ct of age  a t  calving on productirJn. -:. ov·eve r ,  

S e a r l e  ( 1 962a )  demons trated tha t  in te rm s  of minimizing an age-.- by- her d 

inte ra ction com ponent in c o r rected reco rds , the s irr· pli�-: ,. ·.1erd-levei 

fa ctors  in us e in N ew Z ea land (S ea rle , 1 9 6 0 )  were only s supe ri o r  

t o  anothe r c or r e ction procedure not des igned to take a c cv _ _  ·.he 
requi r em ents of individual he rds . 

If an a ge - c o r re cting proc edure i s  a c c ompanied  by an age-:-'· ., · ·''� C. 

interacti on c omponent in the c o r r e cted r e c o rds , and if 1.b:o rj ,-..g::u= r-n 'Jl 

the s i re s  b eing evaluated a r e  unevenly dis t ributed am ong<H :> e:i c::3 m 

he rds , then s ire - by - herd intera ctions a r e  likely to be  intro�:.:1-.:..ed 01 _ 

if a l r ea dy p re s ent , magnified .  A c cordingly , R. I-i. Mille ·:-, M c �:.r:'i.d 
and Dic kin s on (I 9 70 )  s ugge s t e d  a ge -c o r re cti on fa ctors b e  ca�c�,ht �d on 

a within - he rd ba s is .  Whilst  thi s  may ove r c ome the proble:rn of an 
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a ge - by - he r d  inte raction c omponent in the c o r rected re.:ords,  irom a 

practi cal s tandpoint the s ugge s ti on may be unrealis ti c  due to the 

am ount of c omputation involved.  

The problem of an inte ra cti on between envi ronm ent and the amount 

by which production c hang e s  with age can be extrapolated to the 

r e gi onal level . Studi e s  by the N .  Z .  Dai ry Board ( 1 96 1 )  and the 

N. Z .  Je rs ey Cattle B r e e de r s '  A s s ociation (N. Z .  Dai ry Board ,  1 96 1 )  

demon s t rated that inc r ea s e s in production of young animals  with a g e  

we re not uniform in all dis tricts of New Z ea land. T he di s trict s , e a c h  

repres ented by a Herd Improvem ent A s s ociation , diff e r  in featur e s  

s uc h  a s  climate ,  s oil type and mana gement polici e s  and the refor e ,  

c on s ide ring the di s cus s ion s o  fa r ,  re gional va riation in the productive 

c hange due to  age is  to be  expected.  A c c o rdingly , a g e - c o r r e cti on 

e stimates w e r e  c omputed s epa rately for each He r d  Impr ovem ent 

A s s ociation (N. Z .  Dai ry B oa r d ,  1 96 1 ) .  In the United States , 

R .  H .  Mill e r  ( 1 964) dete cted r e gi onal va riation in a ge - c o rrect ion 

e s timate s . Similar finding s  we re obtained by M c Daniel anrl Co rley 

( 1 9 6 6 )  who , along with P.  D. Mille r ,  L entz and Hende rs on ( 1970) 
c on cluded tha t  bia s e s  in s i r e  evaluation would r e s ult if regi onal 

va riation in a g e - cor re ction requi r ements wa s not ta ken into a c c ount. 

The us e of a g e - c o rrecti on fa ctors  s pe cifi c  for  a H e r d  Improvement 
A s s ociati on implied that the r equi r ed age cor rec ti ons  fo1· . a.ch n·:�rd 
within an A s s ociation were the s am e ,  but the validity oi tr..a.t :..rnplication 

ha s been que s tioned above . 

A c curate age c o r r e cting of la ctation re c o rds is  c onir . .:mter't c'tner 

diffic ultie s .  For example , the unbia s ed es timati on of age-\cn·c.' .�on 

fa cto r s  i s  c om plicated by the practi c e  of culling on the ba s is of _-,rev-�ous 
productive performance  ( Lus h and Shrode , 1 9 50) . Henders on ( 1949) 

int roduc ed a m ethod , r efe r r e d  to a s  "maximum likelihood", fo r 

e s timating fixed effects ( s uch a s  a ge effects ) in situation& wnel· 

s el e ction ha s been pra cti c e d  and , more e s pe cially , where proi!.uc �".c' 

pe rformanc e  i s  incompletely r epeatable . Where la r ge an>.o.:.ras -,-

data a re involv ed ,  Hende r s on ' s  m ethod i s  diffic ult to apply frc.·-, ., 
c omputati ona l  s tandpoint.  De s pite this d rawba c k ,  R .  H. Mill r, Ea rvey, 
Table r ,  M c Daniel and C o rley ( 1 96 6 ) ,  P.  D. Mille r and Henderson (ICJ(,R), 
P. D. Mille r et  a l .  ( 1 9 70) and Wickham ( 1 972 )  have s uc ces sfully applied 



Hende r s on ' s  method for e s timating age  effects us ing a va riety of linea r 

models .  W hethe r m aximum likelihood e s timates  of age effects , whi c h  

a r e  really b e s t  linea r unbia s e d  e s timates  (Hende r s on ,  1 9 7 3 ) , a re free  

from the problem of  age - by - he r d  inte ra ctions , ha s yet  to  be dete rmin e d .  

I n  the ca s e  of  R .  H.  Miller  e t  a l .  ( 1 966) , for example , a ge - by - he rd 

int e ra ctions we re s imply a s s um e d  to be n on - exi s tent . 

The us e of a g e  c o r rection s can be a voided by a within a ge 

( or c ontempora ry)  c ompa ris on of the average production of a s i r e's 

daughte r s  with their  he rdmate ave ra g e .  The c ontempo ra ry c ompa ris on 

is  usually c onfine d to fir s t - la c tation r e c ords to avoid bia s e s  res ulting 

from practi c e s  s uc h  a s  diffe r ential c ulling of the daughte rs  of diffe r ent 

s i r e s . Rec ently, Me Daniel , Norman and Dickins on ( 1 9 7 3 )  s tudi e d  the 

m e rits of the contem po ra ry c om pa ris on a s  oppos e d  to c ompa ri s ons 

involving all he rdmates for s i r e  evaluation. They c oncluded tha t  the 

main dis a dvantages  of the us e of the c ontempora ry compa ri s on, 

e s pecially whe re the average he r d  s ize i s  small ,w e r e :  

( i )  A los s of us eful info rmation in s om e  he rds  ·iue ro ='- !ack of 

pate rnally un related c ontempora ri e s  to wni< c. the daught e r s  

c a n  b e  c om pa red,  or  

(ii)  l e s s  precis ion in s ire  evaluation s ince the L ·)r �"---� v .. d.r:y 
c ompa ris on involves  fewe r animals than if a.ll h.:.. l < d 

a r e included in the compa ris on.  

In  most  New Z ea land he rds , the number of da ughte rs d:. 

c ontempora rie s i s  s ufficient to allow the us e of the c onte1r.·�.:;-::-,- :y 

c ompa ri s on in sire  evaluation ( N .  Z .  Dai ry Boa rd ,  1 9 70). T:1� . ve:.·age 

size  of N ew Z e aland he rds i s  la r ge r  than that of m o s t  countnvR ·�::,n _.,_, 

a r e s ult , the a bove -m entioned dis a dvanta g e s  of the c ontemporarv 

c ompa ris on a r e  unlikely to be a s  impo rtant . 

The us e of age c orrections to c onduct s i re eva l"Gatio· s iT! �ew 

Z ealand i s  genera lly unneces s a ry and the r efore , the biaees ::-.9 ::-ccia :: 
with the i r  us e can be  avoided. The p ra c ti c e  wa s discor..tin·,· ·r· ::.;·. tLC 

1 96 9 - 70 dairying s ea s  on. 



B .  Intra -Sire Regr e s s ion of Daughte r  Pe rformanc e  or 

He rchnate Performanc e  

E ffe ctively , the intra - s i r e  regres s ion of daughte r produc,: on on 
he rchnate producti on i s  an a dj us tm ent for the non - random u.saf_c of 

the s i r e s  being evaluated among s t  he rds of diffe ring product:on levels 

( Henders  on , C a rt e r  and G odfr ey , 1 9 54) . Thus , a pos s .i.b:e s ;::,urce of 

bia s in s i re evaluation r e s ulting from genetic diffe rences �-etwE:en 

her ds s hould be ove r c om e  by the us e of an intra - s i r e  reg ress ion of 

daughte r average on he rchnate ave ra ge .  

The value of the int ra - s i re r e g re s s ion of daughter performanc e 

on he r dmate pe rformance  is  expected to vary in a ccordanc e wit:r� 

diffe ring circum s tanc e s . F o r  in s tanc e ,  if differ ences in !le_ d 
p roduction a re enti r e ly genetic in o rigin , the r e g r e s sior:. t..as - .i.-'1�ting 
value of 0 .  5 ,  whe r ea s ,  if he rd diffe r en c e s  a r e  enti rely brn�· -r,r:: ,·.;, c:al. 

the limiting value i s  1 .  0 ( Robe rts on and R endel,  1 954). , .- · ;· . ,  :1 

Pi rchn e r  and Lus h ( 1 9 5 9 ) , the c ontinue d us e of A .  I. wi�l • , .: _._ ,. 

eliminate all the g enetic va riation among he rds . Tl-.ar .. - .. · 
may c hange in value a c c ording to how the he rchnate ave rr:ts, 

wa s s uggested  by R .  H. Mille r ( 1 9 70) . S uppo rt fo r tf'.1s � 

came from an empi rical demons tration ( Be res  kin , 19(-. 3. 
R .  H. Mille r ,  1 9 7 0 ) , of a decline in the r e g r e s sion ;v.r.e::. 

clos e relatives of the daught e r s  we r e  included in tl:-.c i-,-:r"ma ·: 

An examination by Pi rchn e r  and Lus h ( 1 9 5 9 ) o� t.he ·�he< ·-,_:.:,._:;, .· 

expe ctation of c ova rian c e  and va rianc e  term s  of the in· r3.- '-�·!:·." 
regre s s ion c oefficient of daughter  production on their ne ·-�"; . . :.·: 

average s , whe r e  the he rchnate ave rage exclude d only th . ..:: :: . ....., .. �" c.:­

t he da ughte rs  and their half  s i s ters , s howe d  that the ve:.�uc :,£ ti'>. 
r e g r e s s ion e s timate is  dependent upon he rd s ize . 

daught e r  pe rformanc e  i s  regre s s ed on the a dj us ted he:rdrr.c..';:r: '· ·"·· ·.- _;c 
a s  defined by Heidhue s ,  Van Vleck and Hende r s on (1961), <..i<•. :-.:�: '·.-:s: . :  
does not depend on he rd s i ze (Ma o ,  Benders  on a:1.d P. D. :\·1i: ... .c. J ·; • •  ; 

The New Z ea land e s timate of the intra - si r e  ::.egr_s<c.:' ..., . .  _.<-<!'.'•-· 
·pe rfo rman c e  on he rdmate pe rforman c e  for milkfat y1··ld v .. ·d. ·'· , _ _  ,_ 

implie d  tha t ,  on ave rage, 2 0  pe rcent of the betweer"-hcro -E.f:f.�::-�n<: v 1:, 

production was genetic in o rigin ( Ra e ,  1 9 7 1 ) .  The res  ruts ·_-c.-;, ;,;· 



i 3. 

nUinb e r  of s tudi e s  s upport the us e of a gene ral  e s timate of the 
r e g r e s sion of 0 .  9 .  Sea rle ( 1 9 6 l a) ,  s tudying age - co r r e cte,:: :nilkfat 

r e c o rds produc e d  by both A .  I .  and naturally -bred c ow s  i;-:. • • •  t· New 

Z ea land dai rying s ea s on s  of 1 95 6 - 5 7  ( 2 ,  9 0 1  daught e r s ,  Sl !"ire:s )  and 

1 9 5 7 - 5 8  ( 4 ,  1 9 5 daughte r s , 62  s i r e s } ,  e s timated the r e g r e s s1on to  be  

0 .  94 and 0 .  9 0 ,  re spectively. In a furthe r s tudy , using records 

pr o duc ed only by A. I .  - b red c ows ( 1 0 ,  5 5 0 }  in the 1 95 9 - 6 0  s ea s on ,  

S ea rle  ( 1 96 3 }  e s timated the regres sion t o  b e  0 .  83. S e a rle s ugge s te d  

the smaller e s timate o f  the latt e r  s tudy may have been due to the fact  

that  the· records  analys ed we r e  from c ows s i red by A . I .  exclusively . 

The ba sis  of t hi s  s ugge s tion may have been due to the e s timate of 0 .  6 

of Hende r s on e t  a l .  ( 1 95 4) when the milkfat r e c ords of only A .  I . - b r e d  

c ows ( 7 ,  850  da ught e r s , 1 2 8  s i re s )  were  analyzed. T he e s timate in 

the s tudy of Hende r s  on et al.  ( 1 9 54)  wa s ba s ed on the r e gr e s s i on of 

fi r s t -lactati on pe rformance on a c ontemporary he rdm a te average. 

Lat e r ,  using a la rger  body of data ( 1 0 , 2 9 2  A .  I .  -bred  da ught e r s ,  

5 9 5  s i re s ) , Hende rs on and C a rter  ( 1 9 5 7 ) obtained a n  e s timate fo r m<kfat 

yi eld of 0 .  9 1 1 and a dmitted that  the form e r  value of 0 .  6 was 
11 • • •  s urpri s ingly low". Hende r s on and C a rte r di d not explic-�tly 

define the he rdrna te average us ed in their s tudy , but since they cone luded 
11 • • • the a c c ura cy of progeny t e s ts c an be improve d materially by 

expre s sing e a c h  r e c o rd as a deviation from the ave ra !5-:' c.' ) : ,nv-: r cows 

fr e s hening in the s ame herd,  yea r and sea s on . " ,  one p�·,�!':-.. , . .  · ,  1 h .. t 

s uch an ave ra g e  wa s us ed in thei r calculations . If so, �·�- c't..:�·-..:rence 

betwe en the e s timate of Hende rs on et a l .  ( 1 9 54) ( 0 .  6 )  and tnat .:>f 
Hender s on and C a rter  ( 1 95 7) ( 0 .  9 1 1 ) ,  whe re a conternpo ra.ry .r • ..:rcL.nate 
and he rdmate average were u s e d  r e s pe ctively, adds furt!;.::-"· 

the s ugge s ti on of R.  H .  Mill e r  ( 1 9 7 0 )  m entioned ea rli e r . rr--:.. . 
· '· . ;:.crt to 

of the regre s s i on may depend on how the he rdmate ave ra.g- �s ·.r.�c. 

An analy s i s  by Robe rts on and R endel ( 1 9 5 4) of milk p roductioi-. r.:. (..;:,r 1. 

made in G r eat Britain gave a regre s s i on e s timate of 0 .  95. IH a .::!-.1� :-: o--: 
breed diffe rences  we re r eveale d through the es timates oi J .... . -:>1 ·-

1 .  0 8  for the S horthorn,  Gue rns ey and F riesian b r e e d s ,  r ·.::.. :-·e<. · '; < 

E s tima t e s  of the re g r e s sion fo r milk yield and rnilkia:· · . .  e .. 

us ually b e en s imila r in s i z e .  A s  fa r a s  fat pe r c enta ge is .:<":.;-, • .  

Robe rts on and Rendel ( 1 9 54) obtained a l owe r r e g r e s sion estima.'�.:: .-'Ji J t. 
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In propo s in g  a rea s on for the low e s timate of the r e g r e s s i on in rhe 
c a s e of fat p e r c entage , Robe rts on and Rendel s tated:  "Pr oba bly a 

fai r  proportion of the va riation b etwe en he r ds i s  the r efo r e  gen eti c in 

origin . Thi s  i s  in line with eviden c e  that  the effe ct of inc rea s ed 

feeding in c omm e r cial he rds i s  an inc r ea s e  in yield  with littl e c hange 

in fat c ontent. 11 

In a s tudy of 4 1 8 ,  1 3 9  matur e - equivalent Unite d  States r e c o rd s  

R .  H. Miller  ( 1 9 70)  obtain e d  b r e e d ,  a g e  at calving , trait (milk yiel d ,  

milkfat. yi eld a n d  fat pe rcenta ge) and r e gional diffe ren c e s  i n  the 

e s timate of the r e g re s s ion of daughte r pe rformanc e  on he r dmate  

pe rformance . In line with Robe rts on and Rendel , R .  H .  Mille r 

obtained an ave r a ge e s timate  for fat p e r c entage ( 0 .  7 )  which wa s l ower 

than that fo r milk and milkfat yield ( 0 .  9 ) .  An ave rage  value of  0 .  9 

for milk yi eld ,  whil s t  being s uitable for the Hols tein b r e e d ,  wa s foun d  

b y  R .  H .  Mille r  to  b e  t o o  high f o r  the Ay r s hi r e ,  Je r s ey a n d  B r own Swi s s  

b reeds but too low for the Gue rn s ey b r e e d. As fa r a s  a ge at  calvin g 

i s  con c e rn e d ,  Miller drew attention to  a '' • • •  s triking . " 

inc r ea s e  in the r e gres sion from fi r s t  to s ec ond lactation . He concluded 

that the us e of a g ene ra l  regres sion e s tim ate of 0 .  9 ,  the repres entative 

value for milk or milkfat yield  in hi s s tudy ,  may introduc e bia::>e� �nto 

s ire evaluation and that the a ccuracy of s i re evaluation s is  likely to 
inc rea s e  if the intra - sire regres sion of da ughter pe rformanr 

he rdmate performance is  made m o r e  a pp ropriate to the conai".jc_· 

each s ir e's eva luati on . E a rlie r ,  Hende r s on and Ca rte r (l9s·;: r . .  · .  

obs e rved b r e e d ,  yea r ,  and s ea s onal va riation in the reg ressic.r: 

e s timates ,  but noted that the diffe r enc e s  were too small for s g�>I;;_,-.:=.r.c,�. 

The claim by Pi rchne r and Lus h ( 1 9 5 9 ) that  c ontinued use of A I 
would eventually eliminate all genetic va riation am ong he rds was 
investigated by M a o  et a l .  ( 1 9 72) . M a o  e t  al  ( 1 9 72)  analy s ed i:Lppr'.:>:..: .. . -. ­

ately 900 , 0 0 0  milk records of Hols t ein c ows s i red by A. I .  ot:' 1i·�e · 

ove r  the period 1 9 5 6  to 1 96 8 . Thei r analysis  produced & ?•Y) •. vd 
e s timate of 0 .  9 3 3  (± 0 .  002)  fo r the int ra - s i re r egres s ion J_ d< '-��-··- . 
pe rfo rmanc e on he r dmate pe rformance wit h  no significant tx "'r ··� the· 
yea rly e s tim ate s .  Thus , this analy s e s  did not suppo rt C1t". d::·cr •r . .:,<..!.e 
by Pi rchner and Lus h  ( 1 9 59 )  that the g enetic va rianc e  between herds 

woul d  be progre s s iv ely reduc e d .  Neve rtheles s  from a line r 
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r e gr e s s i on of relative g en etic va riation among he rds on yea r s  

(weight e d  by inve r s e  of va rianc e  within years ) ,  a s suming no 

c ova rianc e  betwe en he r d  genetic and non- genetic va riate s ,  M a o  

e t  al .  were able  to demons trate that ,  in  fa ct , the  additiv e g enetic 

va riation r e lative to total va riation am ong herds  had been de c r ea s in g  

by 0 .  6 p e r c ent a y ea r  s ince  1 9 5 9  i n  the Holstein A .  I .  population in 

No rth- ea s t e rn United State s .  

The us e of a s ingle overall e s tima te of the intra - s i r e  r e g r e s s i on 

a s s um e s  that the regre s s ion s  a r e  lin e a r  and homogeneous for all s i r e  

groups . F r om an analy s i s  of fi r s t - la ctation r e c o rds made by 44 , 97 5  

A . I . - b r e d  c ows , Van Vleck ( 1 96 3 )  found the intra - s i r e  r e g res s i on to 

be  s tati s tically heterogeneous ove r  s i r e  g roups and that  c urvilinea r 

regres s ion a c c ounted fo r a s tati s tically s ignificant r e duction in 

va riation above that a c c ounted for by linea r reg r e s s ion . Van V l e c k  

c oncluded that from a pra ctical  s tandpoint , unl es s the he r dmate 

ave rage deviated widely from the b r e e d  average , the us e of a c ommon 

linear  int ra - s i r e  r e g re s si on of 0 .  88 wa s s atisfactory for a djustin g  

ave rage  daughter  yield for he rdmate level . 

Notwithstanding the s upport the s e  estimate s give to tht: use oi 
an intra - si r e  regres sion of 0 .  9 ,  in 1 96 9  the N. Z .  Dai ry Board 

dis c ontinue d the us e of an intra - s i r e  r e g r e s s ion to  a djus i cia .... gt:..rer 
ave rage s for he rdmate average ( N .  Z .  Dai ry Boa r d ,  1 970). .::,. :1um.be r  

o f  fa ctor s  may hav e  contributed to this  decis ion: 

(i)  A pa rt from the analys e s  of S ea r  le  ( 1 96 l a ,  1 96 3) ,  wmch 
involved a com pa ratively small body of data , al l  the 

e s timate s cite d w e r e  from analy s e s  of data obtainec� :n 

othe r c ountri e s , but the s y stem of dairyfa rming �n 1'� .:.w 

Z ea land is  s ufficiently differ ent to that of othe r ountriei> 

to  enable one to que s tion the a pplicability to New Zealand 

c onditions of r e g r e s sion e s timates  de rived from ove re:eas 

data . 

(ii) The ext ensive s tudi e s  of R .  H. Mil ler  ( 1 9 7 0 )  and� L; et ;:.l. 
( 1 9 7 2 )  which confi rm ed the e s timate  of 0 .  9 were .1�1t-·md1shecl 
when the us e in New Z ealand of an intra - s i r e  reg!'•esJi.un 
approa c h  to a dj us t  daught e r  ave ra g e s  for the geneti · levei 
of their he rdmates wa s dis c ontinue d .  
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(iii) A s tudy of New Z ea land data by B rumby ( 1 96 1 )  furthe r 

s uggested that t he r e g r e s s i on s hould be unity s in c e ,  in t he 

ca s e  of milkfat yield ,  g en etic differen c e s  betwe en he rds 

we r e  non - exi s tent . 

Notwiths tanding the above point s , the r e s ults of a study by Evans 

( 1 96 9 )  probably played the major r ole  in b ringing about the 

di s c ontinuation of the us e of the int ra - s i r e  regre s s ion approach 

t o  a djus ting fo r he rdmate level  in New Z ealand. Using the 

r efe r ence bull (b) app roa c h, E vans demon s t rated that genetic 

diffe r en c e s  betwe en he r ds w e r e  not uniform and tha t  they w e r e  

dependent upon the extent t o  which A .  I .  ha d been us ed i n  the he r d s  

b eing c ompa red.  I n  addition , he demon s trated that the genetic l ev e l  

o f  the he rdmates  c ould be  a c curately predicted from a knowledge of 

the g enetic rating of their own s i r e s . 

detail in Cha pt e r  2 ,  S ection Ill . ) 

( Thi s  i s  c onsidered  in m o r e  

C .  Intra -Si re R egres sion of Future Daughte r  Productior, Yr. 

E stimated True Daughte r  Leve l 

The fa ctor F ( s e e p .  7 ) ,  the c oefficient of the rP� 

s i r e ' s  futur e da ughter production on his e s timated tr..;;L' ;: 

- of a 

av erage ,wa s s epa rately obtain e d  for each s ire from the ex:-: .c .. 

n / (n + 1 5 ) whe r e  n wa s the number of daughters  c ontributir.E:, -(,� i.i aJ.r,.:·s 
da ughter  ave ra g e  (Sea rle , 1 9 5 9 ,  1 964a ) .  Factor F caYl a lso  t,, 
interpret ed a s  the regre s s ion of one - half the si re's a daitive g�-'lE;-,:�c: 
val ue on the diffe r ence from expectancy of hi s  da ught e r s. HvwE- • ..:::..-, 
it i s  inco rrect  to inte rpret the r e g r e s sion the othe r way rou.":1c! c:.s i; 

S ea rl e  ( 1 9 5 9 ) , that is , " the r e g r e s sion of the "diifcr · ... nce from 
expe ctancy" on one - half the s i r e ' s  a dditive genetic va lue. " The 

formula for obtaining the r e g re s sion of one - half t he s i r e ' s  a dditi'::.. 

genetic value on the diffe r enc e from expectancy of his daught ers is· 

(b) 
The r eferen c e  bull tec hnique r equi r e s  that the genetic mer'� 
of a bull  be  s epa rately e s timated in the two he rds ( herd gr oups) 
b eing compa red.  Sin c e  t he genetic m e rit of a bull is con s tant , 
t he differ en c e  between the two e s tima t e s  of his genetic m erit 
r epres ents one - ha lf the g en etic diffe rence between the he r ds . 



whe r e :  

t 
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l +(n- l )t 

= 

= 

he ri ta hili ty 

the intra - cla s s  c o r relation amon g s t  the 

phenotype s of pate rnal half s is te r s  c on s i s ting 

of two c omponents : 

1 /4 h2 + c 2 . 

T hi s  formula i s  valid only if fi r s t - la ctations of the s i r e  1 s 

daught e r s  a re us e d  to obtain the diffe rence from expe ctancy . The 

a dditive geneti c va rianc e  whi c h  pat e rnal half s is te rs  hav e  in c ommon , 

i s  
1 I 4 h2 , whe rea s ,  c

2 
repr e s ents the extra c o rrelation due to fa cto r s  

other than the s i r e  whic h  a s et o f  half s i s t e r s  may have in c ommon , 

but whi c h  diffe r for each s et of half s i s te r s . 

Sin c e  c 
2 

i s  in the denominator of the formula for t he r egr e s sion 

of one - half a s i r e ' s a dditive genetic va lue on hi s daught e r s  1 diffe ren ce 

from expectancy , the a c curacy of the prediction of the a dditive genetic 

value i s  inc rea s ed if c2 is dec r e a s ed.  If in fact c 2 
= 0 ,  and if 

h
2 

= 0 .  2 5 ,  the a bove fo rmula s imply r e duc e s  to n / (n + 1 5). A way 
of a c hieving a r eduction in the s i ze of c 2 , to the point whe r e  it may 
be c onside red to b e  z e r o ,  i s  through a r ranging for e a c h  da ughter oi 
the s i r e  being eva luated to be  r e c o rded in a different he rd. 

T hat the extra correlation among s t  the records of pate rnal nalf 

s i s te r s ,  c
2

, can be important in affecting the ac curacy of s i r e  

evaluation has been demon s t rate d .  C ommonly , c 2 i s  broa dly s tated 

as  being dete rmine d  by 1 1envi rorunental11 facto r s . Howev e r ,  B e  res  kin 

and Lus h ( 1 96 5 )  d r ew attention to  othe r dete rminants of c
2

, the s e  a r e: 

( i )  C o r r elations  amon g s t  the a dditive g eneti c  va lue s of the 

mates of a s i r e .  

(ii)  C o r r elations between t he a dditive genetic value of the si re 

and the a v e ra g e  a dditive g enetic value of the c ows to wluc!l 
he wa s mated.  

(iii ) C o r relati on s  involving both genetic and envi r onmento.l effects. 
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In a c om pa ri s on of three m ethods of dis tributing the daug ht e r s  

o f  a s i r e  am ongs t a s e rie s of he rds , B e r e s kin and Lus h ( 1 96 5 )  

s tudied the effe ct  of c 2 on the repeatability of s ire  p r oofs . T he 

method of inte r e s t  he r e  wa s tha t  whe r e  t he he rds w e r e  c ho s en a t  

random , a n d  whe re each he r d  often ha d only one daught e r  of t he 

s ir e  being evaluated.  Thi s  sys tem of di s t ributing the daug hte r s  

wa s rega rded b y  B e r e s kin and Lus h t o  b e  1 1 • • • v e ry s imila r t o  

tha t  prevailing under ideal A . I .  c on dition s . 1 1  De s pite t he fac t  tha t  

their data a pproache d  the ideal s ituation o f  one da ughte r o f  t he s i r e  

pe r he rd ,  B e re s kin a n d  Lus h dem on s t rated that the us e o f  pro duction 

deviations ( obtain e d  from compa ring daug ht e r  and he r dmate ave ra ge s )  

did not c ompletely eliminate  res idual he rd-yea r- s ea s on intera ction 

va rianc e  from their data and tha t , in turn , this va rian c e  r e s ulte d in 

an extrane ous c o r relation (c 2 ) of magnitude s ufficient to bia s s i r e 

evaluation. A c c o r dingly , B e r e s kin and Lus h not e d  the a dvisability 

of having only a s ingle daught e r  of t he s i re in each he rd.  

In a s tudy of fi r s t - lacta ti on r e c o r d s , Van Vleck ( 1 9 66 b) e s timated 

t he environm ental c o r r elation am on g s t  the r e cords of pate rnal half 

s is te r s  r e c o rded in t he s am e  he rd to be 0 .  0 8 .  Since  the fraction of 

daught e r s  of an A . I .  s ire  in t he s am e  he rd relative to the fraction in 

diffe rent he rds i s  small , Van Vl eck c oncluded that the c o r r ela ti on i s  

unlikely t o  be important in the evaluati on of A . I .  s i re s .  T h:. s  
conclusion wa s s upported by his ear).i e r  demons tration ( V a n  V le c k ,  
1 966a)  that the c o r re lation may not b e  im por tant in A .  I .  s i r ·· 

evaluation in the Unite d  Sta te s . Howev e r ,  in evaluating s i r e s  by 
natural s e rvi c e , the dis tribution of daug ht e r s  i s  a di rect  oppos ite of 

that for A .  I .  s i r e s  and,  in both s tudi e s , Van Vleck conclud e d  tha t  

a c c ount s houl d  b e  taken o f  the c o r relation c 2 in the evalua tion o f  

natural s e rvic e  s i r e s . 

The la c k  of c on c ordance betwe en natural s e rvice and A .  I .  s i r e  

evaluations ,  obs e rved in New Z ealand and els ewhe r e ,  i s  attributable 

in pa rt to the effect  of the c o r relati on c 2 (Van Vle c k ,  1 966 �. ) .  

A rora and F re eman ( 1 970) obtained a c ommon value for the c o rrelat i on 

c
2 

of 0 . 1 1  fo r A . I .  and non-A . I .  populati ons and c oncluded t ha t  t he 

correla ti on s hould be taken into a c c ount in s i re evaluati on . 
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I f  ea ch daught e r  of the s i r e  being evaluated i s  located in a diffe r ent 

her d ,  and if s i r e s  a re us ed at random in a s e ri e s  of he r ds , t he n  it i s  

rea s onabl e to a s s ume that the c o r r elation c 2 i s  z e r o .  A s  fa r a s  the 

N ew Z ea land m ethod of evaluati on is c on c e rned,  c2 can be a s s um e d  to 

be z e r o  s ince  the for e goin g requi r em ents s e em to be m et through the 

N .  Z .  Dairy Boa rd ' s  s i r e  provin g s cheme a s  de s c ribed in the following 

s ub- s e ction . 

In the de rivation of the r e g re s s ion c oefficient n / (n+ l 5 ) ,  a 
r equir ement whi c h  needs  to be met  i s  that  only fi r s t  la ctation s  of t he 

s i r e ' s  daughte r s  be  us ed to obtain thei r diffe rence  from expectancy.  

S ea r  l e  ( l 964a) , using the m ethod of Hende r s on ,  K em pthorn e ,  S ea rl e 

an d von K rosigk ( 1 9 5 9) ,  dem on s t rated that c ullin g ,  ba s ed on previous 

la ctati onal pe rform an c e , wa s r e s pons ible for bia s e s in s i r e  evaluati on 

if s e c ond or succe eding da ughte r la ctations  were used for C d l c ulating 

diffe r en c e s  from expe ctancy . Howev e r ,  S ea rle  ( 1 9 5 9 ,  1 9 6 4a )  
developed a n  alte rnative expres s ion whi c h  allowed the bia s to b e  

avoided if  s econd or  late r  la ctati ons w e r e  in cluded in s i r e  av e ra g e s . 
E v en though the bia s  re s ulting from c ulling can be  ove rc om e , the us e 
of s e c on d  or  lat e r  lactation s i s  inadvi sabl e .  For  ins tanc e ,  the u s e of 

s ec on d  o r  later la ctati on s  m eans that r e c o rds have to be age  c o r r ected 

which,  as  already indicate d ,  can lead to othe r diffi cultie s .  

D. New Z ealand Dai ry Board ' s  Sire  Proving S c her<1 e  

A n  inte gra l  pa rt of the New Z ealand m ethod o f  s i r e  cva lua L on } ; 

the N.  Z .  Dai ry Boa r d ' s  s i r e  proving s chem e ,  intr oduc e<. i. 1 9 6 :  
(N. Z .  Dai ry Boa r d ,  1 96 1 ) .  Unde r thi s  s chem e, in s emination .:: ; ,- -:;::-

young unproven bull s a r e  di s t ributed amongs t a la rge nunLbe r -:-f � . ; · 

proving he rds . Fa rm e r s  pa rti cipating in the s c heme a re paici .J •  " - · 

Dai ry Board not only fo r us ing s em en of unproven bu�ls ,  but a l s o  i O r  
gua ranteeing t o  r e c o rd all  daughte r s  that com e  into milk t h r e  ye<-:. J: S 
late r .  Prior to 1 96 1 ,  ins eminations  from unp r oven s i  -o:- · · ::. �· e r  •:! 

dis tribute d  am ongst  all  he rds using A .  I .  Howeve r , un d e r  ··n , s e:  
ci r cum s tan c e s , only fiv e  t e s ted daughters  were  obtain e d  ··::rr eve r y  
1 0 0  ins eminations a lthough, on ave rage , 1 00 ins e:ninati onf; �nod Jc . ·. 

2 1  milking 2 -yea r  old heif e r s . The dis c repancy betwe �r. t he :: \..:-: t) ' "  
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t e s t e d  and the num b e r of daught e r s  a ctually in milk ,  r e s ulted from 

the fact  that not a ll he rds usin g  A .  I .  were  he r d  r e c o r din g .  

I t  wa s dem on s t rated (N.  Z .  Dai ry B oa r d ,  1 96 1 }  that te s ting a ll 

daught e r s  of an unproven bull  reduced the number of in s eminations 

requi r e d  to produ c e  a s uffi cient numbe r of daught e r s  on who s e  

productive pe rformance the bull ' s evaluation wa s ba s ed .  S ea r  le 

( 1 962b}  gave the r e ducti on in the number of ins eminations to be 

approximately 700 pe r unproven bull .  A r eduction in the num b e r  of 

ins eminations from ea c h  unproven bull allowed more bulls  to be 

evaluated ,  but beca us e the numbe r of r epla c em ent bulls  requi r ed 

for the proven bull team r emained the s am e , a highe r  s ele ction 

diffe r ential c ould be a c hieved.  The inc r ea s ed s election diffe r ential ,  

c ouple d  with an ove rall r eduction in the us e of unp r oven s em en ,  wa s 

expected to b ring a bout an inc rea s e  in the rate of genetic gain in the 

A . I .  population ( N . Z .  Dairy Boa rd ,  1 96 1 } .  

Ill .  SIRE E VALUA TION IN NE W ZEALAND S INCE 1 9 6 9  

The N .  Z .  Dai ry Board c ontinued t o  us e the method of s i r e  

evaluation a s  outlined on pa ge 7 f o r  a numbe r o f  yea rs  b efore 
introducing major chang es in 1 9 70 to  the m ethod (N.  Z .  Dai ry Boa r d ,  

1 9 70} . The re we r e  s everal a s pects  relatin g to the c hanges that we r e  

made and the s e  will now b e  c ons ide red.  

P rior to 1 9 70 , the he rdmate avera g e s  to which the daught e r s  of 

the s i r e  being eva luated w e r e  c ompa red were  calculated us i n g  only the 

production rec ords of naturally - bred he rdmates  (S ea rl e ,  1 96 4 <>  ·. N .  Z .  

Dairy B oard ,  1 9 70} . In contra s t  to  A .  I .  - s i r e d  cows . natura dy - h r ·"' d 

cows were  a s s um e d  to have been s i red by bulls  who s e  ave rage _;c-::1<: ti c  

m e rit equalled tha t  o f  the population . Through including the r e c ords 

of only naturally- b r e d  c ows in he rdmate ave ra ges ( th, r e  by exclu ing 
the r e c o rds of all A . I . - s i r e d  c ows } ,  it wa s a s s um ed that  a s i r e ' s  
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e stimated g enetic m e rit ( expre s s ed relative to the population ave rage) 

wa s unbia s e d by the geneti c  s uperiority of any A . I .  - s i re d  he r dmate s 

( N .  Z .  Dai ry Boa r d,  1 9 70) . T hat New Z ealand A .  I .  - s i r e d  c ows a re 

geneti ca lly different to naturally -b r e d  (a s s um e d  to be non-A . I . - s ir e d) 

c ows ha s b e en demon s t rated by Evans ( 1 96 9 )  and by the Fa rm 

Production Divis ion of the N .  Z .  Dai ry Boar d  ( 1 9 74) . 

of the latt e r s tudy a r e  given in Table 2 .  2 .  

The re s ults  

Fa rm e rs making us e of A .  I .  in  thei r he rds often retain s on s  of 

A . I .  sires  for us e in natural mating. Thus , a lthough s om e  c ow s  a re 

identified  a s  being naturally bred ,  in fa ct they hav e  A . I .  - b re d 

anc e s to r s  and,  for r ea s on s  already di s cus s ed ,  the s e c ows a r e  unlikely 

to  be  geneti cally ave ra g e .  Sin c e  A .  I .  s i re s  a r e  n ot uniformly us ed in 

a s e ri e s  of he rds , a bia s  in s i r e  evaluation may oc cur due to va riation 

in the genetic ave rages of the he rdmates to which the da ughte r s  of the 

diffe rent s i r e s  a re c ompa re d .  

Studi e s  in the United States b y  Norman , M c Daniel and Dic kin s on 

( 1 9 7 1 )  and Henders on and e o -wo r ke r s  (unpublis he d) have demons t rated 

that va riation in the geneti c levels of he rdm ates  doe s  o c cur in pra c ti c e . 

T he s tudi e s  of Van V l e c k ,  Hende r s on and C a rt e r  ( 1 96 2 ) , R .  H.  Mill e r  

and C o rley ( 1 96 5) , B e r e s kin and F r e eman ( 1 96 5 ) , Hill e r s  and F r eeman 

( 1 96 6 ) , and Bodoh and S hook ( 1 9 72)  indicate tha t ,  although the intens ity 

with whi c h  the mate s of ea c h  s i r e  have been s elected may be s ignifi c antly 

diffe r ent from sire  to s i r e , thi s  is an unimpo rtant s our c e  Gf e r r o r  in 

s ir e  evaluation . Furthe rm o re , R0nning en ( 1 9 7 1 )  s howed the..: the 

p roduction deviation of a s i r e  1 s mates , togethe r  with the he rit<> hi lity of 

the t rait , must be v e ry high befo re the r e c o rds of the mate s n " e ci to be 

c onside r e d .  Thus , va riation in the genetic level of he rd:mat e s  is m o r e  

likely to be  due t o  a diffe r ential gen etic m e rit of the s i r e s  and not the 

dam s of the he rd:mate s .  A c c o r dingly , Norman et a l .  ( 1 9 7 1 )  ., gg � s �  ed 

he rdmate avera ge s s hould b e  a dj us ted by s om e  fun c tion of · r,e g en etic 

m e rit  of the he rdmate 1 s s i r e s . 

F r om the point of view of a djusting he rdmate ave ra g e s  a c c o r rlil1 � 
to  the genetic m e rit of he rdmate 1 s  sir e s , a s tudy of im po rtan c e  to :'.' L.'" e  

evaluation in New Z ealand was that of Evans ( 1 96 9) .  O n  t he !:>a s i s  of 

the ratings of proven A . I .  J e r s ey s i r e s , Evans calc ulated an expE-c·c e d  

rating for e a c h  o f  2 2 3  s on s  o f  the s e  p r oven s i re s .  T he s on ' s obs erved 



Tabl e  2 .  2 

A g e  c la s s 

2 y e a r s  

3 yea r s  

4 y e a r s  

2 2 .  

New Z ea land Dai ry Boa rd ' s  within - he r d  production 

c ompa ri s on of identified  A .  I .  - si red c ows with othe r 

(non-A . I . )  c ows in the 1 972 -73 dai rying s ea s on .  

Producti on difference (in favour 
of A . I .  - s ir e d  c ow s )  

Milk ( lb) Milkfat (lb) 

5 yea r s  and ove r  

4 5 8  

3 3 3  

3 9 9  

2 97 

2 3  

2 1  

2 1  

1 5  
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milkfat ratings , obtain e d  from their own progeny tes ts , w e r e  then 

r e g re s s e d on t hei r expe cte d ratings . A regre s s i on c oefficient of 

0 .  96  wa s obtained which,  when c om pa r e d  to  an expected value of 

1 .  0 ,  indicated tha t  the predi c ti on of the genetic m e rit of s on s  of 

p r ov en A .  I .  s i r e s  wa s on average 96  pe r c ent efficient .  O n  the 

othe r hand E vans found the p roduction information of the dam ' s  of the 

s on s  predicted the s on ' s genetic me rit with much l e s s precis ion ,  

b eing on ave rage only 5 0  p e r c ent efficient . 

T he finding s  made by Evans ( 1 96 9 )  of a s trong r elation s hip b etween 

the e s timat e d  g en etic m e rit of prov en s i r e s  and their s on s  is imp ortant 

s in c e ,  a s  noted by Rob e rt s on ( 1 96 0 ) , the s uc c e s s of an A . I .  s c heme 

r e li e s  on the identification of  young bulls  which a r e  a bove average in 

genetic m e rit . Roberts on ( 1 96 0 )  int roduc ed the idea of r e gr e s s in g  

the progeny te s t  result  o f  a s on on that o f  his s i r e  to a s s e s s  the 

a c curacy of a s i re evaluation proc e dure in identifying s ons  of hig h  

genetic m e rit . In the ca s e  o f  milk yi eld ,  Roberts on ( 1 96 0 )  demon s t rated 

tha t  the c ontem pora ry c om pa ri s on m ethod of s i re evaluati on (MacA rthur , 

1 9 5 4 ;  Robe rts on , Stewa rt and A s hton ,  1 9 5 6 )  wa s only 70  pe r c ent 

efficient in identifying s on s  of a bove ave rage genetic m e rit . Thi s  

fin ding wa s confi rmed b y  the s tudy o f  �deg� r d  and Roberts  o n  ( 1 96 8) . 
In c ontra s t ,  s tudie s  by M c Daniel , 1 96 9 ;  Dic kin s on ,  M c Dani e l ,  

R .  H .  Mill e r  and Lytton , 1 96 9 ;  a n d  0 dega rd ,  1 96 8 ,  have s hown t h n  
the obs e rved r e gres sion of s on ' s  p r ogeny t e s t  on that of the i r  s i r e s , 

a pp r oximated the expected r e g r e s s i on fo r milk yield ,  indi c ating t ha t  

the s i r e  eva luation proc edur e s  c on c e rn e d  were ope rating very c lo s e  

to thei r theoretically expe cted precis ion .  Thus , the ratin g s  of 
p r oven s i re s  a ppea r ,  on avera g e ,  to  be  a reliable ba s i s  for ·� he 

p r e dicti on of the genetic m e rit of thei r progeny . Neve rthele s s ,  

S e a r l e  ( 1 964b) ha s s hown that in s el ecting s ons  of proven s i r e s  a 
knowl edge of the s ire 1 s geneti c m e rit s hould not be s ub s tituted fo r o. 

progeny tes t  of the s ons  them s elve s . S earle  ( 1 964b) derr. -:. n ti t re:. t c: 
tha t  for a he ritability of 0 .  2 5  for a trait , the most  a c c ura·c..?. evaluati on 

of a s i r e ' s  gen e ti c  merit p r ovid e s  no more informati on about a s e  ' s  

t rue genetic m e rit than doe s  a progeny t e s t  ba s ed on fiv e  da ughte !' s  of 

the s on • 



• 

2 4 .  

T he demon s tration by Evans ( 1 96 9) of the low utility of a dam 1 s 

milkfat p roduction r e c ords a s  a means for predicting a s on 1 s geneti c 

m e rit i s  in a c c or d  with the r e s ults of s tudi e s  els ewhe r e . Us ing the 

s el e ction index approach fo r p r e dicting the genetic m e rit fo r milk 

yi eld of the daughters  of a young bull , on the ba s i s  of information at 

va rious points in his pedig r e e , Van Vleck  ( 1 96 9 ) demons trated tha t  

exclusion of dam s  1 rec ords b r ought an unim portant c hange i n  the 

efficiency of the index. S imila r ly ,  Van Vleck and C a rter  ( 1 9 72 ) and 

Lindstrom and Maijala ( 1 972 )  s howe d  a l ow relation s hip between dam s ' 

milk yield info rmation and the g enetic m e rit of their  s on s . The s e  

r e s ults d o  not m ean tha t  info rmation on the dam s i s  of n o  us e for 

predicting the gen etic m e rit of  their  s on s  in orde r to  di s tingui s h  tho s e  

that  s houl d  b e  progeny tes ted for pos s ible us e in A . I . Rathe r ,  they 

imply that  s inc e dam s of young b ulls a re us ually a s elected g roup , 

diffe r en c e s  am ong them a r e  of little c on s equenc e  in p r e dicting the 

genetic m e rit of their s ons (Van Vleck  an d C a rte r ,  1 9 72 ) .  M o re ov e r, 

Van Vleck ( 1 96 9) found the m o s t  efficient s election index to be one tha t  

included the r e c o rds o f  the dam s , i . e .  , the proofs o f  the s i r e  and 

mate rnal g rands ire  of the young bull and the producti on pe rformance 

of his dam . Van Vleck and C a rt e r  ( 1 9 7 2 )  found this to be  ' '  . . .  a 

ve ry effe ctive m ethod of gathe ring a s upe rio r  group of y oung bulls  for 

furthe r s ampling in A . I .  • . •  " 

The method of s i r e  evaluation introduc e d  by the N .  Z .  Dai ry Boa r d  

in 1 9 7 0  utili zes  ances tral information and , in pa rtic ula r ,  c a pitali z e s  

on the r eliability o f  the estimated genetic  m e rit of a proven s i r e  in 

pr e dicting the g enetic m e rit of hi s  progeny. The outline of the m e t hod 

( N .  Z .  Dai ry Boa r d ,  1 9 70)  is a s  follows : 

Sir e ' s  rating 

wher e :  E .  G. V .  

= Sire  1 s 
E 

·�· V · + R ( Diffe r en c e )  

= The expe cte d genetic value of t he s i r e , obtained  

from the e s timated ( expected; geneti c value of 

his anc e s to r s , notably the ratings  of hi s  s i r e  
and mate rnal  g randsi re plus the prodt:.-:: ; 3  011 

record of his dam . When anc e s tral  informati on 

i s  unavailable , i . e .  , when no anc e s to r s  a re 
A .  I .  - bred ,  the s i r e  1 s E . G .  V . = 0 .  



Differ en c e  

R 

= ( Da ughte r average - He r dmate average) -

( Daughte r s ' E . G . V .  - Herdmate s '  E . G . V . ) 

2 5 .  

= The within - he rd ,  wit hin -age ave rage production 

deviation of the s i r e ' s  daught e r s  from their  

he rdmates , a djusted by the expected diffe rence 

between the geneti c ave rages of  the two g r oups . 

= The r e g r e s s i on c oeffici ent of a dj us t  the deviation 

of a s ir e ' s  a ctual rating from his expe cted rating .  

Calculati on o f  the her dmate s '  E .  G .  V .  e stimate s the genetic level  

of  the he r d  and thus the need for an intra - s i re r e gre s s ion of daught e r  

pe rformance o n  he rdmate s '  perfo rmanc e  to take a c c ormt o f  genetic 

diffe renc e s  betwe en he rds is ove r c om e .  The us e of the he rdmates ' 

E .  G .  V .  in calculating ratings s hould avoid the bia s in s i r e  evaluation 

due to rm e q ua l  genetic m e rit of the he r dmate s .  If  no  rel i able 

anc e s tral  information is  available ( i . e . , no A .  I .  anc e s t ry am on g s t  

the he r dm at e s )  the genetic  level of the he rd ( He rdma t e s  · c • •  G .  V . ) i s  

c onside r e d  to b e  z e r o .  

The us e of the c oefficient n / (n + 1 5 ) ( fa ctor F) f o r  the : r  ' S  s i  on 

of the geneti c  me rit of an rmproven bull  on hi s true daugh< f· r a ve ra g e  

is inappropriate when the bulls  being evaluated a r e  initia l ly d e .:.e cted 

on the ba s i s  of  anc e s t ry ,  i . e . , n ot c ho s en from the populatior. at 

random ( Ra e ,  1 97 1 ) .  The value fo r R is obtained ,  a c c o rding to the 

circ um s tanc e s ,  from the us e of a s ele ction index to c om bine 

informat i on fr om diffe r ent s ourc e s  ( e .  g . , s ir e ' s  rating of the 

rmproven bull , rmproven hull ' s  t rue daughter  average , pr oduction 

rec ords of the rmproven bull ' s dam) to e s timate the genetic m e rit of 

the rmproven bul l .  

The a c c uracy of the above m e thod o f  evaluation , pa rticula rly 

ins ofa r a s  the ranking of older s i r e s  in c ompa ris on t o  s i r e s  in youn g e r  

a g e  groups i s  c on c e rn e d ,  i s  a maj o r  a s pect o f  this  the s i s . 
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Van Vleck  and Hende r s on ( 1 96 l a )  e s timated the inc r ea s e  i n  t he 

genetic. m e rit of the Hol stein population of New Y o rk State in the 

pe riod 1 9 5 1  to 1 9 5 9  to be a pproximately 0 .  5 pe r c ent of the population 

pr oduction mean per  yea r .  S ub s eq uently , Van V l e c k  and Hende r s on 

( 1 9 6 l b)  found that  the ranking of 3 8  s i re s  with daught e r s  havin g 

lactated in that  pe riod ( 1 9 5 1  to  1 9 5 9) was only s lightly alte r e d  by the 

a djus t:In ent of each s i r e ' s  e s timated genetic merit for the effe c t s  of 

genetic trend.  H owev e r ,  by pre s ent- day s tanda rds a genetic  trend 

of 0 .  5 p e r c ent of the population mean pe r y ea r  is  gen e ra lly r e ga rded 

a s  being l ow . Ha rville and Hende r s on ( 1 96 7) es timat e d  t hd. t the 
genetic m e rit of  the Hols tein population in New York State � n c rea s e d  

by 0 .  7 pe rc ent of the mean pe r yea r in the period 1 9 5 6  t o  1 9 6 2  and 

demons trated that the c orrelation between the estimated g e; .1e t ic  m e rit 

of s i r e s  befo re and after  a djus tm ent fo r genetic trend effe c t s  wa s 

a lmost  unity , a r e s ult which s upports the fin dings of Van V l <� c k  :t J Ji 
Hende rs on ( l 96 l b) . In addition , howeve r ,  Harville and Hen c c- !' s on 
demonstrated that the ranking of c e rtain categories  of s i r e s  v • a s 

s ignificantly a ltered by a djus tment fo r the effects of gen eti c t r E..nd.  

A c c ording to Hende r s on ( 1 9 73 ) , the leve l of genetic trend in t he c ow 

population of New York State by 1 966  wa s r e s pon sible for  s ufficier,t 

bia s in the he rdrnate c omparis on m ethod of s i r e  evaluati on ( Hei dhue s 

et  a l . , 1 96 1 )  to jus tify the introduction of m ethods unbia s e d by genetic  

t r end.  The way to ove rcome the bia s i s  by judicious gr ouping of 

s i r e s  by ma king di r e ct compa ris on s  between s i res  a s  oppo s e d  to 

c ompa ris on s  with he r dmate or c ontemporary ave rages  ( L '-'nt:.t.. , 
P. D. Mill e r  and Hende r s on ,  1 96 9) .  A m ethod which utili z e s  the 

dir ect c ompa ris on approa c h  i s  s tudie d  in thi s  the sis . 
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T he maj or impetus behin d  the developm ent o f  m ethods to 

e s timate genetic t rend ha s c om e  from the d e s ir e  to  dete rmine the 

succ e s s  of s ele cti on prog ramm e s . Howeve r ,  the es timati on of 

genetic trend , unc onfounded with envi r onm ental effe cts and othe r 

bia s es , i s  not s traig htforwa rd.  Basically,  t hree  approac he s  to  

thi s  e stimation pr oblem have been us e d  for dairy cattle population s .  

The a pproa ches  a r e :  

(1) Prediction from theory. The average genetic gain p e r  yea r 

in a population can b e  predicted from knowl e dge of: 

( i )  The ave rage genetic s upe riority of  the  animals s elected  

to  be  pa rents ove r the group when c e  they cam e  and; 

(ii)  the av erage generation interval in t he s election pr ogramme 

( Dicke r s on and Ha zel , 1 944) . 

The genetic s uperio rity and the generation inte rva l  may b<· diffe re nt 

for males  a s  oppo s e d  to  femal e s  s o  that in applying the m thod of 
Dic ke r s on and Ha zel  to a dai ry cattle population , Rendel  ; . ·. d .R.obe rts on · 1 
( 1 9 5 0 )  obtained the s e  pa ramete r s  s epa rately for each of L .  four I 
pathways by which genes  a re transmitted to  a s uc c eeding gene !"a ti on . 
T hat i s :  

G = 1
Sire  to s on +!S i r e  to  daughter  

+! Dam to s on 
+!

Dam to  daug nt e r  

w he r e :  

LS . t 
+ LS . d h 

+L D 
+ LD d h Ire  o s on I r e  to  aug ter am to  s on am to a ug te r 

L = G ene ration inte rval.  

I = G enetic superiority of the animals s elected to be pa r ents ove r  

the ave rage of thei r c ontemporaries . 

I ,  which is  als o t he g enetic s election diffe r ential , is  calculate d  

for e a c h  pathway using the formula:  

I = i h cr'  g 

whe r e :  

i = Phenotypic s upe riority of the s elected animals expre s s ed in 

s tanda r d  units . 



h = Squa re - root of he ritability. 

CJ'g = A dditive genetic s tanda rd deviation . 
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The pr e diction approa c h  for e s timating genetic gain ha s often 

b e en us ed to provide a ba s is on which the efficienc e s  of alternativ e 

s election prog ramme s  can b e  c ompa red s ince  the c rite rion of s u c c e s s  

in a s el ection programm e i s  n o rmally the genetic gain the programm e 

i s  likely to produc e .  Rob e rts on and Rendel ( 1 9 5 0 )  dem ons trated that 

the efficient us e of  progeny t e s ting in a s s ociation with A.  I .  s houl d ,  

the or etically , be capable o f  producing rates of geneti c  gain pe r y e a r  

o f  1 .  6 9  and 2 .  0 5  perc ent o f  the population mean f o r  milk yi eld in 

populati ons of 2 ,  000  and 1 0 , 0 0 0  cows , r e s pe ctively.  Specht and 

M c Gilliard ( 1 96 0) found that fo r an A . I .  population of 1 0 , 0 0 0  c ow s  

the rate of genetic gain obtaine d  fr om progeny tes ting va ried  between 

1 .  7 and 2.  3 perc ent of the population mean per yea r de pending upon 

the number  of young s i r e s  s ampled ea ch y ea r  and the pr opo rti on of 

the s e  s i r e s  that were ultim ately s elected for routin e us e 1 n  A .  I .  

Ba s e d on a population s ize  of 6 0 , 0 0 0  cows , L egates  ( 1 9 7 1 ) c •  ndud,·· d 
tha t  the judi cious us e of pr ogeny tes ting in a s s ociati on wi · b. ·' . I "  s h J ul d  

produce a genetic gain per yea r of l .  8 pe r c ent of the pop . l 3  1 > n  m e an . 

In a s tudy of the optimum utilization of young bulls  in an A .  I .  s c he.n e  
involving 66 , 0 0 0  c ows , Skj e rvold ( 1 96 3 )  obtained a hi g he s t � d 1.:. -:  o: 

l .  8 p e r c ent of the mean pe r y ea r  for the geneti c gain in mil K 

pro ducti on which is  the same a s  the e s timate obtaine d  by L e g e. t e s  

( 1 9 7 1 ) .  

A number of res ea rch wo rke r s  have em ployed the technique of 

Roberts on and Rendel ( 1 9 5 0 )  to predict the amount of geneti.: g a. m  

achi eved . Rendel and Robe rts on ( 1 9 50)  a s s es s ed the g enet:c g a i n  pe r 

yea r in a clos ed he rd not m a king us e of progeny t e s ting tc b.: 0 .  �' 
pe r c ent of the he rd ave rage for milk yield and e s timated the ma ximum 
pos s ible genetic gain in s uc h  a he rd to be 1 .  0 pe r c ent of the avera g e  

pe r yea r .  F o r  a clos ed he r d  of Red Sindhi cattle , Stona k e r· ( 1 9 .5 3 )  
pr edicted the genetic gain due t o  s e le ction t o  be 0 .  3 pe r c en -;:  o f  the he rrt ' s  

milkfat average pe r yea r .  B a s e d  on data from a clo s e d he r d  :)f 
Ha riana c ows , Acha rya and Lus h ( 1 96 8) obtained an unus ua l ty hi g h  
predicted genetic gain of 2 .  5 pe r cent o f  the he rd ave rage  pe r ·;. a ... . 
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T hi s  wa s attributed t o  the high value s for the he ritability and 

r e peata bility which A c ha rya and Lus h calculated from the data . 

F r om an analys i s  of fi r s t - la ctation r e c o rds of the s am e  he r d ,  

us ing a m ethod unbia s e d  by ina c curate e s timates o f  he ritability , 

r e peata bility o r  of age c o r r ecti ons  (Smith, 1 96 2 ) , A c ha rya and Lus h 
. I 

( 1 96 8 ) obtained an e s timate of the a ctual genetic gain of 1 .  5 perc ent of 

the he rd ave ra g e  pe r yea r .  E ven s o ,  conside ring the e s timate of 

Robe rts on and Rendel ( 1 9 5 0 )  of a maximum pos s ible geneti c  gain in 

a c los ed he r d  of 1 .  0 pe rc ent of the he rd ave ra ge p e r  yea r ,  the latt e r  

e s timate o f  A c ha rya and Lus h o f  1 .  5 pe rc ent i s  a gain high. 

T he predi c tion method ha s  als o been us ed to dete rmine the gene ti c  

gain being a c hi eved i n  s el ection programm e s  making us e o f  pr ogeny 

tes ting and A .  I .  Sy rsta d  ( 1 96 6 )  e s timated the expected genetic gain 

per  yea r in the No rwegian R e d  b reed  in the pe riod 1 9 5 7  to 1 96 4  to be 

a pp ro"imately 1 .  0 pe r c ent of the ave rage milk yield.  T he expected  

geneti c  gain c u r rently bein g a c hieved by the N.  Z. Dai ry Boa r d ' s  

progeny te s ting and A .  I .  s c hem e ha s been calculated by Ja c ks on ( 1 9 74) . 

Aft e r  a dj us tment for a ris e in the level of inb reeding , Jac k s  on obtain e d  

a n  expected geneti c  gain of 6 .  8 l b .  o f  milkfat p e r  cow ::> e r yea r whi c h, 

a s s uming a matur e-equival ent average production of 3 -, 0 l h .  oi ,y, iJ kfa t ,  

repres ents a genetic gain o f  1 .  94 pe r c ent o f  the population a v era g e  pe r 
yea r .  The s tr ucture of the N .  Z. Dai ry Board ' s  bre eding s c herc. e was 

outlin ed by Evans ( 1 96 9) and s hown to involve a pproxima tely 1 million 

c ow s � The refor e ,  bea ring in m ind the s tudi e s  of Ro be rts on and 
Rendel ( 1 9 5 0 ) ;  Specht and M c Gillia rd ( 1 96 0 ) ;  Skj e rv old ( 1 96 3 ) ;  and 

Lega t e s  ( 1 9 7 1 ) , an expe cted genetic gain pe r year fo r the New Zealand 
s chem e of 1 .  94 pe rc ent of the m ean ( Jacks on ,  1 9 74) i s  not un reas onabl e ,  

The major limitation of the prediction m ethod for e s timating g enetic 

gain i s  that it i s  ba s ed on a s imple model which a s s um e s  the ger.etic 
and phenotypic pa ram ete rs  to be known , all genetic va rianc e  <- o  be 

a dditive ,  and a ll s election is a pplied to the s ingle trait bein g  c onside r e d .  

The r a t e s  of gen etic gain predicted b y  thi s m ethod have s eldom OE: e r, 
a c hieved in pra c tic e ,  a point whi c h  i s  detaile d  in the ens uing Cis c us s ic.:::1 . 
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{2) E s tima tion us ing a c ontrol populati on .  A n  e s timate of the 

geneti c  gain a c hieved through s el ecti on can be  obtained from a 

c om pa ris on of the phenotypic performanc e  of the s elected population 

with that of a random ly - b r e d  c ontrol population maintaine d  in the s am e  

envir onment . 

L e gates and Myers  { 1 966 ) and Legate s { 1 9 7 1 )  have des  c ri b e d  t he 

us e of this t echnique to det e rmine the geneti c  prog re s s ,  from 1 9 5 5  

onwa rds , in a s elected g roup of cows in the No rth C a rolina State 

Univ e r s ity he rd. The e s timates  of the a nnual gen etic gain in milk 

yield in the two s tudi e s  w e r e  1 76 and 245 lb . , r e s pe ctively or , 

a lte rnatively ,  between 1 .  0 and 1 .  5 pe r c ent of the he rd ave rage p e r  

year  { L e gate s , 1 9 7 1 ) .  O n  the ba s i s  of the technique of Smith ( 1 96 2 )  

for e s timating genetic change , Legates  ( 1 97 1 )  c hecked the reliability 

of his e s timate (245  lb pe r yea r) by calculating the genetic gain per 

yea r in s ix s tate - owned herds whi c h  had us e d  the s am e  s i r e s  a s  t ho s e  

us ed in the Unive r s ity ' s  s elected group. The e s timated genetic gain 

in the s tate - owned he rds was 2 3 2  lb. of milk per yea r ,  an e s timate 

which a g re e s  rathe r well with that obtaine d  in the Uni e r s i ty he rd 

whe r e  the control population a pproa c h  for e s timating gen e c. c gah. ha d 
b e en us e d .  Hill ( 1 972b)  in hi s r evi ew of the work of L e ga L ::,  ana 

Myers  ( 1 966 ) c omm ente d: "The population (c ontr ol] ha s b e en m a un :a. m e d  

a longs ide one s elected f o r  fat yield ,  but ha s only 6 bulls  pe 1· genera.tion . 

with a bout 2 0  c ows in la ctation , s o  trends will be diffic ult to detect  

a c curately . " 

The cont rol population approa c h  for e s timating genetic ga.in ha s 

ra rely b e en made us e of in genetic studie s  of dai ry cattle popula tions .  

M os t  proba bly , the maj o r  dete r r ent of the a pp r oa c h  would be the c o s t  

o f  maintaining s pecial g roups , o f  rea s onable s i z e ,  i n  which n o  genetic 

gain i s  being made . T ha t  the c ontrol g roup ne eds to be of reas onable 

s i z e  is  made obvious by the s tudie s  of Hill ( 1 9 72a , 1 9 72b) . In a 

r eview of the gene ral the o ry and design of c ontrol populations , hill 

{ 1 9 72a )  drew attention to  the pos s ible s our c e s  of e r r o r  a s s ociated with 

thi s a pproa c h  for es timating genetic gain . The s e  a re :  RanJom 

genetic drift in the control population ; genetic trend in the c ontrol 

population a s  a r e s ult of natural s election ; genotype - envi r onrr.. ent 

inte r a ction ( diffe r ential r e s pons e of s elected and c ontrol population s 
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to envi ronmental change s ) ;  and the e r ro r  of es timation of the 

genotypic m ean on the ba s i s  of the phenotypic mean of b oth popula tion s . 

Hill ( 1 9 72b) attem pte d to a s s e s s  the impo rtance of the s e  s ourc e s  of 

e r ror thr ough an exten s ive r evi ew of s el e ction expe rim e nts , involving 

predominantly laboratory s pecie s , in which control populati ons ha d 

been us ed. It  would appea r that in d e s i gning control population s  for 

e s timating t he genetic gain in dai ry c a ttle s election prog ramm e s , the 

s ourc e of e r ro r  r equiring most  empha s is i s  that a ri s in g  from the 

e s timation of genotypic means on the ba s i s  of c o r r e s ponding phenotypic 

m eans .. The c o s t  of maintaining populati ons  of s ufficient s i z e  to  

m inimize the effec ts of  this  s ourc e  of  e r r or probably does  not jus tify 

the us e of the c ontrol populati on a pp roach.  

(3) E s timati on in non- expe rimental data . A numbe r of s tatis tical 

procedures for e s timating the a ctual g enetic change a c hieved by the 

a pplication of s el e c tion to dai ry cattle populations hav e  been propo s e d ,  

la r gely i n  r e s pons e to the limitation s  o f  the prediction and c ontrol  

population m e thods of  e s timation . 

One of the fi r s t  attempts  to e s timate the genetic c hang e in m il k  

production , unc onfounded with envi ronmental effe cts , wa s that of 

L o rts che r  ( 1 9 3 7 ) .  His procedure relied on the principl e  tha t  a c ow ' s  

genotype i s  constant and that any c hange in he r milk produc rior .. with 

tim e i s  due to a c hange in he r envi ronm ent.  Accordingly , a 

c om pa ri s on b etwe en the age - c o r r ected r e c ords of  a giv en g r oup of  

c ows in s uc c e e ding yea rs s hould reflect  the change in milk pr oduction 

r e s ulting from envi ronm ental t r end.  Onc e the contribution of the 

envi ronment to any change in the milk production of t he population a s  

a whole ha s b e en determined,  the geneti c  c hange can then be  obtained 

by diffe renc e .  Nel s on ( 1 943 )  refined the t e c lmique of Lorts c he r  ( 1 9 3 7 )  

b y  the application o f  lea s t  s qua r e s  t o  a lin e a r  model i n  whic h  yea r and 

c ow effe cts we r e  a s s umed to be  fixed.  Hende r s on ( 1 949)  dem on s t rated 

tha t  beca us e of the c ombined effect of c ow c ulling on the ba s i s  of 

la ctational pe rformanc e and the inc omplete r epeatability of dai ry c ow 

perfo rmanc e ,  the a pplicati on of l ea s t  s qua r e s  where c ow effe cts  w e r e  

a s s ume d  t o  be  fix e d ,  leads t o  bia s e d  e s timates  of yea r effects . 
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Hende rs on ' s  des c ription of the bia s wa s :  " T he c r ucial point i s  t hat  

lea s t  s qua r e s  and s imilar m e thods a re e s s entially yea r to yea r 

com pa ri s ons of r e c o rds of the s urvivo r s  of each yea r ' s  cullin g .  

The refo r e ,  i f  the s urvivors  of culling made above he rd average 

r e c o rds prior to the c ulling of  c e rtain of  their  mates , we s houl d  

expect  the s e  s urvivo r s ' records to  b e  l e s s i n  s uc c eeding yea r s  

[due to inc omplete re peatability] and c ons equently t o  make i t  appea r 

tha t  the envi ronm ent is  be c oming poo r e r  from yea r  to yea r . " 

A s ta ti s tical  de s c ription of t he bia s wa s given by Hende r s on et a l . 

( 1 9 5 9 )  ba s e d on a r guments analagous to  thos e us e d  by Lus h and 

Shrode ( 1 95 0) in dem on s trating the way in which c ulling and inc om pl et e  

repeatability bia s a ge - c orr ec ti on fa cto r s . 

I f  the c ow effects in the m odel a re rega rded a s  being random 

effects ,  applicati on of a mixed model s olution method of e s tim ation 

( Hend e r s  on , 1 949)  pr oduc e s  e s timates of yea r effe cts whi c h  a r e  

unbia s e d by culling o r  incom pl ete repeatability . T hi s  amounts  t o  

having a prior e s timate o f  the repeatability a n d ,  like the p r oc � dur e s  

of Lorts che r  ( 1 9 3 7) and Nel s on ( 1 943 ) ,  Hende r s on ' s  m ethod re q lli r e s  

that the r e c o rds b e  a g e  c o r rected befo re the analy s i s  o f  Y<'-!o.. r effects . 

The m aj or limitations of this method a r e  its s ensitivi t  h · , · r .  e r::, m 

the r epeatability and a ge - c o r rection estimates , and the e o ..-. -, " " ·, �  . .  a l  
effo rt involved when applied to  la rge s ets of data ( H ende r s o  . .  , . �  > 

H ende r s on et a l . , 1 9 5 9) .  Hende r s on s tated that :  " F o r  ea c h  po ;.;; :J.a t ..... o 

much by which fi r s t - la ctation r e c o rds a r e  built up , the envi r onm ental 

trend i s  bia s ed downwa rd by 0 .  2 2  pound per c ow per yea r .  F o r  ea c n  

0 .  0 1  by whi c h  the repeatability a ctually us ed in the e s timation 

proc e dure exc eeds t rue r epeatability , the down bia s  i s  0 .  0 8  pounds 

of fat pe r cow per yea r .  1 1  K em pthorne and von K ro s i gk ( in Hende r s on 

et a l .  , 1 9 5 9 )  developed a m ethod fo r unbia s e d e s timation o i  y ea r  effe cts  

of  whi c h  an initial pha s e  wa s the e s timation of the repeata oi�1ty f r om 
the s am e  s et of data . Sea rle ( in Hende r s on et  a l . , 1 9 59 )  p rcvcC:. tha.t 

fo r a known repeatability value , K empthorne and von K ro£iU: ' s  m ethod 

. i s  equivalent to that o riginally propos ed by Hende r s on .  A p r e ·:::. i " ··- on 
which both methods ope rate is that the data hav e  been p r evio·u. :y <i g e  
c o r rected using a c curate a ge - c o rrecti on facto r s . Rendel an d 
Robe rts on ( 1 9 5 0 )  demon s trated that  for any given s et of recor  s ,  the 
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geneti c trend and age effects  a r e  completely c onfoun d e d .  Thi s  giv e s  

ris e  t o  the impos s ible s ituation whe reby a n  e s timate of the genetic 

t rend i s  r e q uired for the a c c urate e s timation of a g e - c o r rection 

fa c to r s  w hi c h  are in turn requi r e d  to e s timate the geneti c trend.  

It ha s only b e en in rec ent yea r s  that methods for e s timating a g e ­

c o r rection factors unbia s ed b y  g en etic t r end have been developed 

(c f .  P .  D.  Miller et a l . , 1 97 0 ) .  

Sin c e  the application o f  t he m ethod o f  Hende r s  on ( 1 949) fo r 

e s timating g enetic trend m ay be p rohibitive from a c omputational 

s tandpoint , it ha s be en us e d  by c ompa ratively few r e s ea rch worke r s . 

M o r e ov e r ,  the s tudi e s  in whi c h  the m etho d  ha s been us e d  have 

involved using only few data . In  a s tudy of  the r e c ords  made by c ow s  

i n  1 2  Califo rnia he rds i n  the p e rio d  1 9 3 0  to  1 96 0 ,  A rave , La b e n  and 

M e a d  ( 1 96 4) us ed Hende rs on ' s  m ethod on an intra - he r d  ba s i s  and 

o btained a pooled e s timate of the genetic trend of 0 .  7 pe rc ent of t he 

m ean yield p e r  yea r .  The analy s i s  involved a total o f  9 ,  742 la ctati on 

r e c o rds but the highe s t  numbe r of r e c ords for any ant: he rd , and 

the refore the highest  number  for any one applicati on of Hen cie r s cr" ' s  

m ethod,  wa s only 1 6 92 . M c Daniel , Plowman and Davi s ( 1 Q6 1 )  

propo s ed that the envi rorun ental trend be e s timated on the ba s i s  L > L 

knowledge of the quantitative effe ct  of chang e s  in c orn ponentfo  o f  the 
envi rorun ent , for exampl e ,  fee ding levels , on milk p r oduct i dL . i n  
o rd e r  to  te s t  thei r propos ition , M c Daniel e t  al . ( 1 96 1 )  us ed tt.r.i s  
a pproa c h  to  e s timate the envi r onm ental t r end in a s ingle he rd 1 2 3 0  
c ow s , 462 la ctation s )  in the pe riod 1 9 5 2 - 1 9 5 8  and c ompa red the 

e s timate to that obtaine d using Hend e r s on ' s  te c hnique . De s pite the 

fa ct  that the two e s timates  of envi rorun ental trend in this  example 

w e r e  v e ry s imila r ,  the a c c uracy ,  and al s o  the utility , of the m ethod 

of M c Daniel  et  a l .  ( 1 96 1 ) ,  e s pecially in  a multi - he r d  c ontext involving 

la r ge numb e r s  of obs e rvation s , remains q ue s ti ona bl e .  The m ethod 

not only pr e s um e s  that all  the c omponents of the envi r onment a ffe cting 

milk produc tion can be i dentifi e d ,  but als o that their e ffe cts a r e  

q uantifiable .  From a practical  s tandpoint , this i s  un reali s tic . 
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A va riati on of  the c ontrol population a pproach fo r e s timating 

the genetic change in a s elected population was int roduc e d  by 

R oberts on and R endel ( 1 9 54) . The average within - he r d  producti on 

deviation (weighted by the inve rs e of the va riance of the deviation ) 

of A .  I .  -b r e d  c ows , r elative to  their naturally - bred (non - A .  I . ) 

he rdrnate s , i s  an e s timate of the genetic diffe r ence  b etwe en the two 

populations ( R ob e rt s on and Rendel , 1 9 54) . In order that the 

e s timate of the genetic trend be  unbia s ed ,  the A . I . - and non -A . I .  

b r e d  animals  s hould be  uniform ly mana g e d  and the ave ra g e  genetic 

m e rit of the dam s of both g roups m us t  b e  equa l .  In a s tudy of the 

r e c ords of 3 , 1 5 2 c ows ( 1 ,  423  A .  I . - and 1 ,  729  non -A . I . ) ,  Roberts on 

and R endel ( 1 9 5 4) dem onst rated that  A . I .  - bred animal s  and non- A . I .  

b r e d  animals  w e r e  not genetically differ ent in term s  of production . 

However , at  the time of their s tudy , A . I .  had not lon g  b een ope ratin g .  

M c Daniel and K ing ( 1 9 74) a pplied the t e c hnique s ugg e s ted by Roberts on 

and R endel (within - he r d  c ompa ris on) to  t he analy s is of a bout 

4 million lactati on r e c o rds produc e d  nati onwide in the United Sta t e s  

i n  the yea r s  1 9 5 4  to 1 96 9 ,  inc lus ive .  T he r e s ults o f  the study 

s howed (afte r  pooling the publis hed e s timates  a c r o s s  c ow a ge and 

b r e ed) that by 1 96 9 the A .  I . - b r e d  population wa s genetically s upe ri o r  

to  the naturally - bred populati on t o  the extent of 2 6 2  and l 0 l b .  of 
milk and milkfat pe r c ow ,  res pe ctively .  R e s ults from s im.ila r 

s tudies  in the United States  ( Tuc ke r ,  L e gates  and Farthing , 1 96 0 ;  

V a n  Vleck and Hende rs on ,  l 96 l a ;  and C orley , Duc kwall  and Hei z e r , 

1 96 3 )  c o r robo rate the findings of M c Dani el and King ( 1 9 74) . T he 
Fa rm Production Divi s i on of the N .  z .  Dai ry Boa rd ha s als o employ e d  

t he method o f  Robert s on and Rendel to  c ompare  the gen etic m e rit  of 
A .  I . - and non - A .  I .  b r e d  c ows . The r e s ults of the m o s t  r e c ent study 
( N .  z. Dai ry B oa rd ,  1 9 74) , involving 1 ,  2 9 8  he rds and 1 8 , 6 0 0  A .  I . ­

and 2 8 , 864 non -A .  I .  c ows have already b e en given in Table 2 .  2 .  

Although the technique of Robert s on and R endel ( 1 9 54)  furni s he s  an 
e stimate of the genetic tren d  of one g roup r e lative to t hat of anothe r , it 
does  not provide a r eliable indi cati on of the ove rall  genetic t end in th·-" 
entire dai ry c ow population . It cannot be a s s um e d  for ins tanc e ,  t hat 

the gen etic trend in the "control population" (i . e . , naturally - b r e d  c m.vs ) 
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i s  z e r o  s in c e  fa rm e r s  may follow the p ra ctice of usin g  the s on s  of 

c ertain A . I .  s i r e s  in natural mating, the offs pring of which a r e  

cla s sifi e d  a s  being naturally bred .  M o r eover , thi s  pra cti c e  m eans 

that the method of  Robe rts on and Rendel is  incapable of  producing a n  

unbias e d  e s timate o f  the true genetic diffe r ence  between A .  I . - and 

naturally - b r ed populations unle s s the latter can be s hown to have no 

A .  I .  anc e s t ry .  If the us e of their m ethod is not r e s t ricted to  the 

analy s i s  of fi r s t-lactation r e c o rds , diffe rential culling of A .  I . - and 

naturally - br e d  c ows can be  anothe r s ource  of bia s in the compa ri s on .  

Van Vleck  and Bende r s  on ( 1 9 6 1  b )  introduc e d  a modification of 

the proc edure of Roberts on and Rendel ( 1 954) whic h ,  although 

c omputationally m o r e  c omplex,  produc e s  an e s timate of the genetic 

t r end in the A .  I .  population w hi c h  i s  unbia s e d  by the genetic trend 

in the naturally -bred (non -A . ! . ) population . The m ethod pr opos ed 

by Van V l e c k  and Bende rs on ( 1 96 l b) i s  ba s e d  on the a ppli cation of 

lea s t  s qua r e s  analys is  of wei ghted contempo rary deviations obtain e d  

from fi r s t - lactation rec ords (avoiding bia s due t o  fem ale culling) 

and furni s he s  an e s timate of not only the genetic t rer"u  in the A I .  
population ( c o r rected fo r trend in the non-A . ! .  popul�· iion) , b ,n c.. ls u 

the genetic t rend in the non-A . ! .  populati on. Van V . ·c k  and 

Benders  on ( 1 96 l a )  appli ed the i r  method to  the analy s i s  of fi r s t ­

lactation r e c ords made in New Y ork State in the peri od 1 9 50  ·� o  l '7 S ) 
and dem on s t rated tha t ,  in fac t ,  genetic trend did o c c ur in t he. n on - A . I .  

population a s  well a s  in the A . I .  populati on. Although the method of  

Van Vleck and Bende rs on produc e s  an e s timate of  the genetic trend in 

both the A .  I . - and non - A .  I .  populations , it doe s  not provide an 

e s timate of the genetic trend in t he total populati on .  For  the latte r 

to  be obtaine d ,  the proportion of the dai ry c ow popula tion that we r e  

eithe r A .  I . - or non -A .  I .  b re d ,  would hav e  to be  taken into 

c onsiderati on . Like the proc edure of Robert s on and Rendel ( 1 9 5 4) , 

the m ethod of Van Vleck  and Ben de r s on r elie s  hea vily on the 

a s s umpti on that  the A .  I . - and non - A .  I .  bred c ows within a he rd 

a re unifo rmly managed and that  the ave rage genetic m e rit of the da�n s 
of t he two g roups is  equal .  
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A nun1ber of res e a r c h  workers have employed a repeat mating 

de s i gn or va riation ther e of to  e s timate the ove rall  g enetic  trend 

a ctually a c hieved by a his to ry of  s el ection in a population . E ffe ctiv ely , 

the r epeat mating m et ho d ,  fi rst  propos ed for poult ry populations by 

G oodwin , Dicke r s on and Lam o re ux , ( 1 9 5 5 ) and elaborated furthe r by 

Dic k e r s  on ( 1 96 0 ) , gen e rates  a genetically c onstant c ontrol populati on 

through the replication of equivalent genotypes in s uc c e s sive yea rs .  

Thus , the genetic  trend can be  e s timated us ing the s am e  principl e s  a s  

the c ontrol populati on approach already des c ribed.  The ba s i s on 

w hic h repeat mating m ethods depend is that the g enotype of an animal  

i s  con s tant ove r  tim e and the r efore , the progeny produc ed by r e peated 

matin g s  of  two pa r ents in  different yea r s  have the s am e  expected 

genotypic mean . The m ethod initially propo s e d  by G oodwin et a l . 

( 1 9 5 5 )  r e lied on the a s s um ption of no age c hange in pa rental influenc e  

on progeny pe rformance s uc h  a s  mate rnal a ge effe cts . Dic ke rs on 

( 1 9 6 0 )  gave a m odificati on of the repeat mating method of Goodwin 

et a l .  ( 1 9 5 5 )  which a llows the genetic trend t o  b e  e s timated f r e e  of 

mate rnal age  effects . The c ontrol populati on app r oa c h  fo r e s timating 

geneti c  tren d ,  in whi c h  it i s  n e c e s s a ry to a s sume no genetic c han ge 

due to natural s el ection or  random genetic drift in the c ont r ol 

population wa s de s c ribed e a rli e r .  In contra s t ,  thi s  a s s um pti on i s  

unne c e s s a ry when e s timating genetic t rend on the ba s i s  of a c ont r ol 

population which has be en g ene rated by a repeat mating method 

( Dic k er s on , 1 9 6 0) • 

A s tudy of the us efuln e s s  of the fi r s t - la ctation r e c o r ds of full a nd 
half s i s t e r s  for e s timating the genetic trend in a dai ry c attle populati on 

by Burns ide and Legate s ( 1 96 7) wa s ,  in effe ct , an exam ple of the 
a pplication of the principl e s  of the repeat mating m ethod to a. s itua ti on 

in whi c h  matings  were  not delibe rately plann e d .  F r om a total of 

3 4 , 3 80 fi r s t -la ctation r e c ords  made in 3 3 5  he rds in the pe riod 1 9 5 3  
t o  1 96 1 ,  Burn s ide and Legates  ( 1 96 7)  gene rated three categories  of 

data . T he s e  we r e :  The r e c ords of half s i s te r s ; the r e c o rds ;:,{ :.'ul! 
s i s te r s ; and the re c o rds of a ll animals . The half-s iste r data include d  

the la ctati ons of daught e r s  o f  only thos e s i r e s  which w e r e  us e d  1 r, a t  

lea s t  two yea rs ; in the ca s e  of  the full-s i s te r  data thi s  requirement 

wa s a utomatically s atis fi e d .  Burns ide and L e gates  ( 1 96 7) obtaine d  
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l ea s t  s qua r e s  e s timates of yea r effec t s  from ea c h  s et of data usin g  

a m odel  i n  which all  effe ct s , including s i re effects , were  a s s um e d  

to  b e  fixed .  Thei r jus tificati on for a fixe d  model wa s :  1 1  

s ince  inte r e s t  c entered on the e s timation of genetic tren d  in the 

pa rtic ula r group of he rds s tudied .  11 R e g r e s sions of weight e d  

e s timate s o f  yea r effects o n  time pro duc e d  estimates  of: The 

environm ental trend (full-s ister  data) ;  the envi ronm enta l t r end 

plus one - ha lf the genetic t rend ( half-s i s t e r  data) ; and the envi ronmental 

t rend plus the gen etic trend ( c omplete data ) .  The s e  regre s s i ons give 

ris e  to ·two e s tima t e s  of genetic trend and in the data of Burn s ide and 

Legates , in the c a s e of  milk production , the s e  we r e :  0 .  7 5  p e r c ent of 

the m ean p e r  yea r ( obtained from diffe ren c e  betwe en the c omplete and 

the full-s i s t e r  r e g re s s ions ) ;  and 0 .  9 2  pe r c ent of  the mean pe r year 

( obtained from twi c e  the diffe r en c e  betwe en the c om pl ete and the ha lf ­

s is t e r  r e g r e s s i on s ) .  E s timates  of the full-s ister  r e g re s s i on and 

the refo r e , e s timates  of the envi r onm ental t rend ,  a re bia s e d if the 

production performanc e  of a fi r s t  (younge r)  full s i s t e r  dete rmin e s  the 

exi s tenc e  of more full s i s t e r s  with c ompl eted lactations . 

The a ppli cation of the half-s i s t e r  method of Burn s ide and L egat e s  

( 1 9 67)  t o  the analy s i s  o f  62 5 fi r s t - la ctation r ecords made i n  a Jer s ey 

he rd in the period 1 9 3 1  to 1 96 8  by Palm e r ,  Wilcox , M a rtin , V e rde and 

Ba r rant e s  ( 1 972 ) , pr oduc ed e s timate s of genetic tren d  of 1 .  3 pe r c ent 

and 1 .  0 p e r c ent of the m ean production fo r milk and milkfa t ,  

r e s pectively . Simila rly , V e rde , Wil c ox ,  M a rtin and R eav e s  ( 1 9 7 2 )  

us e d  the technique to e s timate the g enetic t r end in 1 8 1  Florida he rds 

in which A. I .  had b e en us e d .  A total of 4 ,  7 79 fir s t - la ctati on r e c ords  

w e r e  analy zed and the e s timate s of  genetic t rend in  milk  and milkfat 

production ( a s  a perc entage of the m ean) va ried a c c o r ding to  b r e e d: 

Hols teins 0 .  6 9  and - 0 .  3 8 ; Je r s ey 0 .  6 9  and 0 .  8 2 ;  and Gue rns eys 2 .  8 3  

and 1 .  9 ,  r e s pe ctively . The validity of a s s uming a fixed effe cts  m odel 

when applying the metho d  of Burns ide and Legates , pa rticula rly with 

r e s pect to s i r e  effects , is que s ti onable .  Thi s  is  e s pecially s o  in the 

c a s e  of the s tudy of V e r de et a l .  ( 1 9 7 2 )  in which the r e c o rds of A . I . ­

b r ed anim a l s  w e r e  analyzed.  
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In a rtifi cially - b re d  dairy cattle population s , full s i s t e r s  a r e 

r a r e  s o  that  e s timating the genetic t r end us ing the full-s i s t e r  

c ompa ri s on a pp r oa c h  ( B urns ide and L e ga te s , 1 96 7 )  i s  likely to  be  

impra cticable in  A .  I .  populati ons . The data analy z e d  by B urnside  

and Legates w e r e  d e rived mainly f r om r e gistered naturally - br e d  

animals with v e ry f e w  A . I .  -bred  animals  repres ented .  It  i s  

p roba ble  that  full s is t e r s  i n  a n  A . I .  population a r e  the progeny of 

s el e cted r epeat m a tings , in which ca s e, the i r  lactati on r e c ords  a r e 

of little us e in e s timating the geneti c  t rend becaus e of the bia s a l r ea dy 

m entioned.  

Hickman and F r e eman ( 1 96 9) o utlin e d  a mating plan s uitable for 

s m all populations whe reby the frequency of full s i s t e r s  r e s ulting from 

random matings  is  maximized without a g reat los s of genetic change 

t hr ough having a herd s tructure which involv e s  the us e of a c ontr ol 

population f o r  m onito ring genetic t r end.  In a comm e rcial dairy cow 

population , pa r ental mis - identification m ay oc cur r e gul a rly and i s  

likely to effe ct  the ac cura cy of e s timates  of genetic trend derived from 

a full-s is ter  c ompa ris on to a g reat e r  extent than tho s e  obtain ed f r om 

the half-s i s te r  method s ince the latter  only r equires  ha lf the pa r ents 

(the s i r e s )  to  be identified.  The half-s i s te r  method for e s timating 

genetic trend as o utlined by B urns ide and L e gates ( 1 96 7) is a 

modification of a procedure s ugge s ted ea rli e r  by Smith ( 1 9 6 2 ) . 

The e s timation of the genetic t rend a ctually a c hi eved in a dai ry 

cattle population in whi c h  A .  I .  i s  us e d  i s  fa cilitated by the oppo rtunity 

for  gene rating hal f  s i s t e r s  over a numbe r of yea rs .  It s hould b e  

n oted that s in c e  the genotype of a s i r e  i s  con s tant , c han g e s  i n  the 

genetic m e rit of his daughters  born in different yea r s , repres ent 

one - ha lf the genetic trend in the popul ati on. Since  cattle s em en 

( gam etes )  c an be stored fo r long p e riods of time , it i s  pos s ible to  

a r range fo r the progeny of  sires  r ep r e s enting diffe rent gene rations 

to be contem po raneous ly c ompa r ed the reby providing an e s timate of 

genetic t rend ( Di c ke r s on ,  1 96 0 ) .  The form ula giv en by Dic ke r s on 

for es timating the annua l  genetic tren d  using s uc h  c ompa ri s on s  

r equires  the age  diffe rence between t he two groups  of s i r e s  to b e  

known . A va riant o f  Dic ke r s on ' s  m et hod which d o e s  n o t  requi r e  

knowledge of  s i r e  a g e s , in orde r  tha t  the annua l  g enetic trend can 
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b e  e s timated ,  wa s us ed by C a rte r ( 1 96 9) .  I n  a s tudy involving only 

fir s t-lactati on r e c o rds , C a rte r ( 1 96 9) o btaine d  an e s timate of the 

genetic trend in a New York S tate dairy c ow population f rom a 

c om pa ri s on of the average p roduction s uperiority of groups of half 

s i s te r s  s i r e d  by the s am e  bulls at  two points in time . C a rter  

e s timated the production s upe riority of  the daughters  of  1 9  young 

bulls  randomly s ampled in A .  I .  for the fi r s t  tim e to be 2 7 6  lb . of 

mil k .  After  a lay - off period of five y ea rs  the bulls  we r e  brought 

ba c k  into s e rvi c e .  T he e s timated production s uperiority o f  the 

daught e r s  s ir e d  s ub s equent to the r eturn of the bulls to s e rvic e wa s 

found to  be 1 5  l b .  of milk. A s  the two g roups of daught e r s  a r e  half 

s i s te r s , the genetic c hange ove r  the five -yea r pe riod s tudied  by 

C a rt e r  was 522 l b .  of milk (2 x ( 2 76 - 1 5 ) or a lte rnatively , about 

1 04 l b .  of milk pe r yea r .  

Smith ( 1 96 2 ) int roduc e d  yet anothe r procedure whi c h  reli e s  on 

the s pread of half s i s t e r s  ove r  yea r s  for e s timating genetic trend . 

The technique outlin e d  by Smith is  pa rticula rly s uited to the e s timation 

of gen etic trend from large num b e r s  of ob s e rvations whi c h  have been 

de rived unde r c omm e rcial c onditions and c on s equently , it ha s be en 

employed by many r e s ea r c h  worke r s . Although va riants of the one 

p rinciple , Smith ( 1 96 2) outlined two m ethods fo r e s timating genetic 

c han g e .  One of the s e ,  namely , the e s timation of geneti c  trend from 

twi c e  the diffe rence b etwe en the regre s s i on s  of the population and t he 

pool e d  within- s i r e  progeny performan c e  on tim e , ha s  already been 

d e s c ribe d when r evi ewing the wo rk of Burn s ide and Legates ( 1 96 7 ) . 

(In this  latter  s tudy , lea s t  s q ua re s  e s timate s of yea r effects e s timated 

the populati on and p r ogeny pe rforman c es . ) Howeve r ,  of  the two 

m ethods outlined by Smith ( 1 96 2 ) , the one with the m o s t  utility a s  fa r 

a s  dai ry cattle population s  a r e  c on c e rned i s  that whi c h  e s timates  the 

g en etic t rend from :  " • • . • twic e  the pooled  within- s ir e  regre s s i on on 

time of the diffe r ence between the popula ti on and the individual s i r e  

m eans • •  " The m o s t  s uitable population to which the da ught e r s  

o f  a dairy s i r e  c an b e  c om pa re d  i s  a within- he r d  fi r s t- la cta tion 

c ontempora ry average .  Not only does the us e of a fir s t -la ctation 

c ontempora ry average  minimi z e  e r ro r s  r e s ulting from envir onmental 
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fluctuation s , it  als o  avoids bia s es due to c ow culling , o r  inc on · e ct 
a g e - c o r r ection fa cto r s , or  both. 

E s tima t e s  of genetic t rend obtained from the a pplicati on oi" a.ny of 

the m ethods which utili ze the c hange in the productive perform an c e  of 

half s is ters  ove r tim e ( Dic k e r s  on, 1 96 0 ;  C a rte r ,  1 9 6 9 ;  and Smith,  

1 96 2 )  will b e  bia s ed by non - random mating in the population . F o r  

ins tan c e , if older s i r e s  ten d  t o  b e  mated t o  older c ows the e s timates  

of the g enetic t rend are  bia s ed downwa rds . (In a populati on whe r e  

the re i s  a positive genetic trend , the genetic m e rit o f  the olde r c ows 

tends to be below ave ra ge and s in c e  the genotype of a given s i r e  i s  

fixe d ,  the pe rformance  of hi s p rogeny from such matings will 

r e p r e s ent l e s s than the total gen etic change in the population .  T he 

extent of thi s bias i s  pa rtially offs et  by the pra cti c e  of culling fem a l e s  

o n  the ba sis  o f  earli e r  pe rformanc e . ) If  the inb r e e ding c oefficient of 

the population is inc rea s in g ,  the proc e dures  which e s timate geneti c  

trend on the ba sis  o f  half-sis te r pe rfo rmanc e ove r tim e ,  pr oduc e 

downwa r dly bia s ed estimates  ( Hill , 1 9 72a ) . 

In the outline of his te chnique , Smith ( 1 96 2 )  drev. attent1on to the 

potential bia s r e s ulting from the s ele ction of the s i r e s  u s ed in a numbe r 

of y ea rs on the basis  of the pe rfo rmanc e of their ea rli e r  progeny.  

( T he bia s is  due to a regre s s i on to the m ean in the s ub s eq uent prog eny 

of the s el ected s i r e s . )  Howev e r , if the r e c o rds of p r o geny fr orr. ,Jefor e 

and afte r the point at whi c h  the s ele cti on deci s i on i s  m a de a re anaiy zeci 

s e pa rately , both may provide an unbia s ed e s timate of the g e n e tic  t r tnd 

(Smith, 1 96 2 ) .  An alte rnative a pproa c h, us ed by Sy r s ta d  ( 1 96 6 ) ; i s  

t o  a djust the e s timate of the g enetic tr end by a n  e s timate of t he bia s 

r e s ulting from s i re s electi on . I t  i s  worth noting tha t Smith ' s -. .1 e t:--1.::>d 
for e s timating genetic trend i s  v e ry s imila r to that propo s e d  by 

Van Vle c k  and Hende r s on ( 1 96 1  b) . Van Vleck and Bende r s  on t:! s tim ated 

genetic change us ing weighted c ontempora ry deviation s of A .  I .  
c om pa r e d  with non-A . ! .  bred animals .  If  the deviati ons a r e 
calculated on a within - he rd x s i r e  s ubcla s s  ba s i s  and r e g r(; S  :::� e · on 

t:iln e ,  the m ethods a r e  equivalent. 

S om e  of the e s timates of geneti c  trend tha t  have been ob' . .  · (' G.  

from the a ppli c ati on of the te c hnique of Smith ( 1 96 2 )  have a b · ca J) oe , , . .  
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n ot e d  {Ac ha rya and Lus h ,  1 96 8 ;  Burnside and Le gate s , 1 9 6 7 ;  and 

L e gate s ,  1 9 7 1 ) . U s in g  Smith' s  technique , A rave et a l .  { 1 96 4) 

e s timated the geneti c  t r end in fat - c or r ected milk yi eld in a s ingle 

C a lifornia Jer s ey he rd in the pe riod 1 93 2  to  1 96 2  { 1 ,  6 92 mature ­

equivalent r e c or ds ) to  b e  0 .  7 perc ent of the he r d  m ean pe r yea r .  

S imi la rly , Syr s ta d  { 1 96 6 )  obtained a n  e s timate of the genetic t r end 

in milk yield in Norwegian cattle from the r e c o rds of c ows milked 

in the p e riod 1 9 5 7  to 1 964 { 5 5 ,  200 records of  3 - , 4- and 5 -yea r - ol d  

c ows ) o f  0 .  6 pe r c ent of the population mean pe r yea r .  After  pooling 

the e s timates of geneti c  trend pr oduced by three variants of Smith' s 

m etho d ,  Ha rville and Henders on { 1 96 7) e s timated the genetic t rend 

in milk and milkfat production of Hol s tein s milked in New Y o r k  State  

in  the pe riod 1 9 56  to  1 96 2  to be 0 .  75  and 0 .  65  pe r c ent of the m ean 

per yea r ,  res pectively .  Hil lers  and F r e eman { 1 9 6 6 )  als o us e d  

Smith' s technique a n d  e s timated the genetic trend in milk and milkfat 

p roduction from the r e c o rds of c ows milked in 76 C alifornia dai ry 

he rds in the pe rio d  1 95 1  to 1 96 2  to be 0 .  2 6  and 0 .  24 perc ent of the 

m ean , r e s pectively .  T he a pplication by Gus tafs on { 1 9 70)  of Smith' s 

m etho d  to  the r e c o rds of 1 1 9 , 0 0 3  Swedis h cattle ( of a l l  a ge s )  milked in 

the pe riod 1 9 59  to 1 96 9  produced an e s timate of the geneti c  tr end in 

fat - c o r r e cted milk yi eld of approximately l .  0 pe rc ent of the m ean p e r  
y ea r .  Ha r grove and L e gates  ( 1 97 1 )  s tudied fi r s t - la ctation r e c o rds oi 

c ows milked in South- eas tern regions of the United States in the pr riod 

1 964 to  1 96 9  and,  us in g Smith' s te c hnique , e s timated the genetic t r end 

in milk production , as a p e r c entage of b r e ed m ean , for Hols teins and 

Je rs eys to  be 0 .  84 and 0 .  6 3 ,  re s pe ctively .  The c o r r e s ponding 

e s timates  for milkfat yield w e r e  0. 64 (Hols tein s )  and 0. 45 ( J e r s eys ) .  

The e stimates of geneti c  trends a ctually a chi eved in dairy cattle 

populations cite d in thi s  r eview a re con s i s tently lowe r than thos e 

that  have been predicted from a knowledge of the genotypic and 

phenotypi c pa ramete r s  pe rtaining to individual s ele ction prog ramme s .  

This feature of failing to a c hieve expe ctati on in genetic trend , ha s 

b e en dem ons trated in s ele ction s tudi e s  wit h  othe r s pe cie s ,  fo r exam ple , 

m i c e  { Falcone r , 1 9 5 5 ) although, C ha pman { 1 9 7 3 )  noted that  the re ha s 

b e en rea s onable a g r e em ent  betwe en e s tim ates  of a ctual and expected 

genetic t r end in s ingle - trait s el ection studi e s  with s heep .  As fa r a s  
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c omm ercial dai ry cow populations a re con c e rned ,  a po s s ible  r ea s on 

for failing t o  a c hieve the expected e s timate s of genetic trend r elat e s  

t o  the fa ct that  productive pe rforman c e  m a y  not be  t he s ol e  c riterion 

that  i s  u s e d  by fa rm e r s  in ma king s el e ction decis i on s . T he s tudy of 

P. D. Mill e r  ( 1 96 9 ) points to the delay between c onc e ption and the 

tim e when p rog eny have their  fi r s t  lactation as being a maj or pa rt 

of the r ea s on why expected and a ctual e s timates of genetic trend may 

not c oincide . Predicted e s timates  of genetic t rend a r e  ba s ed on 

e s timated gen etic s election diffe r ential s  in the pa r ental gene ration , 

wher ea·s estimates of a ctual gen etic t r end a r e ba s ed on prog eny 

p e rfo rman c e .  In a dai ry c ow population whe re genetic trend doe s  

occur , the pe riod of four yea r s  b etwe en c onception and the c ompletion 

of t he fi r s t  la c tation of the heif e r  m eans tha t ,  relative to a p r e dicted 

e stimate of  the g enetic t rend , an e s timate of  gen etic t r en d  a ctually 

a chieved which i s  ba s ed on prog eny pe rformance i s  effectively four 

yea r s  "out - of- date " .  In a s imila r vein , Van Vleck and Carter  ( 1 97 2 )  

not e d  that  e s timates of daught e r  s upe riority (gen etic value) obtained 

from pedigree information were " s ubstantially hig he r  " 

than e s timates  ba s ed on t he daught e r ' s  p e rforman c e .  
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M E T H O D S 

I .  ESTIMA TIO N O F  GE NE TIC TREND 

E stimates of  genetic t rend were obtaine d from the a pplicati on 

of two diffe r ent m ethods both of which a re va riants of the t e c hnique 

o ri ginally propos ed by Smith ( 1 96 2 ) .  The mathematical de s c ription 

of Smith' s approa c h  is : 

G en etic t rend = - 2 b( P-S ) T  • ( 1 )  

whe r e :  b = the pooled within - s ire  regre s sion c oefficient.  

( P-S )  = the deviation of the progeny ave rage (S ) from t he 
population average ( P) ,  obtained on a within - y e a r  

ba s i s  to ove rcom e  the effec t s  of yea r - to -yea r 

va riati on in the envi ronm ent on the e s timate of t he 

geneti c  t r end.  

T = tim e  (yea r )  in whi c h  the deviation wa s cal culat e d .  

I n  populations  whe r e  the genetic trend i s  pos itiv e ,  the s ign of the 

r e g r e s s i on coefficient in equation ( 1 )  i s  n egativ e ;  hence  the n e e d  for 

t he minus s ign in the right -hand- s ide of equation ( 1 ) .  

In data derived from a multi - he r d  dai ry c ow population , 

environm ental variation fr om he r d- to-he r d  a s  well a s  yea r -to -yea r ,  

if n ot tak en into a c c ount will effect  the a cc ura cy of the e s timate of 

43 . 
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g enetic trend.  I f  the population average in equati on ( 1 )  i s  r e pla c e d  

b y  a herdtnate average , s o  that the deviations a r e  then calculated on 

a within - yea r ,  within - s i r e  x he r d  s ubcla s s  ba s i s ,  the effects of b ot h  

t hes e s ourc e s  o f  envi ronmental variation o n  the e s timate of gen etic 

t r end a r e  minimi zed .  Howev e r ,  if the he rdtnate ave rage s a r e  

de rived from the r e c ords of cows of all a g e  groups , the data  must  

be  age c o r r ected.  In C hapte r  2 ,  it wa s noted that ina c curate a g e  

c or r ecti ons o r  the culling of femal e s  a r e  both s ourc e s  of bia s when 

s ec ond and late r  la ctati on r e c o rds a r e  included in her dtnate average s .  

Sin c e  the pres ent s tudy involve d  the analy s i s  of fi r s t - la ctation r e c o r ds 

only ,  the s e  s ourc e s  of bia s were  a utomatically eliminated.  

A.  M ethod One 

G en etic t r end/yea r = - Zb(C -S ) T  

whe r e :  d . . k lJ 

t . " k  lJ 

= 

= 

= 

l: L  [f dij ktij k - (� dijkt ( t tijk )l i j 

- 2  

L r: f z 
- {� \jJ z J i j k 

t
ij k 

n 

• • • ( 2 )  

the ave rage deviation o f  fi r s t - la ctati on 

daughte r s  in the ijth s ire  x he r d  s ubcla s s  from 

the average of their contempo raries  ( C )  in the 

kth y ea r .  

t he kth yea r i n  which the deviati on of daught e r s  

in the ijth  s i re x he r d  s ubcla s s  wa s calculated .  

n = the numbe r of yea rs  in whi c h  deviations of the 

ijth s ubcla s s  we r e  able to be calculated .  

The s tanda rd e r r o r  o f  an e s timate of genetic t rend produc e d  by the 

a pplic a tion of equation ( 2 )  wa s calculated using the formula : 
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i j [L: 2 \l: ' ) 2 ] k dij k - k :ijk 

- b {C -S } T  
l 

I _j 
where:  b(C -S ) T ,  d

ijk,  
t
ij k and n are  as  define d  in 

equation (2) 
and whe r e :  N = t he S Uill of n ove r a ll s ire  x he r d  s ubcla s s e s .  

Hickman ( 1 97 1 )  noted that  the a pplicati on of m ethod one to  e s tirr .. at . 

genetic trend " • • •  i s  complicated by the fact that the a ctual an d 

r elative nmnbe r of da ug hte r s  and contem pora ries va ries  ov e r  tim e 
C ons equently , he s uggested the employm ent of the weighting pro c e du. : e  

devis ed by Robert s on et al .  ( 1 9 56 )  to p revent daught e r  deviahon::; f r o1n 
large or small numbe r s  of c ontempora ri e s  having an undue effect on 

the regres s i on c oefficient. The appropriate within -yea r and s u e  .>C 
he rd s ubcla s s  weighting fa ctor derived by Robe rts on et a l .  ( a )  i s :  

(a ) Va rian c e  ( d  . .  k) lJ 

�n x n � C . . k S . ' k - lJ lJ w
ijk 

-
n + n 

= 

C · · k S · · k lJ lJ 

lJ 
( s . . k 

Va rian c e  n--
S . . k lJ 

n + s . .  k lJ 
n 

c . . k lJ 

c . ' k \ lJ ·. 

--- · 
n ; cij k i  

which, if the two g roups  = 
a r e  independent: n x s . . k 

n 
c . . k lJ 

Va ria . c e  of 
indivi ciual r e C ( L  -: "�  

where :  

lJ 

S . . k and C . 'k 
a r e  the S Uill S of daughter and lJ lJ 

c ontemporary yi elds in the kth y c c.  ·· .: ..:: s p•'" �: ·. : ... . ; 1 ·. 

Sin c e  the va rianc e  of individual r "' '' •. :::- ds .d �� •)n s : :a  .t 
t he inver s e  of the va rian c e  (d

ijk
} v h- O!'!.". e s 

given in the text . 

� . d. ... l -.. 



where:  wijk 
= 

46 . 

t he inve r s e of the varian c e  of the deviati on 

d . .  k 1J 

n = 
c . .  k 1J 

t he numbe r of c ontempora ries  in the jth he rd 

to which t he daughters of the ith s i r e  w e r e  

c om pa r ed i n  the kth yea r ( excluding t he 

r e c o rds of the s i re ' s  daught e r s ) 

n = s . . k lJ 
the num b e r  of daughters of the ith s i r e  in 

the jth he r d  and kth yea r on which the 

average deviati on d . . k 
i s  ba s ed .  lJ 

Therefo r e ,  Hic kman propo s e d  that the g enetic trend b e  e s timated 

us ing a pooled within- s i re r e g re s s i on of weighted daught e r  deviations 

from contempora ry ave rages on time (as  oppos ed to t he unweighted 

deviation s u s e d  in method one) .  

B .  M ethod Two 

G enetic t r end/yea r = - Zwb( C -S ) T  

whe r e :  

= - 2  

� � Lk w . .  k d . . . c • .  k (I:k w. . . ·:. . .  \ ; 4=t 1 J 1J lJ K lJ - l J :'- �- F · \ K 
--- -· --'-' '---

· � 
k 

w
ij k 

- ffw
ij k \j k ) 2 

�w
ijk 

w. " k  
d . .  k 

and t . . k 
a re a s  previous ly define d  in the text . lJ ' 1J 1J 

The s tanda rd e r ror of an e s timate of genetic tr end produc e d  by 

the a pplication of equation (3 )  was calculated  us ing the i:::;rmula :  

.:.. 
.... _ ,  
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Std. E rror  = 2 

?=k w. " k- 2 �[ k w . . kt�. k-\kiw . . kt . . -� z ; ·' ; C - S ) T :  

1J 1J 1 J 1J lJ lJ lJ t<. 
I 

�wijk J 
w he r e :  wb( C -S ) T ,  wij k , dij k and tij k a r e  a s  previous ly aei: n e c  . . 

I f  the s i r e s  have been s elected fo r b r e e ding on the ba s is of ·che 
p r oductive pe r formanc e  of the i r  ea rli e r  progeny ,  the e s tima '_ ,o : : ' 

genetic trend obtaine d from the appli cati on of eithe r m ethod on e . · � 

m ethod two , will be bia s ed .  In line with the s ugg e s tion 0 .. ::::. -

( 1 96 2 ) , pa rt of the bia s wa s eliminated by excluding f r om � ;  · 

t he r e c ords of progeny s i re d  prior to the point at whi c ·:-
decis ion is  us ually made . The r efore , the records  ·:lf ' .  
in s i r e - provin g he rds were  di s rega rded s in c e  it i s  the s  

l a r g ely dete rmined whethe r o r  n ot the bul l s  repres ente .· 

w e r e  included in the p roven bul l  team fo r us e in A .  I .  

non - A .  I .  s i r e s , the bia s due to s i re s el e ction i s  not � i K �· 
important. E ven though a bull ha s ente r e d  the pro" en :.. L •• 

/ 
• .._I •• · 

s i r e  s ele ction s till occurs thr ough a progre s s ive tyt- -"  . f ::- .  c 

.,. '· • 

.. .. . 

on the ba s i s  of progeny pe rformance  to allow new bu.i.i � • . . : . ·  

t eam . The bia s due to  thi s caus e i s  diffi cult to elir - � ;; , c 

E s tima t e s  of genetic trend produc ed by m ethod 0� � -=  <· :·. · , _  ·< r.c 
two a re bia s ed by non - random mating of s i r e s  and darn s , �. o. : :. c ul.c. ·,· · 
a c ro s s  cow a ge groups ( e .  g . , olde r s i r e s  mated to  older ( . .  
The bia s ha s a l ready been dis c us s ed in C hapter 2 .  I f  �r: � ;:; - . .__: . _ _  l 

t r end e s timate s a re ba s ed on the regre s s i on of a within- ..:.. ; ./ "-· e:. ·• .-. .  i ·::. 

wit hin - s i r e  x he rd s ubcla s s deviati on on time , the bia s d· .... c:: � o  : .. .-.... 
random mating in dai ry he rds will , to a large exte.1t , be ::. v e  . :.! r (.! 

although t hi s  wa s not attempte d  in this s tudy . 



T he poole d  intra - s i re r e g r e s s ion can only be calculated if 
individual  s i res  a r e  repres ente d  by daughter deviation s frorr1 

c ontempora ry ave rages  in at  l ea s t  thr e e  yea rs .  If the deviati on s 

for a pa rticula r s ire a r e  obtained from a differ ent he r d  ea c h  yea r ,  

the e s timate of the g enetic t r en d  i s  confounded with g eneti c 

diffe r enc e s  between the he rds . Thi s  problem can be ov e r com e ,  

a s  in thi s s tudy , by r eq ui ring a s i re t o  b e  r e pr e s ented within 

individua l  he rds on at l ea s t  thre e  oc c a sions s o  that the g enetic 

t rend is e s timated on the bas i s  of a pooled within- s i r e , within - he r d  

regre ssion o f  daughte r deviati on s  on tim e .  

II.  SIRE EVALUA TIO N BASE D ON A MIXE D MO DE i... 

In thi s  s ection a technique whi c h  provides an e s timate of the 
genetic m e rit of individual  s i r e s , togethe r with their s ub s eq , � t · n L  

ranking , and which i s  unbia s e d by g enetic t r end or  d � ,  : e �  e;;t: '"" · 
average me rit of the he rdmates  to which the da ug hte �  :=; of . � · . .  

a r e  c om pa r ed , i s  de s c ribed.  A general explanati on ot l •  .. . ·c 1-:� c. (l  
wa s given by Lent z e t  al .  ( 1 96 9 ) whilst  i t s  details ha v e  b e . 

elucidated by Hende r s on ( 1 9 7 3 )  and K e own ( 1 974) . :n ·.h1. :::. , · .. - )  

the m odel upon which the m et hod i s  ba s ed was made m o r ' .;., I"' f. _  . . . · 
t o  the New Z ea land s ituation and wa s applied to the t :dite d-)1 • .  

( defined in C ha pter  4 ) .  

T he m odel us ed wa s :  

whe r e :  y
ij kl 

= g . + s . . + hk + e . .  kl 1 lJ lJ 

= the fi r st - la ctation record  ;:nade 1 ·: t .  

year by the lth da ught e r  of the J t :. s ·:- ,· 
belonging to the ith s i r e - g roup. 



g. = the effect  of the ith s i r e - g r oup t tc:.. t; . · · . ·· :-1 
include the overall m ean .u) wh.:- · 

gr ouping i s  ba s ed on the yea r �: 

':. ·- '-· .:..: 

fi r s t  repr e s ented by a daughter  wit .h  : 

la ctation r e cord.  G roup effects a e s  · .r n e ri 

to  be fixed effe cts . 

s . . = the effect of the jth s i r e  of the ith s i r e - g ::--oup. lJ 
Sire effe cts a r e a s s umed to be random effec t s  

dis tributed with z e r o  mean and va rian c e  ra-2 
hk = the effect of the kth he rd-yea r .  

s 

Herd-yea r 

effects a re cons ide r e d  to be  random effects  

di s t ribut e d  with mean zero and va ri<- -:-H.: e I� 

eijkl = the random e r ror effect unique to t ne lth 
daught e r  of the jth s i r e  in the ith s : :: e - g �� -.il...'f> 
in he r d-y ea r  k .  E rror effe cts  a r •' .. :-; · : :... .:>ut e d  
with m ean zero and va rianc e  1 0'2 e 

It i s  a s s um e d  that  the va riable s  in the model  a re unc o r r ela u 

Through the grouping of s i r e s , the b r e e ding val, ·: e of ea ch ·;·! r s 

e s timated r elative to tho s e  whi c h  belong to the s am e  :;: o u--. .  

T he r efor e ,  by a r ranging for s i r e s  t o  b e  g r ouped a c e  J r  c· :_r. · �- • 

.. :· . �e tim e s cale  (in thi s  ca s e, tim e of fi r s t  us a ge ) , the b_af 

t r end i s  eliminate d.  The s t r en gth of the mixr:-d m od - .- ' 
s i r e  evaluation is  that  s i r e s  a re eva luated on thl' ba s � s -

indi r e ct c om pa ri s ons  with one anothe r on an individua l  ,J 

the us e of he r dmate avera g e s  or  va riati ons thereof is  "-'-"' 

T he refor e ,  bia s e s due to  factors  s uc h  as unequal g er; e 

the he rdmate s  of daught e r s  of the s i r e s  a re automatic .:: 

T he mixe d  model A can b e  r e -written in mat rix :-. o �  

Y = Xb + Z u  + e 

: I . 

whe r e: y i s  a known N x 1 vector of fi - s i. - : " .  

X 

records . (N i s  the tote. . nun-. b • ., .-

i s  a known full - rank N x p in c id c. :  

the fixed effec t s  of the m odel . 
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b i s  an unknown p x 1 vecto r of the g r oup 

effects .  

Z i s  a known non-full - rank N x q incidence 

matrix of the random effects of the m odel . 

(q  i s  the c ombined numbe r  of s i r e  and he rd­

yea r effe cts . )  

u i s  an unknown q x 1 vecto r of the s i r e  and 

he r d-yea r effects of the m odel . 

e i s  an unknown N x 1 vector  of e r ror  effects 

als o a s s umed to b e  random effe cts . 

T he approp riate expected value s for this  model a r e :  

whe r e :  

whe r e :  

E (u) = E ( e )  = 0 

• E ( Y) = Xb 

E (ue ' )  = 0 

E (b e ' )  = 0 

E (uu' ) = n<f e 

(u  and e a re v e ct o r s  of random 

effect s . ) 

(u  and e a r e  a s s um ed t o  be 
unc o rrelated. ) 

(b and e '  a re a s s um ed to b e  
unc o rrelated . ) 

na-2 i s  the va riance - c ova riance matrix :)J ·-·· r � n -.  - -- - - ­
e 

effect s of the m odel apa rt from e r r o r  effec :s , 

E ( e e ' )  = R� 

Ra-2 i s  the varian c e - c ova riance matri}: v f  r. r:  .. .:. 
e 

effects of the m od el .  



� l . 

It i s  n ot difficult to dem onstrate (b )that the varianc e - c ova riC..! i.C " 
matrix of the obs e rvations (lactation r e c o rds ) r epre s ent e d  oy t iJ.e 
vector Y i s : ( Z DZ '  + R) dl e 

If  the M ethod of Mixed M odel S olution (MMS ) ( Hende r s on,  1 9 7 3 )  

i s  applied to  m odel ( B) ,  the r e sultant normal equations a re :  

= • . • { 4)  

whe r e :  'b and 'fr a r e  e s timate s o f  b and u ,  r e s pectivel.y .. 

All other matri c e s  a r e  a s  previous ly define d .  

The s a lient details on which the derivation of  equations { 4) a r c> ba ." ': : . ,  

a r e  given in the n ext s ub - s ection . 

-------------------------- - · . - · -- - · . . . . .  

(b) V a rianc e - cova rian c e  (Y)  = 

= 

= 

= 

= 

E [ Y-E(Y ) ] 

E [ Zu + e J 

E [ Zuu' Z '  + 

E [ Zuu' Z '  J 

[ Y -E { Y )  

[ Z u  + e _ 

- . 
I 
! 

eu' Z '  7 z �.� -·: 

+ E [ e e  � 
( Z DZ '  + R)  <12 

e 
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A .  T he M e thod of Mixed M odel S olution 

Given the vector Y ,  the d e s i r e d  prediction i s  a s et of s lin ea r 

functi ons : 

whe r e :  

K ' b + M ' u  + V ' f  • • • ( 5 )  

b and u a r e  a s  defined.  

K '  i s  a known s x p matrix. 

M 1 i s  a known s x q matrix. 

V '  i s  a known s x N matrix .  

f i s  a non - ob s e rvable random v ecto r with E (f) = 0 
and va rianc e - c ova riance  matrix R

1
<r2 

e .  
Furtherm o r e ,  f i s  unc o rrelat e d  with u a n d  e .  

E q uati on ( 5 )  i s  r eferred to  a s  the pre dictand . 

T he p r e diction i s  limited t o  pr e dictor s  which a r e  linea r functior.s o _  

Y, fo r example ,  T ' Y  whe r e  T '  is an s x N matrix to  be det e rmin e d _  

Following Hende r s on { 1 97 3 ) ,  the c rite rion on whi c h  the dete rmina tic. · 

of the matrix T i s  ba s ed i s  that  the average s qua r e d  pre diction e r r o r  
b e  minimized.  

Now: Predi ction e rr o r  = Predict o r  - Predictand 

= ( T I y - K I b - M I u - V I f) . 

Then t he average s qua r e d  predicti on e r ror i s :  

E ( T ' Y  - K 'b - M ' u - V 'f)  ( T ' Y  - K ' b - M ' , - V 'f ) ' • ( 6 }  

T he expa n s i on of { 6 ) , coupl e d  with the r em oval of tl-.e exp: .: · . ,  .. ; A>  witn 

z e r o  expectati ons , yields : 

( T ' X - K ' )  bb ' ( T ' X - K� ' + ( T ' Z  - M ' ) D( T ' Z  - M ' �  �--� 

( T '  R T ) <1
2 + (V ' R l V ) � \ I )  e e 



.· ··' � 

Therefo r e ,  the requi red value of T i s  that whic h  minimi zes ·(r. ,_ 
dia gonal elements of ( 7 )  and this can b e  a c hieved by difi.:: :r eni·io. . :ul. g 
that equation with r e s pe ct to T followed by s etting the r e s ultCt. .:J. . 
expr e s s ion to z e r o .  

That i s :  [ . Xbb1X 1 + ( Z DZ 1 + R)� J T - Xbb 1 K  - Z DM 6; - 0 

s o  that: [ Xbb 1 X 1  + ( Z DZ 1  + R) 6; J T = Xbb 1 K  + Z DM 6; 
- • • ( 8)  

Unle s s  the pa rameters b and 62 a r e  known (whic h  is  not us ually the e 
ca s e) , equation ( 8 )  cannot be s olve d .  Howeve r ,  a c onvenient way of 
ove rcoming thi s predicam ent is  to requi r e  the pre diction to b e  
unbia s e d . 

That i s :  E ( Predictor) = E (Predictand) . 

But: E (Predictand) = K 1 b ,  

while:  E ( Pr edictor) = T 1 E (Y) = T 1Xb. 

C ons equently , the pr ediction is  unbias ed when T 1 X  = K 1  ( o r , K ::: X • T ) .  

The requi rem ent that the pre di ction be unbia s ed m eans t :n,, ·: L t•� 
average s qua red prediction e r ro r , a s  repr e s ented in equati on ( 7 ) . 
b e  reduc e d  to:  

becaus e : 

( T I z - M I ) D( T I z - M I )  I <12 + T I R T 62 + V t R V 62 
e e I e 

( T 1X - K 1 )bb 1 ( T 1 X  - K 1 ) 1 = 0 

Now, diffe rentiating ( 9) with r e s pe ct to T and with the r e st :.· ,  ·. 
X 1 T  = K ,  yields the equations : 

whe r e :  

( Z DZ 1 + R )  X 

X '  0 

T 
= 

l 
Z DM 

K 

� i s  a s et of Lag range multipliers . 

62 i s  a c onstant and ha s  been eliminated. e 

t ... 1 ,  



Although ( 1 0) can be s olve d ,  in m o s t  situation s  the computational 
r equirem ents a r e  prohibitive . An alte rnative approa c h  is  to r e gard 
u a s  a v e ct o r  of fixed effects . Unde r the s e  c ondition s ,  the te rm 
( Z DZ '  + R) reduc es  to R s in c e  D (and the refore, Z DZ ' ) i s  z e r o .  

Sta rting with equation ( 6 ) , the s teps outlined s o  far c ould b e  
r eworke d ,  but thi s i s  unnec e s s a ry s inc e ( 1 0 )  can b e  u s e d  a s  a ba s i s  
for a n  anala g ous s et of equati ons . If  u i s  taken to be fix e d ,  two 
r e strictions on the minimizati on of the average s quar ed prediction 
e rror  equation a r e  r equired.  

T hat is : X ' T  = K and , Z ' T  = M . 

E q uations ( 1 0) can now be modifie d  to :  

R X z T 0 

X '  0 0 = K • • • ( 1 1 )  

whe r e :  

Z '  0 0 M 

�
l 

is  a s et of La g range multiplie r s  pe rtaining to the 
r e s t ri ction X ' T  = K .  

�2 i s  a s et of La g range multiplie rs pe rtainin [l t o  u�e 

r e s t riction Z ' T  = M .  

Howeve r ,  model ( B) requires  that u b e  r e ga rded a s  a vector '-'·· .: <1: .: � . .  -.. .  
effects . If D- l i s  added to ( 1 1 ) a s  indicated below , the fa ct th-.� 'G .• =:; 

random i s  taken into a c c ount.  

That is :  R X z T 0 

X '  0 0 �
1 

= K ( • :. I 

Z '  0 - D  - 1  
�2 

M 



It i s  not diffic ult t o  dem on s trate( c )that equati on s  ( 1 2 ) a r e  equ.a �  to  

equati ons ( 1 0 )  (which were o btained through taking u t o  o e  ·.rd.:.:.aorn 

from the beginning of the exer ci s e ) .  In c ontra s t  to the s ituation 

with r egard to ( 1 0 ) ,  the s olution of ( 1 2 )  i s  readily obtainabl e .  

C onside r n ow the fi r s t  equation in ( 1 2 ) .  R e - o r gani zation of 

that equati on produc e s :  

• • . ( 1 3 }  

S ubstitution of this r e s ult into the r emaining equation s of ( 1 2 ) yie lds : 

X ' R - 1 X X ' R - l z -€}-
1 

K 

= - . . 

Z ' R- l� ( Z ' R - 1 Z t D- l ) -€}-2 M 

If [p Q] i s  any s yn1m etric gene rali zed  inve r s e of the c oeffici ent 
Q' s 

matrix of equations ( 1 4) then; -e-
1 

= - ( PK + QM ) ,  and 

�2 = - (Q'K + SM ) .  

E q uation ( 1 3 ) c an b e  r e -written a s :  

T he r efo r e ,  T ' Y  = K ' ( PX ' R- l Y + Q Z ' R - 1 Y )  + M ' (Q ' X ' R - J. Y 

( c )  F r om the l a s t  equation in ( 1 2 ) ,  �2 = D Z  1 T  - DM . 

S ub s tituting for -B-
2 

in the fi rst  equation in ( 1 2 )  pro<l '- c � 

R T  + x-e-1 + Z DZ ' T  - Z DM = 0 .  

This can then b e  re - o r gani z e d  to:  

( Z DZ '  + R) X T Z D:tv1 1 

K 
J 

X '  0 -e-1 

. ( 1 4) 
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An impo rtant r e s ult i s  t ha t  the gene rali z e d  inve r s e of the c oeffi c i ent 

matrix of equations ( 1 4) is  the s am e  as tha t  for equations ( 4 ) .  

S olving ( 4 )  f o r  l) and '\1' produc e s : 

= 

= 

( PX ' R- l Y + Q Z ' R- l Y)  

(QX ' R - l Y + S Z ' R - l Y ) .  

Hen ce ,  equations ( 1 5 ) can b e  written a s :  T ' Y  = K ' b + M ' u, whi c h ,  

a pa rt from V 'f ,  r epres ents the o riginal predicti on equation withb and 

'U s ubstituted for b and u, r e s pectively . The refor e ,  best linea r 

unbia s ed estimation of fixe d effe cts and best  linear  unbia s ed p r e di ction 
of random effects in a mixed model is  a c hi eved by s olving equations ( 4 ) .  

The main point about the s e  equation s , however , is  that they a r e  s imply 

modifi e d  lea s t  s q ua re s  equations . In a model whe r e  a ll effects a r e  

a s  s mn ed fixed but whe r e  the effects have been pa rtitioned into the two 
vect o r s  b and u, t he normal equations produc ed by the a ppli cati -,n ot 

the m ethod of l ea s t  s qua r e s  a re: 

-, 

= 

T he fact t hat in a mixed model u i s  a ve ctor of random a ,  vppo s ed 

t o  fixe d  effe cts , c an be taken a c count of throug h  simply m v di . ,. .  ;:. �: 

d. 1 b . - l  o r  1na ry ea s t  s q ua r e s  equa ti ons y a dd1ng D a s  indicar .:; c. :... J 

equation s  (4) . 

B.  A daptation of the Mixed M odel S olution Equations tc -;; .c • ..: 

S i r e  Evaluati on M odel 

T he definition of the s i r e  evaluation mode l ,  that is , ,-;-. ;) r� � . 

inc luded a numbe r of a s s umptions . T he s e  were :  



(a ) Sire  effects a r e  unc or r elate d  s o  that :  

C ova rian c e  ( s  . .  , s . . , ) = 0 and t he r efo r e , lJ lJ 
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Va rianc e  ( s  . . ) = I 0'2 whe r e  0'2 i s  t he s i r e varian c e  
� s s 

and I i s  the identity matrix. 

(b) Herd-yea r effects a r e  uncorrelated s o  that :  

C ovarianc e  (hk, �1 ) = 0 and the r efo r e , 

Va rian c e  (�) = I� whe re ()� i s  the her d -yea r 

va rian c e .  

( c )  Sire and he rd-yea r effe cts a re uncorrelated s o  that:  

C ova riance (s . .  , hk) = 0 .  lJ 

(d )  E r ror e ffects are  unc o r related and c on s equently: 

C ova rianc e  ( eijkl ' eij kl ' ) = 0 s o  that : 

Va riance (eijkl) = r<r! whe re er; r epres ents the 

e r r o r  va rianc e .  

T he a s s umptions ( a ) , (b)  and ( c )  have impo rtant implication s .� . .  

fa r a s  the va rian c e- c ova rian c e  matrix D0'2 i s  c on c e rned.  R e c alling 
2 e 2 tha t  no- = E ( uu' ) ,  the s e  a s s umptions allow DO' to  b e  written in tt: e e 

form: 

E ( uu ' ) = � = r a-2  whe r e  u 0 u 
• 

0 
• 

• 

C1
2 
u 

� repr e s ents the va rianc e of the random effects in the rr.. , 
u 

Sin c e  n<f 
e 

= 1 0'2 , D must  now 
u 
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F o r  the diagonal elem ents of D which c o r r e s pond to s i r e  effects , 

rfl = o-2 and likewi s e ,  for the dia g onal elem ents of D w hi c h  
u s -2 2 c o r r e s pond to he rd-yea r effects , o- = cf

h
. The r efo r e ,  the m a t rix 

u 
D i s  s iinply a dia gonal matrix of va rian c e  ratios .  In turn , the 

inv e r s e  mat rix D - l i s  ea s ily obtained by taking r e ciprocals of the 

diagonal elem ents . 

A s s mnption ( d) allows the va rianc e - c ova rianc e  matrix of the 

e r ror  effects ( R0'2 ) to be r educed to I cf2 . That being the c a s e ,  the 
e e 

appropriate form of equations ( 1 )  for the s i r e  evaluation model that 

has bee·n des c ribed a r e  now: 

X ' X  

Z 'X 

X ' Z  

/"\. u 

X ' Y  

= • • • ( 1 6 )  

Z ' Y 

In thi s  s tudy, the breeding values of the s i r e s  w e r e  e s timated from a 

s olution of equations ( 1 6 ) .  

C .  Va riance C omponent E stimation 

T he s olution of the mixed model equations (equations 1 6 ,  C:! ·::H�n ds 

upon the prior es timation of the va rian c e  components of .: .K. .n c c e l  

which, in this cas e ,  are the s i re s , he r d-yea r and error  , .. a. n c.. .!C E. .:. . 

When data a re balan c e d ,  e s timates of va rian c e  compon ent!:' a r , 

readily obtainable by equating m ean s qua r e s  from an a.r1a.ly s 1 .:.  ,. !. 

va rian c e  to their expected value s .  Howeve r ,  in t he c a s e c.i 
unbalanc e d  data (as in this study) and,  m o r e  e s pe c ially ,  whe r e  thl; 
m odel is a mixed model , the es tiination of varianc e c om ponents is 

not s irrlpl e .  

A major c ontribution t o  the problem of e s tima ting va c .:: . .  c e 

c om ponents for m ixed m o d els with unbalanc e d  data wa s ,·n<! d'"' by 
Hende r s on ( 1 9 5 3 ) . He propo s e d  thr e e  m ethods fo r e s timab:c � 

va riance c omponents . In a r eview and r e - s tatem ent of Hen a..- . on ' �  



m e thods using matrix t e rmin ology, S ea r  l e  { 1 96 8) s howed that 

Hende r s on ' s  M ethod ll wa s not uniquely s pecified  and that t ill " 
defi ci ency detracted from its value a s  a us eful procedur e .  

Hende r s on ' s  M ethod I ,  which wa s us ed in t hi s  s tudy , i s  sim ply 

an analogue of the analysis  of va rian c e  m ethod us e d  f o r  e stim ating 

va riance c omponents with balanced data . All effects  of the m odel , 

including fixe d  effe cts in mixed m odel s , a re rega r ded a s  random 

effe cts . In contra s t  to the s ituation with balanced data , the re i s  no 

unique pa rtitioning of s um s  of s qua r e s  with unbalan c e d  data . and, a s  

fa r a s  mix e d  m odels a r e  c on c e rned,  it i s  impo s s ible t o  obtain 

expectations for  random effects which do not c ontain q uadratic 

function s  of the fix ed effects of the m odel . Thus , Henders  on ' s  

M ethod I is inc apable of yielding va riance c omponents whi c h  a r e  

unbia s ed by the fixed effects i n  mixed m o del s . F o r  random model s , 

the m ethod d o e s  produc e unbias ed e s timates of va rianc e com ponents . 

Unlike M ethod I ,  Hender s on ' s  M ethod Ill does not utili z e  analy s i s  

of va riance s um s  of s q ua r e s  but rathe r ,  reductions in s um s  o f  
s q ua r es due t o  fitting diffe r ent s ub-models . I n  applying M ethod Ill 

to mixed model s , it is  thr ough the j udicious choi c e  and fitting of 

s ub -m odels that r eductions in s um s  of s q ua r e s  whi c h  do not c ontain 
functions of the fixed effects of the m odel a r e  produc e d .  ·c n oi a s  ed 

e s timates of  the variance c om ponents can then be obtain e d  · · '  � g •..La ting 
ea c h  r eduction to its expected value unde r the full made! . f he 

maj o r  limitation of Hende r s on ' s  M ethod Ill i s  the la r g e  amount of 
c om putation r e q uired.  O btaining the reductions in s um s  oi s q ua r e s  
can involve the inver sion o f  matri c e s  of o rde r equal t o  the n urr. t ... <'- r 

of random effects  in the data whi c h, a s  fa r a s  this s tudy i s  c on c e rn . ... ; r:.  
would have exc e eded the capa c ity of  the c ompute r .  The it rativ ?. 

proc edure s ugges ted by Cunningham and Hen ders on ( 1 96 8} , ;)· t , ·-: . f :::­
c o r r e cted by T homps on ( 1 96 9) ,  wa s aimed at circumventing the 
c om putational requirement of Hende r s on ' s  M ethod Ill in obtaining 

e s timates of the varianc e c omponents a s  a prelimina ry s te ? :.n t h«­

e stimation of the fixed effects in a mixed m o del .  T he it e r <.. tive 

proc e dure c ould not be us ed in this s tudy s inc e it i s  a ppl::. c.r-_hl e to 

only tho s e mixed models having jus t  one random effect .  
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Altho ug h Hende r s on 1 s  M etho d  III i s  the metho d  of c hoi c e  in a 

mixed mode l ,  it wa s not us ed be caus e of its computational diifi culty . 

{1) Application of Hende rs on 1 s  M et hod I .  E s timates  of the 

va riance c omponents were obtained a s s uming the following model :  

whe r e :  yijkl 

g. 1 

s . .  lJ 

( s h) . . k lJ 

= 

= 

= 

= 

= 

= 

= 

• • • ( C )  

the firs t-lactati on r ecord m a de in the kth 

he r d-yea r by the lth daughte r of the jth s i r e  

belonging t o  the ith sire  g roup. 

a general m ean.  

the random effect  of  the ith s i re - g roup, 

G roup effe cts a r e  distribut e d  with m ean z e r o  

and va rian c e  ra-2 .  g 

the random effect  of the j th s i re in the ith 

s i r e - g r oup. S i r e  effects a r e  di s t ribut e d  

with m ean z e r o  and varianc e  r<f2 •  
s 

the random effec t  of the kth he rd- yea r .  

Herd-year effe c t s  a r e  di s tributed w�t h  m. ean 

zero and varian c e  r<r�. 

the random int e r a cti on effec t  of the ijth s i r e  

by kth he r d-yea r s ubcla s s .  S i r e  x �le r ,i-yea r 

effects a r e  dis tributed with m e an z e r o  and 

varian c e  I�s . 

the random e r ro r  effect unique to the i.th 
daught e r  of the jth sire  in the ith s i re - g rou::> 

in her d-yea r k. E r ror effe cts � ·::- e  .;.�s'tribute d  
2 

with m ean z e r o  and va rian c e  ! 6  . 

It i s  a s s um e d  that the va riabl e s  of the m o de l  a r e  independ en-:: 

other and that the other pos sible interaction term ,  the g rau p 

yea r inte ra ction, is  z e r o .  

: c  . .  ·, 



The initial s tep in applying H ende r s on ' s  M ethod I i s  to obtain 

expectation s  of the un c o r rected analy s is of varian c e  s um s  of s qua r e s .  

The s e  a r e  (using S .  S .  t o  denote un c o rrected s um s  of s q ua re s ) :  

w he r e :  

T otal S . S .  

G r oup S .  S .  

Sire  within g roup S .  S .  

E [s . sJ = E He r d-yea r S .  S .  

H erd-yea r x Sire within g ro up S . S .  

Herd- yea r x G roup S .  S .  

C o r recti on te rm 

LI:L:E: 2 
i j k 1 

y 
ij kl 

[ 2 
. y . In.  1 1 .  • • 1 • •  

[[' 2 
. .  y . . In . . 1 J lJ . • lJ . 

= E 

y
2 

• • • • /N 

The he r d -yea r x group inte ra ction sum of & '": ..:... . _ :.  - � : - s 

been included s o  that the expe ctation of the c ::, _ : .:.- -c";: e ., 

he rd-yea r x s i r e  within g roup inte raction ,; -; _ _.- s 

squa re s  can be  c omputed.  
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n . .  k 
i s  the nmnbe r  of daughters  o f  the jth s i r e  in 

1J 
ith s i r e- group in he r d-yea r k.  

N i s  t he total nmnb e r  of r ec or ds . 

The expanded form of E [ S . s .J i s : 

N N 

N N 

N N 

i 
n. 1 o  o 

N 

N 

N lf[fni. � � fyn;j k� 
n • •  k n • •  k 

N N N 

t��n

;
j kl N N 

ni .  k 

�--� [LL z ] . . n 

N 
1 J

N 

ij . 

N 

L.L: L 2 
k nijk 

i j 
n . .  1J . 

N 

N 

N 

f:� · k] 

N 0 N 

2: 2 
k 

n
ijk 4: .  0 b 1 J 

n . . 
1J . 

l\1 � 1 J 1J 

n • •  k 
0 c 

N 0 f 

�
n

\ I L:L' J 1J  
i k 0 rn 

ni .  k 

[ltf:n:
j
1 

0 

0'2 
s 

cr2 
h 

7 6:-n � . 

e 

I = CV 
I 



wher e :  

and wher e :  

c = 

V = 

a = 

b = 

c = 

f = 

m = 

b 3 .  

the c oefficient m atrix . 

the c olumn vector of va riance c om pon ents . 

the numbe r  of s i r e  groups . 

the t otal num b e r  of s ir e s . 

the number of he r d-yea r s . 

the num b e r  of he rd-yea r x s i r e  within g roup 

s ubcla s s e s containing n on- zero  data . 

the num b e r  of he r d-yea r x group s ubcla s s e s  

containing non- z e ro data . 

the c olurnn of z e r o s  in the matrix C r epr e s ents the 

a s s urnption of the mode l  that the he rd-y e a r  x group 

int e ra ction variance  <o!g> i s  zer o .  

Having obtained the expectations o f  the unco rr e cted  s um s  of 

s qua r e s ,  it is nec e s s a ry to obtain the expectations of the c o r r e cted  

surns of  s qua r e s . T ha t  is : 

E (G roup S .  S . ) - E (C o r re ction t e rm )  

E (Sire  within group S . S .  - E (G roup S . S . ) 

E ( Herd-yea r  S . S . ) - E (C or r e ction t e rm )  

E (H e r d-year x Sire  within g roup S .  S . ) 

- E (Sire  within g roup S . S . ) 

- E ( Herd-yea r x g roup S . S . ) + (Group S . S . ) 

l ��l I ,...;2 

I ; 5 I 
I <i I I 
t h 

' =A I 

I I 62 hs 

E (Total S , S , ) - E (Herd-yea r x Sire within g r oup S. S. )J - ' 

L

()'- ' 
e i 

.-J 

where:  A = the coefficient matrix obtained by s ubtra cting 

and a dding rows of the coefficient matrix C in 

a c c o r dance with the way in whi c h  c o r r ected 

s urn s  of s quar e s  a re c omputed.  



If the c olumn v ector of the analy s i s  of variance c o r r e cted s um s  

of s q ua re s  i s  W ,  e s timates of the varian c e  c omponents can be 
obtained a s  follows : 

az g 

(12 s 

A - 1w = � h 

"2 cr
hs 

"2 6 
e 

D. C omputation of the Solution to the Mixed M odel Equations 

T he s olution of the mixed m odel equation s (equation s 1 6 ) involve s 

the c a lculation of the inv e r s e  of the matrix ( Z 1 Z + D- 1 ) .  T he ::> r d  ... 

of thi s  matrix i s  equal to the numb e r  of random effects i �. the .. :c-. t c  
and therefor e ,  obtaining its inve r s e may be difficult froc a 

com putational s tandpoint. A c onvenient way a round this prob . ,�L-, . .  

to detail the s tructure of the mixed model equations in a way w.r.i .:: ::. 
relate s to furthe r pa rtitioning.  

Re call  equation s  ( 1 6 ) :  

X 'X 

Z 'X 

where:  

X ' Z  b 1 ) I X ' Y 
( p  X q )  ( p  X � p  - -

= 
(p X p) 

( Z ' Z  + D- l ) 
I 

.-..... ' 
u(q  x 1 )  

L 
z . '!. J ( q  X q)  ; q X (11 X p) 

p = numbe r of fixe d  effects  ( gr oups ) .  

q = numbe r  of random effec t s  ( s ires  + he rd-yea r s ) . 

1) 

l )  

-. 

_J 
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The matri c e s  whic h  a r e  functions of the matrix Z can b e  pa rtition e d  

into s ub -matri c e s  c o r r e s ponding t o  the s i re a n d  the her d-y ea r effects . 

Tha t  i s :  

X 'X 
(p  X p) 

E 
( p  x e )  

F 
(p x c )  

b 
(p X 1 )  

X ' Y  
( p  X 1 ) 

E '  
( e x p) 

F '  ( c  x p) 

wher e :  

a n d  wher e :  

e 

c 

s 

H 

G 

Q 

= s 
( e x e )  

B 
( e x c )  

'8 
( e  x 1 ) G 

( e x 1 )  

B '  

= 

= 

= 

= 

= 

= 

= 

= 

(c x e )  H ( c  x c )  h ( c  x 1 )  
0

( c  x 1 )  

the numbe r  of s i r e s . 

the numb e r  of he r d-yea rs .  

a dia gonal matrix of the number of daught e r s  

o f  ea c h  s i r e  with the va rianc e  ratio 

oz 
e a dded.  

oZ s 

a dia gonal matrix of the numbe r  of r e c ords  of 
each he r d-y ea r with varian c e  ratio 

Q-2 
e a dded.  

fl h 

a vector  of s i r e  effe ct s . 

a vector of he rd-yea r effects . 

a vector of s i r e  total s  (Y . ) .  
• J • •  

a v ector of her d-yea r totals (Y . ! . 
• • K -.�  

E and F a r e  s ub -matrices  of X' Z .  

B i s  a matrix of the numb e r  of daught e r s  of e a c ::: s l r '� 

in eac h  herd-yea r .  
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Sin c e  it i s  unnec e s sa ry f o r  her d-y ea r  effects to b e  e s t�mated , 

the equation s  for her d-yea r effects  a r e  abs orbed.  The equations t o  

be  s olved then bec ome:  

= 
- 1 

(S - B H  B ' ) 

( 1 7)  

with s olutions :  

'S = s olution fo r the g roup effects  

= [(X'X - FH- l F ' ) - (E - FH- l B ' ) (S - BH- l B ' ) - l (E FH - l B ' ) '  J - l  
x 

[<X ' Y - FH- 1
0) - (E - FH

- l
B ' ) (S - BH- l

B ' ) - l (G - B H- l
Q ) J 

� = e s timate of the s i r e  effects 

The r efo r e ,  the o rder of the la r g e s t  non- diagonal matrix to b e  inv e rt e d  
has been reduc ed by the nwnber of he rd-yea r s  down t o  tr,e nurn be r of 

sires  in the s tudy . 

A c c o r ding to the s i r e  evaluation model ,  the effec t  of a s i :.· e 1 s  

e stimated relative to the effects  of  only t he s i re s  in  t he s ar....-. e  s j  r e.  

gr oup. The r efore , s ires  cannot be  c ompa r ed a c r o s s g r o·ups nr.t:i. ;  
the g roup effects  have b e en taken into a c c ount , i . e .  , until "g� -r s'. , l 1 ]  
ha s been calculate d  for a ll s i r e s . T he q uantity "g. -L '8' . .  repre s ent . 1 lJ 
the e s timated b r eeding value of the jth s i re in the ith s i r e - g:r : u� ,  



E .  R e - definition of the Sire  E valuation M odel 

0 7 .  

I n  the o riginal s i re evaluation model (model A ) ,  the he rd-yea r 

effects  were  a s s um e d  to  be random effects . Sin c e  individual s i r e s  

a re n o t  r epres ented in all her d-y ea rs ,  i t  i s  pos sible fo r va riati on 

in the average genetic m e rit of the he rds with whi c h  e a c h  s ire  i s  

a s s ociated to  bia s the e s timates  of s i r e  breeding value s that a r e  

obtain ed from the application of the mixed model ( Hende r s on,  1 9 7 3 ) .  

If,  however , he rd-yea r effects  a re rega rded a s  being fixe d  eff e ct s , 

the bia s i s  ove rcome ( Hende rs on ,  1 9 7 3 ) . 

R e ga r ding he rd-yea r effects a s  fixed involve s  only minor  

modifi cation s to  equations ( 1 7 ) .  T he s e a r e :  

( i ) The a pplication of one furthe r  constra int on the s oluti on 

(ii ) 

(in t hi s  ca s e ,  one of the he rd-yea r effects  wa s s et to z e r o ) . 

T he va rian c e  c om ponent ratio 

elem ents of the matrix H.  

� e 

'82 
h 

i s  not a dded t o  the dia gona l  

A s  befo r e , the he rd-ye a r  effects a r e  abs orbed in the proc e s s of 

c om puting a s olution to the mix e d  m odel equation s . 

In thi s  s tudy ,  the extent of t he bia s due to non - randorr: usa g e  of 

s i r e s  am on g s t  he r d-yea r s  wa s a s s e s s ed through a c om pa ri s on of 
the e s timates  of s ir e  breeding value s a s s uming t he herd-yea r ef:ects 

to  be fixe d  effe cts on the one hand and random effe cts on the o·.:he r .  

F. G enetic T r end E s timation Ba s ed on the M ixed M odel S olutiGn. 

Sinc e the s i r e s  were g r ouped a cc o rding to their yea r of  ; ' :· :.:  � 

usa g e ,  --g. i s  the unweight e d  average genetic me rit of the s i r e s  1 
s ampled in the ith yea r .  The r efo r e , the trend in -g. ove r  tim "' 1. s  1 
the g enetic trend in the population ( Hende r s on ,  1 9 7 3 ) .  The \veight :... < 
average gen etic m e rit  of t he s i r e s  belonging to group i i s  given by: 



2:: n. . (-g: + '8' . .  ) J 1J . 1 1J 

n. 1 • •  

R e g r e s s ing the weighted group effects on tim e provides  an e s timate  

of  genetic t r end attributable to  the prog eny of the s i r e s . 

In this s tudy ,  both the weighted and t he unweighted g roup effects  

were  r e g re s s e d  on time to  obtain e s timates  of t he g enetic t r end.  

T he s e  m ethods for e s timating g enetic trend we r e  a pplie d  only to  

the e dited -A . ! . data . 



C HA PTE R 4 

D A T A  

I .  SO URCE O F  DA TA 

A requi r em ent of the m ethods of analys is  u s e d  is tha t  the s i r es 

of the c ows which produc ed the lactati on records b e  identifi e d .  

Since  the a c curacy o f  s i r e  identification i s  li kely t o  b e  hig he s t  in 

thos e he r ds whe r e  all  c ows a r e  s i r e - identified ,  it wa s decided tnc..t 
only s uc h  he rds w ould be c onside r e d  a s  potential c ontribut o r s  o r· 

data for this  s tudy . In a ddition , the procedure fo r e s timation of 
genetic t rend r equired the he rds to hav e  been he r d - te s ted f o r  . 

minimum of thr ee yea r s  and that  in ea c h  he rd the r e  must be .. i ca " t  

one sire  with r e c o rded daught e r s  in  all  three  yea r s .  Due to a 

limitation on r e s ourc e s , it wa s furthe r decided that  the s tud} .:>e 
r e stricted to  data de rived from :  

(i )  Herds within the Auckland H e r d  Improvement A s s ociation 

(now A uc kland Live s tock  Improvem ent A s s ociation ) a:-,d ;  

(ii)  Animals  of the Je r s ey b r e e d  (but not Jers ey c ros s ) . 

Eac h y ea r ,  the Farm Production Division of the N. Z .  Da. i ry 
Boa rd lis t s  tho s e  he rds whe r e  it ha s been pos s ible to c omp11:t- a. 

within - he r d  producti on compa ris on of s i r e -identified  A .  I .  wit h  
non-A . I .  bred animal s . It  wa s from the lis t  c ompiled a t  t 1 en-' 

6 9 .  
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of the 1 9 7 1 - 72 dai rying s ea s  on that the 8 9  herds whi c h  c ontribut e d  

data to thi s  s tudy w e r e  identified.  Having identified  the he rds 

whi c h  m et thos e requi rements , la ctati on reco rds we r e  c olle cted 

from the annua l  he r d-t e s ting s ummaries  of  the dai rying s ea s on s  

1 96 6 - 6 7  t o  1 97 2 - 7 3 ,  inc lusive . The num b e rs of s uitable la ctati on 

r ec o r ds in the s ea s ons  p ri o r  t o  1 96 6 - 6 7  w e r e  t o o  small to j us tify 

their  inclus ion .  

II . DES C RI PTIO N O F  DA TA 

T he s c r eenin g technique employed for s ampling the s e data 

clos ely followed that curr ently us ed by the Farm Pr oduction Divi s i on 

of the N .  Z .  Dai ry Board in c olle cting data for its s i re - evaluation 

programm e .  A c c o r dingly , only fi r s t - la c tation r ecords  we r e  

s ampled.  The s uitability o f  ea c h  lactation record wa s dete rmin e d  

on the ba sis  o f  the c rite ria l i s t e d  i n  Table 4 .  1 .  

T he details c ollected on individual la ctati ons deem e d  to have 

met the r equirements of  the s tudy we r e :  

( i )  Sire  c od e .  

(ii )  He r d  c od e .  

(iii) Yea r { da i rying s ea s on) in which the la ctation wa s m�d.=..  

( iv )  The total milk produc ed in the la ctation. 

(v) The total milkfat produc e d  in the lactation . 

Sin c e  the data c olle ct e d  were all fir s t - la c tation r e c o r o 3 , t n ."! r e 

wa s n o  nec e s sity for the r e c o rds to be c o r r e cted fo r a ge . L .'. ... ;. c> 

with the policy of the Fa rm Production Divis i on of the N ,  Z Da. � ry 
Boa r d ,  the re was no general a djustm ent of the data fo r va ric:n:: on h'l 
lactation l ength. It ha s already be en noted that la ctations s .i:- rt e r  
than 1 00 days in l ength were excluded.  A t  the othe r end d r r  ... e s ca l e ,  



Table 4 .  1 

Exclusi on s : 

C riteria dete rmining the s uitability of the 

la ctation r e c o rds . 

( a ) R e c o rds from c ows milke d  for l e s s than 1 00 day s . 

.., . : .1 .  

(b)  R ecords  from c ows milked for between 1 00 and 200 day s  

but culled becaus e of: 

( 1 )  Injury (including lam enes s ) . 

( 2 )  Di s ea s e  (abo rtion , bloa t ,  Brucell o s i s , Johne ' s  

di s ea s e , Leptos pi r o s i s , mastiti s , m etabolic di s ea s es , 

milk fev e r ,  Salm onella o r  Tuberculos i s ) .  

( c )  R ecords  from c ows milke d for between 1 0 0 and 2 00 aa s 

but died of catar rh. 

(d) R e c o rds from c ows milked in s i re - proving he rds . 

Inclus i on s : 

R e c o rds from any c ows milked for 1 00 day s  or  m o r e  incluc .... '" g 

t ho s e  s ub s equently c ulled b e ca us e of: 

( 1 )  Low production . 

(2 )  Low fe rtility (including calving diffic ulty) 

( 3 )  Other dis ea s e s . 
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records  from lactation s  exce e ding 3 0 5  days in l ength were  c o r rected 

bac k  to  t he equiva lent of  that l ength by deduction of a propo rtion of  

the c ow ' s  p roduction during the lactation . A des c ription of the 

data c ollected for this s tudy i s  given in Table 4.  2 .  

E a c h  lactation record wa s s i r e -identified b y  one of thr e e  

cla s s es o f  s i r e  c ode . The s e clas s e s  we re :  

( i )  An A . I .  s ire  code . 

(ii ) ·  A N on-A . ! . ( regi s t e r ed)  s i r e  code.  

(iii ) No s i r e  c ode ( s ire  unidentified) . 

A de s c ription of the data a ft e r  having been s ub- s ampled ,  a c co rding 

to cla s s  of s i re , is given in Table 4 .  3 .  

T he form of t he data a s  outline d  wa s s uitable only ins ofa r  a s  

the proc e dure for e s timating g enetic trend was c on c e rned.  O n  t he 

othe r hand,  the s i re evaluation proc edur e requi re d  that  r e c o rci s  be 

as s embled a cc o r ding to s i re , s i r e - g roup and a c ombined he r d - y-ea r 

cla s sification s o  tha t  it wa s nec e s s a ry to re - cla s s ify the A . I . data 

a s  only A .  I. s i r e s  were evaluated.  

Attempts  at a pplying the s i r e  evaluation proc edure w e r e  

uns uc c e s s ful becaus e the ta s k  wa s b eyond the capa city o f  the 
c omput e r  ( Burroughs B 6 7 0 0 ) . C on s equently , the A . I .  data wa s 

e dited and thos e he rd-yea r s  or s i r e s  repr e s ented by l e s s thar. 5 o r  

1 0  records , r e s pe ctively , we r e  eliminated.  A de s c ription .:.:: :!le 

r emainin g A .  I .  data (i. e .  , the e dited-A.  I .  data ) i s  given in ': a ble 

4.  4.  

It is  doubtful whether the data c oll ected for thi s  s tudy were 

r epres entative of the fi r s t-lactation r e c ords made by the population 

of Je r s ey 2 -yea r - olds in the Auc kland r e gion during the dai rying 

s ea s on s  1 96 6 - 6 7  to 1 972- 7 3 , inc lus ive .  The requi r em ent that 
naturally-b r e d  (non -A . I . ) cows b e  s i r e -identified proba bly m a nt 
that a hi g he r - than-average pr oportion of pedigree he rds wa s f. c r e zned 

for s uitable data . Moreove r ,  it i s  likely that a highe r proporti on of 
pedigree  he rds , rela tive to  all he rds , make us e of he r d - t e s ting 

s ervic e s  s o  that a highe r- than-average p ropo rtion of pedi g r e e  animal s 

have r e co rded lac ta tion perform an c e s  s uitable for s tudy . 



Table 4. 2 Stati s tical  des c ription of the compl ete data. 

Dai rying Numb e r  of 

s ea s on lactations 
Milk .yield (lb) 

1 9 66 - 6 7  343  5 82 6 .  8 + 66 .  5 
-

1 96 7 - 6 8  722 4 8 3 3 . 6 + 4 3 . 3 -
1 96 8- 6 9  1 3 9 9  5 5 1 5 .  7 + 3 2 .  7 

-

1 96 9 - 70  1 7 3 7  46 3 8 . 0 + 26 . 0 -
1 9 70 - 7 1  1 5 5 8  4 7 5 2 . 3 + 2 7 . 9 

-

1 97 1 - 72 1 52 6  5 1 5 1 . 4 + 3 0 .  1 -
1 9 72 - 7 3 1 3 99  4934. 2 + 30 .  6 

Overall 8 6 84 5 0 0 1 . 1 + 1 2 . 8 
-

M eans and s tanda r d  e r r o r s  

Milkfat yield (lb)  

3 2 3 .  9 + 3 .  8 

2 6 0 .  0 + 2 .  5 
-

3 04 .  1 + 1 .  8 -
245 . 5 + 1 .  4 -
2 5 6 .  8 + 1 .  6 

-

2 7 9 . 1 + 1 . 6  

264 .  5 + 1 .  6 

2 7 0 .  3 + o .  7 
-

Days in milk 

2 80 . 0 + 1 .  8 

2 4 5 .  8 + 1 .  6 
-

2 7 9 .  2 + o .  8 

2 3 5 .  3 + o .  9 -
2 5 7 . 0 + 1 . 0 

-

2 7 2 .  2 + o .  9 

244. 3 + 1 .  0 -

2 5 6 .  8 + o .  4 

• .J  \,.;.l 
• 



Table 4.  3 

Sire  cla s s  

A .  I .  

( I l l  s i re s )  

Non-A . I .  

( 7 9 2  s i r e s )  

Uncoded 

Des c ription of the data when cla s s ifi ed a c c o rding to  s i r e  c ode. 

Nwnb e r  of 

lactations 

3 1 0 1  

3 86 9  

1 706 

Milk (lb) 

5 3 09 . 7 + 2 1 .  3 

4 7 93 . 7 + 1 8 . 4  

49 1 3 . 0 + 2 9 .  5 

M eans and s tanda r d  e r ro r s  

Milkfat (lb) Day s  in milk 

2 87 . 6 + 1 . 2  2 5 9 .  9 + o .  7 

2 5 9 .  9 + 1 .  0 2 5 6 . 4 + o .  6 

2 6 2 . 3 + 1 . 6  2 5 2 .  6 + 1 .  0 7  
- -

-J 
"" 

• 



Table 4 .  4 De s c ription of the edited-A . ! .  data -

m eans and s ta nda r d  e r r or s . 

No . r e c o rds 2 1 5 5  

No. s i r e s  4 7  

No . s i r e - g r oups 6 

No.  he r d-yea r s  1 45 

Milk yie l d  (lb)  52 3 8 . 7 + 2 5 . 2 
-

Milkfat yield ( lb) 2 82 .  4 + 1 .  4 

Days in milk 2 5 8 .  1 + 0 . 8 



\. 

C HA PTE R 5 

R E S U L T S  

I .  ES TIMATES O F  GENE TIC TRE ND 

A, E s tima t e s  Ba s e d  on Intra - s i re R egr e s s ion 

In Chapte r 3 ,  it wa s s tated that the data in thi s  s tudy w e r e  

s ub- s ampled a c c o rding to c la s s  o f  s i r e ;  tha t  is , whethe r the 

lactati on r e c ords we r e  p roduce d  by the daughte r s  of A . I . , non-A . I . , 

o r  unidentifi ed s i r e s . The e stimate s of gen etic trend in the uppe r 

s e c tion of Table 5 .  1 we r e  obtain ed from the application of the 
weighted and unwei ghted intra - s i re r e g r e s si on m ethods of e s timati on 

to  va rious c om binations of the s ub- s ample s  of the data . M eDtion 
wa s a ls o  made in C ha pte r 3 of the need to e dit the A . I .  data . ;:he r e by 

fo rming the edited-A . ! . data , t o  allow the s i re evaluation proc e du r e  

to  be  a pplied.  T he e s timates  o f  g enetic trend in the l owe r s e cti on 

of T a ble 5 .  1 c o r r e s pond to tho s e in the upp e r  s ection in tha t , with 

the exception of the non-A . I .  data , they we r e  obtained from �: ·  e 

a pplicati on of the intra - s i r e  r e g re s s i on analy s e s  to  the same 

c ombination s of the s ub - s ample s  of  the data exc ept for the fa r:. .  � ha . 
the e dited-A . ! .  data we r e  s ubstituted fo r the A. I .  data . 

76 . 



Table 5 .  1 E s timates of genetic trend derived from the application of the intra - si r e  r egr e s s ion 
m ethods of e s timation , 

Data 

A .  I .  
Non-A . I .  
A .  I .  , non - A .  I .  
A .  I . , non- A .  I .  , 
rmidentified 

E dite d-A . ! . 
E dited-A . I .  , non - A .  I .  
E dited-A . ! . , n on -A . I . , 
unidentifi ed 

----- --------·-

G enetic t r end/yea r (lb) and s tanda r d  e r ror 

Unweighted r e g r e s s ion W eight e d  r eg r e s s ion 

Milk Milkfat Milk Milkfat 

Analys es  involving A .  I .  data 

- 7 9 . 6 + 1 1 0 . 6 - 2 . 3 + 5 . 9 1 8 8 .  9 + 3 9 .  6 -3 . 4 + 4. 2  

- 89 .  6 + 5 9 .  0 - 2 .  0 + 3 .  3 - 3 3 3 . 2 + 2 6 . 6 - 1 6 . 9 + 1 . 5 -
- 1 04 .  3 + 5 o. 7 - 3 . 3 + 2 . 7  1 97 . 6 + 2 5 . 1 8 . 9 + 1 . 4  

- - -
- 1 2 2 . 0 + 4 9 . 2 - 4 . 6 + 2 .  6 1 2 6 . 9 + 2 3 . 3 2 . 9 ± 1 . 3 - -

Analys e s  involving edited-A . I . data 

- 1 4 . 2 ± 1 3 7 . 9 2 . 5 + 7 . 2  42 8 . 4 + 8 8 . 7 - 1 . 8 + 4. 8  

- 7 9 .  0 + 54. 8 - 1 . 0 + 2 . 9  6 7 . 0 + 2 6 . 7 - 0 . 2 + 1 . 45 

- 9 3 . 3 + 5 3 . 8 - 2 . 0 + 2 . 8  9 3 . 8 + 2 4 .  7 - 1 . 8 + 1 . 3  -

Reco rds (a ) 

1 6 3 7 

3 0 3 4  

5 5 7 5  

6 875  

1 1 7 3  

4900 

5 89 9  

(a ) 

( b  
c )  

Num bt. l of . e c-o r cJ s  whi c h  c ont ribut e d  t o  eit he r a daughte r ( s i r e )  o r  a contempo ra ry ave ra g e .  
N urY1 b <.: r  o f  f j , e s  (n ot n � c e s  s a rily d1 ffe r ent )  ove r  whi c h  the r e g r e s sion wa s pooled.  
N um b e r  o f  '\ i 1 j Jhl R i • · c , w j thi n - h •, r ei , w i t hi n - y ea r deviati ons  in the ana lysis . 

Refer en c e  
s i r e s  (b) 

6 7  

8 1  

1 5 5 

1 5 7  

43  

1 2 8  

1 2 8  

C ros s ­
products ( c ) 

2 0 6  

2 9 7  

5 3 3  

540 

1 3 1  

445 

448 

--.J --.J . 



7 8 .  

C on s ide ring the upper s ection of Table 5 .  1 ,  the s ign and als o 
the consis tency of the e s timates  of genetic tren d  o btaine d  from the 
application of the unweighted intra - si r e  regres s i on to the va rious 
s ets  of data a r e  n otable . Ove rall , the s e  e s timate s  indicate a 
negative genetic t r end of approximately 4 lb. of milkfat and l O O lb . 
of milk p e r  yea r .  The s tanda rd e r ro r s  indicate that , of the 
e s timat e s  obtain e d  fo r milkfat yield , the only one that i s  s i gnifi cantly 
diffe r ent from z e r o  is  that obtain e d  from the combined s et of A .  I .  , 
non-A . I .  an d unid entified (all the data in the s tudy) , whe r e a s  in the 
ca s e  of .milk yield ,  the only e s timate not significantly diffe r ent from 
zero  i s  that obtained for the A . I .  s et of data . 

T he es timates of genetic t r end in the uppe r  s e ction of Table 5 .  1 

obtaine d  from the application of the weighted intra - si r e  r e g r e s s i on 
demons trate poo r  a g r e ement with t he c o r r e s ponding es timates 
obtained using the unweighted r e g r e s sion , pa rticula rly as fa r a s  
milk yield is  c onc e rned. Many of the e s timate s  obtain e d  using the 
weighted r e g re s s i on ,  a re opposite  in s ign to their counterpa rts 
obtaine d  from application of the unweighted r e g r e s sion and , ir 
addition , the r e  is l e s s  consis tency am ongst  the e s timat e s  obt<t ine d  
from applying the weighted r e gr e s s i on to the various s ets  :l f  c.ata . 
Without exc eption , the standa rd e r r o r s  of the genetic tr end e E  timate s  
produc ed by the us e of the weighted r e g r e s sion a r e  smalle r t La:r• t he 
s tanda rd e r rors  of the c o r r e s ponding e s timates de rived fr orr. t. .hc: 
unwei ghted r e g re s s ion analys e s . In addition , the s tanda rd e �� r .:n s  of 
the e s timates produc ed by the weighted r e g r e s sion a r e  s uc h  t:h.at only 
one e s timat e ,  the - 3 . 4 lb. of milkfat for the A . I .  s et of data , i s not 
significantly diffe r ent from z e r o .  

With r e ga r d  t o  the es timate s  of the g enetic trend in the lowe r 
s ection of Table 5 .  1 ,  thos e obtained from the us e of the unweighted 
regres s ion , with the exception of the edited-A . ! . s et of  data , a g r e e  
quite well with the analogous e s timates of the uppe r s ecti on o f  the 
table .  N on e  of the milkfat e s timates  det e rmined by ·.mwe:.. g in �d 
regre s s i on and p r e s ented in the lowe r s ection of the table i s  
significantly diffe r ent from z e r o .  The milk yield e s timate of "the 
edite d  A . I . s et of data is likewi s e n ot s ignificant .  Onc e a gai! , thE: 



. ·' · 

e s timates obtained usin g  the weig hted intra - si r e  r e g r e e  s i ui.� '· ·: · 

poo r a g r e em ent with tho s e produc ed by application of the u.:. ·;.v e  .. ,? iTcE: · 

r eg r e s s ion and in all exampl e s , the standard e r r o r s  of the c s ··ir.·. ::. c c- .::: 

from the weighted r e g r e s sion a r e  small e r .  

T he r e  i s  no obvious r ea s on for the la ck o f  a g r e em ent betw e ..-!.:J. 
t he e s timate s  of genetic t r en d  produc e d  from a pplication a: .:ne tw 

intra - sire  r egres sion m ethods of  e stimation , nor  i s  the re  any 1· ,�:.=.. � 
eviden ce for prefe rring the e s timates of one m ethod ov e r  thos e oi 
the othe r .  Perhaps a point in favour of the unweight e d  intra - s L ; 
r e g r e s s i on m ethod of e s timation i s  the c onsistency of the e s tirr a. r e s  

it pro duc ed i n  t hi s  s tudy. Howeve r ,  if it were not fo r the e s tir::.a ·-: , s 

of - 3 3 3 .  2lb . and 42 8. 4 lb. of milk for the non - A .  I .  an d edited ·- .l'·� .  � .  
s et s  of data , r e s pectively , the e s timates obtained us ing the ·we:ght e ei  
intra - s i r e  r e g r e s sion a r e  alm o s t  a s  c onsis tent a s  tho s e  obtc. in ,:-C. 
u s in g  the unweighted r e g r e s s i on .  Nevertheles s ,  g en eti c t r c;..:l d 
e s timate s  of - 3 3 3 . 2 lb. and 42 8 . 4 lb . of milk per yea r a r ..:. d· : "· :..- · 
to a c c ept and ,  in fact ,  the autho r  wa s prompted to v e rify oy ':-.::: , 

the e s timate of 42 8. 4 lb . of milk to make sure that the c om pu .:.· · 
pr og ramme for applying t he weighted intra - s ire r e g r e s  s ior. : i n <;.  .. • r " -

wa s working c o r rectly. T he standa rd e r rors of m o s t  of the 
of g en etic trend in Table 5. 1 make the point that the r e  v-.r e :: c  

ins ufficient data included in this s tudy to permit reliablE · . .  

of the gen etic t r end in the dai ry cow population from wbi c · · :- . :  o 

lactation r e c o r ds we re sampled.  

C ompa ring the numbe r  of  r e c ords which contributed ; - e .  

e s timate o f  genetic trend i n  Table 5 .  1 with the corre s pon c .; ;:.. 
available ( Table s  4 .  3 and 4 .  4) , r eveals that in term s  of u·_ . .  t:. 

of the available data , the intra - s i r e  r e gr e s s ion approa c h  i o :: 
e stimating geneti c  trend is  wa s teful . It is  interesting to n o t .  � -

the d e g r e e  of utili zation of the data is  hig her when the r e c o .rG · . .  !. 

non - A . I .  b r e d  animals are  involv e d  in the analysis than w�_,:; r. 1 �< 
a r e  not;  the genetic trend e stimate fo r the A .  I .  data wa s ba.s ..:: i ::J:.'l 

5 3  pe rc ent of the available data , whereas 7 8  percent of t he a \ < �"'_ ;-,;_ _, 

data c ontributed to the genetic t r en d  e stimate for the non -..:\ . :i . :.. ? ,  . . .  

data. T he highe r  degree of utili zation of the data when the rec o:"dec 



of non-A . I .  s i res  a r e  involved in the r e g r e s sion ana lys t- _, , .::; ·,: x-· -. 

from the tendency for s i res  in natural mating (non -A . l .  :s '.. .: ,' ,:, , . ·. 

be us e d  within a he rd ove r  a l ong er  tim e s pan than A . I .  .:o • . c e  • .:... ihl 

the r efor e ,  a r e  gene rally more able to be repres ented within a. he rd 
by daughter deviations f rom a c ontemporary average fo r the resui r e d  
minimum of thr e e  year s . The ratios o f  numbe r o f  c ros s - products 
t o  reference s i r e s  in Table 5 .  1 s ub s tantiate the s ug g e s tion of lon g e r  
usage  o f  non-A . I .  s i r e s ; the ratio fo r the non - A .  I .  data is  3 .  6 6  in 
compa ris on to 3. 0 7  for the A .  I .  s et of data. 

B .  E stimates  Ba s ed o n  Mixed M odel S olution 

In Cha pter 3 ,  it wa s noted that  the r e g r e s sion of the mixed rr. ode�  
s olution of the g roup effects of the sire evaluation model on rim �-" 2 � 

an estimate of the g enetic trend in the population.  (Si r e s  a r e  
g r oupe d  acc ording t o  the time (yea r )  of ente ring s e rvic e and .. .... .. � - - - c ,  

a g r oup effe ct i s  a n  unweighted g enetic average of the s i r e s  .::. e . o 

to tha t  s ub- populati on . ) In a ddition , the regre s s ion on tim e u • .  : .J l  .. 

effects ,  wei ghted by progeny numbe r s , provides an e s timate d ·t: ne 
genetic t r end attributable to the pro geny of the s i r e s . I t  w � il ·--, � 

recalled that the MMS method of s i re evaluation wa s a ppli -.; -::, ; -� ' ; ·  'o 

two linea r models ; one in which he rd-year effects we :..· e  : r e. . ·-

fixed effects whe r ea s , in the othe r ,  they we re rega rdeu. a s  v �·. 'L , 

random effe cts . T he e s timates of genetic trend that wer .::. :::, ·· :::. :r. c a  

from the applicati on of the MMS m ethod of sire evaluation "" ­

edited-A . I .  data a re given in Table 5 .  2 .  

T he e s timates in Table 5 .  2 indicate that  weighting M M S  , 

effects by the num b e r s  of progeny of individual s i r e s  ha. P •.. E- c r  

the extent of the negative genetic trend. Likewis e ,  l' C f  . • • · '  

he rd-year effects in  the underlying model  to b e  fixed . ins ·c c; 

random , effects ha s a l s o  tended to reduc e the abs olute .: . 

genetic trend e s timat e s . Unfortunately , it wa s not po s s i b:.. '- ._ . 

s tanda rd e r ro r s  of the estimates  given in Table 5 .  2 s o  1.t i un .-r ,, '-v . •  



Table 5 .  2 E s timate s  of genetic t r end produc ed from the 
application of the mix e d  m odel s olution m ethod 
of e s timation to the edited-A . I.  data. 

G enetic trend /yea r (lb)  
He rd-yea r effects 

Random effects 

Fixed effects  

Unweighted 
�ilk �ilkfat 

- 7 6 . 9 - 3 .  1 

- 6 6 . 6 - 2 . 4 

W ei g ht c C:  
�ilk � . ilkia.t 

- 6 9 .  1 - 2  0 1 

- 6 1 .  5 - 2 . 2 

----------------------------- · -- -- - -



whethe r the s e  e s timates a r e  s ignifi cantly diffe rent from ze ro , In 
a ddition , no guidance is  pr ovided on how real the c hang e s  in the 
magnitude of the e s timates of g enetic trend due t o  the weighting o r  
t o  t h e  diffe r ent categories o f  he rd-yea r effects might b e .  

I n  the a pplication o f  the MMS method of e s timation , la ctation 
r e c o rds from only thos e he rd-yea r s  whe r e  sire  c ompa ris ons  a re 
pos s ibl e ,  c ontribute to the e s timat e s , i . e . , if a he r d -yea r i s  
repres ente d  by la ctation reco r ds produced by the daught e r s  o £  just 
a s ingle s i r e , it  is not po s sible for sire c ompa ri s on s  to o c c ur wi-chin 
that he rd-yea r s o  that t he r e c o rds c on c e rned hav e  no influenc e in 
t he analysis . A s  far a s  t he e dited-A . I .  data w e r e  c on c e rn e d ,  every 
herd-yea r wa s repr e s ented by la ctation r e c ords from da ught e r s  oi  
at  lea s t  two s i res  and the r efo r e ,  all 2 ,  1 5 5 r ecords of the e dited-A . I .  
data c ontributed to the r e s ults given in Table 5 .  2 .  In c ontra s t ,  the 
e s timates of the g enetic t r end for the edited·-A . I .  data obtaine d ,  
using the intra - sire  regre s s ion analy s es , w e r e  ba s ed on only 1 ,  l 7 3  

r e c o rds ( Table 5 .  1 ) .  T he la rge  differen c e  betw e en t he ...-!lli-n b e r  -� f 
r ecords  whi c h  contributed to t he es timate s of geneti c  t r end f o r  tr • .t 

e dited-A . ! . data given in Tables 5 .  1 and 5 .  2 preclude s the s e  
e s timates from b eing the ba s i s  of a definitive c ompa ris on oi L1e 
intra - s ire  r eg re s s ion and M MS pro c e dure s  for e s timating g en e , :.. c 
t r end.  

It  i s  notable that the e s timates of  gen etic t r end given i n  -:- a  : � :. .. 2 
(MMS ) a g r e e  quite well ove rall with t ho s e  obtained by the a pp.;.h:a.�i..::.:a 
of the unweighted intra - si r e  r egres s i on s et out in Table 5 .  l .m 

c ontra s t ,  the e s timates in Table 5 .  l obtained using t he weight ec. 
int ra - sire  r egres sion ,  pa rti c ula rly with respect to milk yi eld .:: .1.0 

poo r  a g r e em ent with the e s timates given in Table 5 .  2 (MMS } .  

T he la c k  of a g r e ement amongst  the e s timates of geneti c. :re::.1.G. 
obtaine d  us in g  the va rious e stimation proc edur e s , c ouple d  w i t n.  t en 

lar g e  s tanda rd errors  of a numbe r of the estimate s ,  prohibit :· &.. 

reliable c onclusion bein g  d rawn a s  to the nature of the g en etic rr 110. 

in the data. 



II .  VARIANCE COM PONE NTS 

The estimates of the va rian c e  c omponents obtain ed frorn 
applying Hende r s on ' s  M ethod I to the edited-A . ! . data a s s wning 
a fully random model (model C ,  Cha pt e r  3 ) , together with the 
c o r r e s ponding deg r e e s  of freedom , a r e  given in Table 5 .  3 .  In 
a dditi on , ea c h  va rianc e c omponent i s  r e c o rded a s  a p e r c entage of 
the total va rian c e .  

E stimates  o f  va rianc e  c omponents have been repo rted by the 
F a nn  Production Divis ion of the N.  Z .  Dai ry Boa rd ( N.  Z .  Dai ry 
Board ,  1 96 9 ) .  In that study , Hend e r s on ' s  M ethod I wa s a ppL. e d  to 
a s ample  (unknown num b e r )  of a g e - c o r r ected (mature equivalent) 
fi r st-lactation r e c ords made in the 1 96 7 - 6 8  dai rying s ea s on 
a s s wning a model whi c h  include d he r d ,  s i r e , and he r d - by - s i r e  
inte raction effe cts . T he r e s ults from the s tudy a r e  giv en in 
Table  5 .  4 (a gain ea ch va rianc e c omponent is rec orded a s  a pe r .,;.enta g e  
o f  the total va rian c e ) .  

The r e s ults in Tables  5 .  3 and 5 .  4 s how that the abs olu.te v . •  iue s of 
the e s timate s of the va riance com ponents c ommon to both s tuti ... es a r e 
ma rkedly diffe r ent . This c ould be attributable to the la '-:�  . �  ... �-H ­

r e c ords analy zed in the N .  Z .  Dairy B oa r d ' s  study havin g  u e e··. -.. g L  
c o r r ected (the c o r r ection fa cto r s  were pa rtly multip:iicacive�  v . .  1' (:: <.. ::; ,  

the r e c o rds w e r e  not a g e  c o r rected in the pres ent study . E v-..d.: n c �  
on this point is  provided by the e s timates of  va riance � o rrLpon . .  '1 .'·: s 

obtained in a small - s cale s tudy by S ea rle ( 1 96 l b ) .  In his �- L il,' , 

H ende r s on ' s  M ethod I wa s appli ed t o  a s ample of 5 9 1  unc o r r c: ctea. 
fi r s t - la ctation milkfat r e c ords pr oduc e d  in 8 8  herds in the l r; ? - 5 5 
dairying s ea s on a s s uming the s am e  m odel a s  that in the s tudy 
r e po rted by the N.  z .  Dai ry Board.  The r es ults of S ea :d e ' s  s t·.J.dv 
a r e  given in Table 5 .  5 .  



Table 5 .  3 Va riance component es timat e s  obtained from the edited-A . ! .  data . 
The c ompon ents a s  a pe r c entage of the total va riance a r e  given in pa renthe s e s .  

E stimate 
E ffect Deg r e e s  of 

Milk Milkfat f r e e dom 

S i r e  g roup 02 3 , 3 3 9  ( 0 .  2 )  2 5 ( 0 .  6 ) 5 g 

Sires  within g r oup 62 1 1 4 , 3 6 7  s ( 8 .  3 ) 2 7 3  ( 6 .  5 )  4 1  

Herd- yea r '0'2 
h 3 86 ,  9 7 7  ( 2 8 .  0 )  1 ,  42 5 ( 3 3 .  9 ) 1 44 

He rd- yea r x sire  within 62 - 6 1 , 45 3  ( - 4 .  4) - 2 3 9  ( - 5 .  7 ) 5 6 2 g r oup inte ra cti on hs 

E r ro r  02 9 3 9 , 6 1 2 ( 6 7 . 9) 2 , 7 2 1 ( 6 4 .  7 ) 1 , 06 2 e 

Tota l Vd dan c e  1 , 3 8 2 , 842 4 , 205  
00 ·�· 



Table 5 .  4 Va rian c e  c omponent e s timates repo rted by the N .  z .  Dairy Boa r d. 
T he c omponents a s  a pe rcentage of the total va rian c e  a r e  given in pa renthe s e s .  

E stimate  
E ffect 

Milk Milkfat 

H e rd 8 1 9 , 0 0 0  ( 3 3 . 5)  2 , 7 2 2  ( 3 6 . 8) 

Sire 2 2 8 , 0 0 0  ( 9 . 3 )  442 ( 6 .  0 )  

H e r d  x s ire  inte raction - 2 2 , 0 0 0  ( - 0 . 9 ) 9 8  ( 1 .  3 )  

E r ror 

Tota l va rianc e  

1 , 4 1 9 , 0 0 0  ( 5 8 . 1 )  4 ,  1 3 2  ( 5 5 .  9 )  

2 , 444, 0 0 0  7 , 3 9 4  

- - -·-·· · - ---- - - ------------ · 

0:' l,l . 



Table 5 .  5 

E ffect 

He r d  

Sire 

Va rian c e  c omponent e s timates  (milkfat only) 
reported by S ea rle ( 1 96 lb ) .  

E stimate o/o of total 

2 , 040 4 8  

8 0  2 

Herd- by- s i r e  inte raction 5 0  l 

E rror 2 , 040 4 9  

T otal 4 , 2 1 0  

·� ;) . 



R. 7. 

T he comm on ground for ma kin g c ompari s ons of the abs olute 
value s of the e s timate s  of the va riance c omponents o btained from the 
diffe r ent s tudi e s  ( Table s  5 .  3 ,  5 .  4 and 5 .  5 )  a r e  the r e spective 
e s timate s of the e r ror va riance c omponent s inc e ,  in all the studi e s , 
the e r ro r  va rianc e r epres ents within- he r d  residual va riation . A s  
S ea r l e '  s study did not involve milk records , the e s timates in the 
thr e e  studie s may only be compa red usin g e s timates of va rianc e  
c omponents for milkfat yi eld. T he r e s ults in Tabl e s  5 .  3 ,  5 .  4 and 
5 .  5 demon s t rate that whilst  the es timat e s  of the e r r o r  va rian c e  
c omponent p roduc ed b y  analyzing unc o r r e cted records , that is , t he 
pr es ent study ( 2 ,  7 2 1 )  and S ea rle ' s  study ( 2 ,  040)  a r e  s imila r .  Both,  
however , are markedly diffe r ent from the e s timate produc ed by the 
N .  Z .  Dairy Boa r d ' s  analysis  of a g e - c o r r ected records  ( 4 ,  1 3 2 ) .  

T hus , it a ppea rs  that a g e  corrections we r e  largely r e s ponsible for 
the previous ly not ed di s a g r e ement betwe en the size of the e s timates 
obtained in the pres ent study and the size of  the e s timates reported 
by the N. z .  Dai ry Board.  

For c om pa rative purpos e s , the problem of variation in the 
a b s olute s i z e  of e s timates of va rian c e  c omponents o btained from 
diffe rent s tudi e s  may be ove rcom e  by expres sing the e s timates of 

individua l  c ompon ents as percentag e s  of the es timate of the total 
va riance of the re cords c ontributing to the r es pe ctive analy s e s . 
T he r e s ults in Tables  5 .  3 and 5 .  4 dem onstrate that  in the p r e s ent 
s tudy , and that  repo rted by the N .  Z .  Dai ry Boa rd ,  va rian c e  bc·Lw er. 
s i r e s  ha s  a c c ounted for vi rtually the s am e  proportion of t h<:· total 
va riation . T he othe r c ommon variance component in the s e s tudi es  
i s  the e r ro r  va rianc e, but in  this ca s e ,  the a g r e em ent betwe en the 
two analys e s  i s  n ot a s  good. M ost  likely , the lack of a g r e •?.rn ent 
betwe en the propo rtions of the total va riation attributable tc e �· ;: u �� 

s ourc e s  is  a r e s ult of sampling va riation in the data included !:1 the 
two s tudi e s . Likewi s e ,  s ampling va riation proba bly a c c o-:..:r. : s  , -; ::  
the lack of a gr e ement between the perc entag e  e s timates o btain e d  1n 

S ea rle ' s  s tudy ( Table 5 .  5 )  and tho s e  obtained in the othe r s tudies  
( Tables 5 .  3 and 5 .  4) . 



8 � .  

T h e  rea s on for e s tima ting va rian c e  components i n  the pre s ent 
s tudy wa s to obtain e s timates of the ratios : 

i e and 
62 

s 

Howeve r ,  it is informative to us e the appropriate estimat e s  of 
va rian c e  c omponents to obtain an es timate of the within - he r d  
he ritability ba s ed on the expre s s ion : 4 rfl I ( 62 + 62 ) .  The s s e 
e s timate d  ratios of va rianc e components obtain e d  from the pr e s ent 
a s  well a s  the N.  Z .  Dai ry Boa r d  analys e s , togethe r with heritability 
e s timat e s , are  given in Table 5 .  6 .  

T he n otable feature of the r e s ults m Table 5 .  6 i s  the simila rity , 
e s pe cially a s  fa r a s  milkfat yield is  concerned ,  b etwe en the e s timat e s . 

In the s tudy r eported by the N. z .  Dairy Boa r d ,  the model 
employed can be c onside r e d  to be a fully random m odel and the r efo r >:J ,  
the application o f  Hende r s on ' s  M ethod I is  expected t o  produc e 
unbias ed e s timates  of the va rian c e  components . If  this i s  s o ,  the 
r e s ults given in Table 5 .  6 s uggest  that the decision to r ega rd the 
fixed effects ( group effects ) of the model in the p r e s ent study a s  b :o m �  
random effe cts (to make Hende r s on ' s  M ethod I applicable ) , may n ot 
have bia s ed the estimates of the va rianc e c omponents of the random 
effects in the model to any g r eat extent . 

Ill .  ES TIMA TES O F  SIRE BREE DING VAL UES 

The MMS method of s i r e  evaluation wa s appli ed t o  the e di r. o :< ·  A . L  
data using two linea r models ; one in which he rd-yea ..- effec -r; ,.v·" r e  

r e ga r ded as  being random effe cts , i . e . , model A ( C hapte:;.· � } , the 
othe r ,  a va riant of m odel A wher eby he rd-year effects were  
c onsidered to  be fixed effe ct.  T he e s timate s of  the s i r e  b re eding 



Table 5 .  6 E stimates  of va rian c e  c omponent ratios and he ritabilities . 

T rait Study 

·� !-cr2 e s 

Pre s ent 8 . 2 2  

Milk yield 

N.  z. Dairy B oa r d  6 . 2 2  

Pres ent 9 . 9 8  

Milkfat yield 

N. z .  Dai ry Board 9 . 3 5 

(a'  ' I Ba s ed on the e s timates  giv en in Ta bl e s  5 .  3 and 5 .  4 . 

E stimate (a ) 

(}2 /6'2 
e h 

2 . 43 

-

1 .  9 1  

-

Heritability 

0 . 43 

0 . 5 5  

0 . 3 6  

0 . 3 9  

00 
..c.> 
. 
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values for milk and milkfat yield o btained from the s e  analys es , 
together with the c o r r e s ponding N .  z .  Dai ry Board milkfat s ire  
ratin g s  (a s  at the 1 9 7 3  mating s ea s on) , a r e  given in  T a ble  5 .  7 .  

(A s  a nmnb e r  of  s ir e s  did not have a N.  z.  Dairy Boa rd rating fo r 
milk yield, none i s  given in the table. ) Under the s i r e  evaluation 
model us ed in the pres ent s tudy , the s ir e s  were g r oupe d  on the 
bas i s  of y ea r of entering s ervi c e  and in Table 5 .  7 s i r e s  have b e en 
s pa c e d  a cc o rdingly. 

T he impo rtant feature of the r e s ults given in Table 5 .  7 i s  that  
for  many s i r e s , the MMS e s timat e s  of  their breeding value s were  
obtaine d  from a v e ry small num b e r  of daughter reco rds . The r efor e ,  
the e s timate s given in Table 5 .  7 d o  not c onstitute a s ati s fa ctory 
ba sis  for definitive c ompa ris on of the MMS and N. Z .  Dai ry B oa rd 
methods of s i r e  evaluation . Neverthele s s ,  Spea rman rank 
correlation analys es  were applie d  to the estimates in Table 5 .  7 

in order to obtain an idea of the deg r e e  of relationship b etween the 
diffe r ent m ethods of s ire  evalua tion . The rank corr elations amongs t  
the e s timate s of Table 5 .  7 a r e  given in Table 5 .  8 .  

T he Spearman rank c o r relation c oeffici ents we re calculated in 
recognition of t he point that the e s timate s of breeding value given m 

Table 5 .  7 c ons titute a s elected s am ple and ther efc re , p r oduc;; - m m<:. nt 
correlation analys e s  a r e  not appropriat e .  The rank c o r r e lati on 
e s timate s given in Table 5 .  8 dem ons trate that in applying t he MMS 
method of evaluation in thi s  s tudy , t he us e of a model in which he rd­
yea r effe cts are r e garded a s  being fixed,  as oppo s ed to random e ffects , 
would be  of little c ons equen c e  a s  fa r a s  the ranking of the s ires  
involv ed is  c onc erned. In contras t ,  the degree  of  relation s hi p  
betwe en the e s timates of breeding values obtain ed by the M MS and 
N. z .  Dai ry Boa rd m ethods of evaluation is very low. Howev e r ,  it 
has a l r ea dy b e en noted that fa ctors  a pa rt from actua l diffe r enc e s  
betwe en the MMS and N .  z .  Dai ry B oard m ethods of evaluati o:r-. a r e  
likely t o  hav e  played a majo r  role in bringin g  about the low 
correlation b etwe en the e s timate s obta ined from the two m e�tnd e: -:.n 
this c a s e .  T hus , the low correlation betwe en the MMS and N .  Z .  
Dairy Board e s timates of b r eeding value given in Table 5 .  7 a r e  



Table 5 .  7 : E s timates  of  s i r e  b r ee ding value s .  (Si r e  rankings a r e  given in ,ea renthe s es . }  

Sire  (
a ) Daught e r s  E s timate ( lb) 

( la eta tion s )  

MMS N. z .  Dai ry 
Board rating(b)  

Herd-year effects He rd-year effects 

Fix e d  Random Fixed Random 

Milk Milkfat Milkfat 

1 2 2  6 2 1 9  ( 3 )  5 6 84 ( 3 )  3 3 9  ( 3 )  3 0 5  ( 3 ) 3 0  ( 2 7 )  

2 1 0  6 2 2 0  ( 2 )  5 80 9  ( 1 )  3 3 8  ( 4) 3 09  ( 1 )  24 ( 36 ) 

3 9 6 0 5 3  ( 9 ) 5 5 8 8  ( 6 )  3 3 0  ( 8) 2 9 9  ( 6 )  26  ( 3 3 )  

4 1 1  5 83 3  ( 2 6 ) 5 3 0 8  ( 2 4) 3 2 4 ( 1 7 )  2 9 0  ( 1 5 )  2 0  (4 1 )  

5 1 7  5 834 ( 2 5 )  5 2 94 ( 2 5 )  3 3 0  ( 8) 2 96 ( 8 )  2 2  (40 )  

6 1 1  5 8 7 1  (2 1 )  5406 ( 1 8 ) 3 1 3  ( 3 6 )  2 80 ( 3 0 )  24 ( 3 6 )  

7 1 7  5 9 96 ( 1 3 ) 5 56 9  ( 7 ) 3 3 1  ( 7 ) 3 00  ( 5) 24  ( 3 6 )  

8 3 9 r-, 972  ( 1 4 ) 5 4 8 3  ( 1 4) 3 3 0 ( 8 ) 2 96 ( 8 )  40  ( 7 )  

9 1. 6  t . ? } ( -1 ) 5674 (4 )  328  ( 1 3 )  2 92 ( 1 3 )  2 0  ( 4 1 }  -!:> ·-· . 
1 0 t, l (, �\ 1 . I 5 4 1  7 ( ]  7) 3 2 1 ( 2 1 )  2 83 ( 2 6 ) 2 7  ( 3 1 ) 



Table 5 .  7 C ont ' d. 

1 1  2 6  6 1 7 5  ( 5 )  5647  ( 5 )  3 2 7  ( 1 4)  2 92 ( 1 3 )  3 5  ( 1 8 ) 

1 2  7 1  5 7 1 6  ( 3 1 )  5 2 1 2  ( 2 9 )  3 1 8  { 2 5 )  . 2 8 5  ( 2 2 ) 3 5  ( 1 8) 

1 3  3 6  6 046 ( 1 0) 5492 ( 1 3 ) 3 2 3  ( 1 8 ) 2 8 7  ( 1 9 ) 3 4  ( 2 2 )  

1 4  5 9  5 904 ( 1 9) 5 42 8 ( 1 6 ) 3 1 0  { 3 8 ) 2 7 7  ( 36 )  26  ( 3 3 )  

1 5  7 9  6 0 8 9  ( 6 ) 5 5 2 8  ( 8 ) 3 34 ( 5) 2 9 7  ( 7 ) 3 9  { 1 0 ) 

1 6  1 1  5 942 ( 1 5 ) 5 3 9 8 ( 1 9 ) 3 2 9  ( 1 2 )  2 9 3  ( 1 2 )  3 2  ( 2 5 )  

1 7  5 8  6 0 1 3  ( 1 2) 5 4 9 9  ( 1 1 ) 3 4 0  ( 2 )  3 0 5  ( 3 )  4 9  ( 2 )  

1 8  1 3  5 7 1 3  ( 3 2 ) 5 1 7 3  ( 3 1 )  3 1 5  ( 3 1 )  2 7 9  ( 3 2 )  1 5  (44)  

1 9  3 7  6 06 2  ( 8 ) 5 50 7  ( 9 ) 3 3 2  ( 6 )  2 94 ( 1 0 )  3 6  { 1 6 )  

2 0  1 8 3 5 74 7  ( 2 8) 5 2 2 5  ( 2 8) 3 2 5  ( 1 6 )  2 9 0  ( 1 5 ) 3 7  ( 1 3 ) 

2 1  4 0  5 83 7  ( 2 4) 5 2 8 8  ( 2 6 )  3 1 1  ( 3 7 )  2 7 5  ( 3 8 ) 1 5  (44) 

2 2  2 0  5 6 7 2  ( 3 4) 5 1 6 2  ( 3 2 ) 3 1 4 ( 3 3 )  2 80 ( 3 0 )  3 8  ( 1 2 ) 

2 3  8 9  6 3 3 0  ( 1 )  5 8 0 7  ( 2 )  3 4 2  ( 1 )  3 0 7  ( 2 )  49  ( 2 )  

2 4  1 1  5 9 3 3  ( 1 6 )  5452  ( 1 5 ) 3 2 2  ( 1 9 ) 2 9 0  ( 1 7 )  1 7  ( 4 3 )  

2 5  1 5  5 6 2 8  ( 3 7 ) 5 1 24 ( 3 4) 3 1 7 ( 2 8) 2 85  ( 2 2 )  43 ( 4) 

2 6  3 6  5 5 6 3  (42)  5 0 3 9  ( 40 )  3 06 ( 4 1 )  2 72 ( 3 9 ) 26  ( 3 3 )  

2 7  2 2  5 9 3 0  ( 1 7 ) 5 5 0 3  ( 1 0 ) 3 1 8 ( 2 7 )  2 87 ( 1 9 ) 34 (2 2 )  

2 8  2 7  5406 ( 44) 4922  ( 44) 2 93 (47 )  259  ( 4 6 )  2 7  ( 3 1 )  

2 9  9 54?. 5  (43 )  4 9 2 7  ( 4 3 )  3 0 3  ( 44) 2 70 ( 4 1 )  1 5  ( 44) 
--o 

3 0  3 5  5 8 1 8 ( 2 7 ) 5 2 80 ( 2  7)  3 1 8  ( 2 5 )  2 82 ( 2 7 )  4 1  ( 5 )  N 
• 

� 1  2 0  5 6 :� 8  ( 3 5 )  5 1 1 1 ( 3 5 )  3 1 4 ( 3 3 )  2 7 9  ( 3 2 )  3 9  ( 1 0 )  



Table S .  7 C ont ' d. 

3 2  1 3 0  5 3 6 3  (45 )  4806  (46)  3 0 8  ( 3 9 ) 2 7 1  (40)  4 0  ( 7 ) 

3 3  94  5682  ( 3 3 )  5 l l 0 ( 3 6 ) 3 1 9  ( 24)  ·2 82 ( 2 7) 3 6  ( 1 6 )  

3 4  1 5  5 3 2 4  (46 ) 4 9 0 7  (45 )  2 9 5 ( 4 5 )  264  (45 )  3 4  (22 )  

3 5  1 3  5 844 ( 2 3 ) 5 3 2 1 ( 2 3 ) 3 2 2  ( 1 9 ) 2 87 ( 1 9 ) 3 2  ( 2 5 ) 

3 6  3 0  5 7 1 9 ( 3 0 )  5 1 3 8  ( 3 3 ) 3 04 (43 )  2 6 6  ( 44) 30 ( 2 7 ) 

3 7  1 5 0 5 9 1 8  ( 1 8 ) 5 3 6 4  ( 2 0 )  3 2 1  ( 2 1 )  2 8 4  (24)  40 ( 7 )  

3 8  9 7  5 2 9 1  (4  7 )  4 7 1 9  (47 )  295  (45 )  257  (47 ) 1 0  (47 )  

3 9  9 3  5626  ( 3 8) 5 06 0  ( 3 8 ) 3 2 1 ( 2 1 )  2 84 ( 24) 4 1  ( 5 ) 

4 0  l l O  5 8 96 (40)  5 3 5 3  ( 2 1 )  3 1 7 ( 2 8 )  2 8 1  ( 2 9 )  3 7  ( 1 3 )  

4 1  1 8  6 0 6 8  ( 7 )  5495  ( 1 2 ) 3 2 7  ( 1 4 )  2 9 0  ( 1 7 ) 3 0  ( 2 7 )  

4 2  9 6  5 745 ( 2 9 ) 5 1 9 3  ( 3 0 ) 3 1 5  ( 3 1 )  2 7 8  ( 3 5 ) 3 5  ( 1 8 ) 

4 3  8 0  5 8 5 4  ( 2 2 )  5 3 2 2  ( 2 2 )  3 3 0  ( 8 ) 2 94 ( 1 0 )  5 2  ( 1 )  

44 2 9  5 6 0 9  ( 3 9 ) 5 04 8 (3  9) 3 0 5  (42 )  267  (43 )  24  (36 )  

4 5  1 2  5 5 95  ( 40)  5027 (42 ) 3 0 7  ( 40)  270 (4 1 )  3 0  ( 2  7 )  

46 6 8  5 5 80 (4 1 )  5 0 3 9  (40)  3 1 4 ( 3 3 )  2 77 ( 36 )  3 7  ( 1 3 ) 

47  40  5629  ( 3 6 )  5 0 80 ( 3 7) 3 1 6  ( 3 0 )  2 7 9  ( 3 2 )  3 5  ( 1 8 ) 

- -- · 

(a ) N.  Z .  Da j ry B oa rd s i :r c  c od e s  a r e given in A pp e n dix l .  ...0 

(b ) 
1.1-l 

S ou r ce :  N .  z .  Dai r y  B oa r d  1 9 73 : A rtificial  B r e e din g S e rvic e ,  R efe r enc e Catalogue . 
• 



Table 5 .  8 Spea rman rank corr elation s amongs t the b r e eding value es timates given in Table 5 .  7 .  
(Degrees  of  free dom = 45) . 

M ethod 

N. Z .  Dai ry Board 

MMS He rd-yea r random 

N .  S .  : .  P> 0 .  0 5 .  

He rd-yea rs fix ed 

Milk Milkfat 

Milkfat 0 .  25 N. S .  

Milk o . 9 8 ':, ,:, ,:, 

Milkfat 0 .  9 8 >:< >:< >:< 

>:'* ': = p < O .  0 0 1 .  

MMS 

H e rd-yea rs  random 

Milk Milkfat 

0. 22 N . S .  

._J:> 
*' 

• 
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unlikely to r eflect the true diffe r en c e s  ( i f  they occur)  b etwe en the 

two m ethods a s  fa r a s  s i r e  r ankings a r e  concerned.  

Sires  belonging to the N. z.  Dai ry Boa r d' s proven bull t eam in 

the 1 9 7 3  mating s ea s on all had both a milk and milkfat rating and 

the refo r e ,  it  was decided that a c ompa ri s on of the MMS and 

N. Z .  Dai ry Board methods of evaluation has ed on b r e e ding value 

e s tinlates for  both milk and milkfat yield might be  informative .  

T he e s tinlates  of the proven s ir e  breeding value s for  milk and 

milkfat yield obtaine d from a pplication of the MMS and N. z .  Dai ry 

Board methods of evaluation a r e  given in Table 5 .  9 .  

T he r e s ults of S pea rman rank c o r r elation analy s es of the 

e s tinlates given in Table 5 .  9 a r e  recorded in Tabl e 5 .  1 0 . 

A lthough the ave rage numbe r of la ctation r e c o r ds which 

c ontribut e d  to the MMS e stinlate of  the breeding value s of the s i r e s  

i n  the N .  Z .  Dai ry Boa r d ' s p roven bull team for 1 9 7 3  i s  la rger  than 

that w hen all the s i r e s  of this s tudy a r e  included ( 4 8  and 62 , 

r e s pectively) , a definitive c ompa ris on of the MMS and N .  Z .  Dairy 

Boa r d  m ethods of evaluation i s  not pos sible . T he r e s ult of 

particula r inte r e s t  in Table 5. 1 0  i s  the l ow correlation between 

the milk and milkfat rating s  de rived from the N .  z .  Dairy Boa rd ' s 

method of s i re evaluati on , e s pecially when com pa r ed to the 

c o r r e s ponding correlation s  fo r the MMS m ethods of evaluation . 

The low c o r r elation between the N. z .  Dai ry B o a r d  milk and m i l kfat 
ratings is probably due to the fact that milk yie ld ratin g s  have only 

rec ently been introduc e d  by the Boa r d  and con s equently , a s i re ' s  

milk rating is often ba s ed on fewer daughter  r e c o r ds than i s  the c a s  
fo r hi s milkfat rating . It  is  a l s o  o f  interest  to  n ot e  that in Table 5 .  1 0  
the corr elations between the N. z .  Dai ry Boa r d ' s milk ratings and the 

MMS e s timates of breeding value for milk yield  a r e  highe r than t he 

c o r r e s ponding correlati on s fo r milkfat yield. A s  before ,  the 

appropriate correlation e stinlate s in Table 5 .  l 0 indicate that  m 

this s tudy , regarding her d-year effects to  be eithe r fixed o r  random. 

effects ha s had little effect  on s i r e  rankings p roduce d  by the MMS 

m ethod of s i re evaluation . 



Table 5 .  9 : E s timated breeding values of the s i r e s  belonging to the N .  Z .  Dai ry Boa rd ' s  Eroven bull 

Sire  

8 

1 1  

1 3  

1 5  

1 7  

J 9 

0 

'• .) 
:) s 

team in the 1 973 mating s e a s on .  

Daught e r s  
(lactations ) 

Herd-
yea r 
fix e d  

3 9  5 9 72 ( 7 )  

2 6  6 1 75 ( 2 )  

3 6  6046 ( 5 )  

7 9  6 0 8 9  ( 3 )  

5 8  6 0 1 3  ( 6 )  

3 7  6 062  ( 4) 

1 R i 5747  ( 1 3 ) 

s e 6 3 3 0  ( l ) 

1 r:, 56 2 8  ( 1 9 ) 

MMS 

Milk 

Herd-
yea r 
random 

5 4 8 3  ( 8 ) 

564  7 ( 2 )  

5492 ( 7 )  

5 5 2 8  ( 3 )  

5 4 9 9  ( 6 )  

5 5 0 7  (4 )  

5 2 2 5 ( J 3 ) 

:, 8 1J"/ 1 .! ) 

: ! ? 11 I 1 6 ) 

{Si r e  ran kings a re given in Ea r enthe s e s . }  

E s timated b r e e ding value 

Milkfat 

N . Z .  Dai ry MMS N .  z .  Dairy 
Boa r d  
rating( a )  B oa r d  

rating(a )  

Herd- Herd-
yea r yea r 
fixe d  random 

6 3 1 ( 1 1 ) 3 3 0  ( 5 ) 2 96 (4 )  40  ( 7 ) 

8 7 7  ( 1 )  3 2 7  ( 7 ) 2 9 2  ( 7 ) 3 5  ( 1 7 ) 

7 3 2  ( 4)  323 ( 9) 2 8 7  ( 9 )  34 ( 2 0 )  

6 9 7 { 6 )  3 34 { 3 )  2 9 7  { 3 ) 3 9  ( 1 0 )  

5 9 7  ( 1 3 ) 3 4 0  { 2 )  3 0 5  ( 2 )  49  ( 2 )  

6 7 5  { 8 ) 3 32 ( 4) 294 { 5 ) 3 6  ( 1 5 ) 

406 { 2 0 ) 3 2 5  { 8)  290 ( 8 ) 3 7  { 1 2 )  

864 ( 2 )  342 ( 1 )  3 0 7  { 1 )  49 ( 2 )  

3 4 2  ( 2 3 )  3 1 7  { 1 5 ) 2 8 5  ( 1 1 ) 43 ( 4 )  

-..D 0'· . 
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2 6  3 6  

2 7  2 2  

2 8  2 7  

3 0  3 5  

3 1  2 0  

3 2  1 3 0 

3 3  94 

3 4  1 5  

3 6  3 0  

3 7  1 50 

3 8  9 7  

3 9  9 3  

4 0  1 1 0 

42  96 

4 3  80 

44 2 9  

4 5  1 2  

46 6 8  

4 7  40 

5 5 6 3  (24}  

5 9 3 0  ( 8 } 

5 406 ( 2 5 } 

5 8 1 8  ( 1 2 } 

5 6 3 8  ( 1 7 } 

5 3 6 3  ( 2 6 }  

5 6 82 ( 1 6 } 

5 324 ( 2  7 )  

5 7 1 ? ( 1 5 ) 

5 9 1 8  ( 9 )  

5 2 9 1  ( 2 8) 

5 6 2 6  ( 2 0 )  

5 8 96 ( 1 0 ) 

5 74 5  ( 1 4) 
5 8 54 ( 1 1 ) 

5 6 0 9  ( 2 1 )  

5 5 9 5  ( 2 2 )  

5 5 80 ( 2 3 )  

5 6 2 9 ( 1 8) 

5 0 3 9  ( 2 2 }  

5 5 0 3  ( 5 }  

4922  ( 2 5 }  

5 2 8 0  ( 1 2 } 

5 1 1 1  ( 1 7 }  

4806  (2  7}  

5 1 1 0 ( 1 8) 

4907  ( 2 6 )  

5 1 3 8  ( 1 5 ) 

5 3 64 ( 9 ) 

47 1 9  ( 2 8) 

5 060 ( 2 0 )  

5 3 5 3  ( 1 0) 

5 1 9 3  ( 1 4) 
5 32 2  ( 1 1 ) 

5 04 8  ( 2 1 )  

5 02 7  ( 24) 

5 0 3 9  ( 2 2 )  

5 0 8 0 ( ]  9) 
-·- - --�----·-

4 8 7  ( 1 6 }  3 06 ( 24} 272 ( 2 1 }  

7 6 5  ( 3 }  3 1 8  ( 1 3 }  2 87 ( 9 } 

6 5 3  ( 1 0 } 2 93 ( 2 8} 2 5 9  ( 2  7}  

7 0 1 ( 5 }  3 1 8  ( 1 3 }  2 8 2  ( 1 4} 

4 8 7  ( 1 6 )  3 1 4 ( 1 9 }  2 7 9  ( 1 7) 

2 5 8  (26 }  308  ( 2 1 }  2 7 1  ( 2 2 )  

4 7 4  ( 1 8 ) 3 1 9  ( 1 2 )  2 8 2  ( 1 4) 

3 3 3  ( 2 5 )  2 9 5  ( 2 6 )  2 6 4  ( 2 6 )  

6 1 7  ( 1 2 ) 3 04 ( 2 5 )  2 6 6  ( 2 5 ) 

6 9 2  ( 7 )  3 2 1  ( 1 0) 2 84 ( 1 2 ) 

- 3 5  ( 2 8} 2 9 5  ( 2 6 )  2 5 7  ( 2 7 ) 

3 3 7  ( 24)  3 2 1  ( 1 0 )  2 84 ( 1 2 )  

6 5 7  ( 9 ) 3 1 7  ( 1 5 ) 2 8 1  ( 1 6 )  

3 9 0  ( 22 )  3 1 5  ( 1 8 ) 2 7 8  ( 1 9) 

5 36 ( 1 4) 3 3 0  ( 5 )  294 ( 5 )  

2 5 8  ( 2 6 )  3 0 5  ( 2 3 )  2 6  7 ( 24) 

4 8 9  ( 1 5 ) 3 0 7  ( 2 2 )  2 70 ( 2 3 ) 

3 9 7  ( 2 1 )  3 1 4 ( 1 9 ) 2 77 ( 2 0 )  

4 1 4 ( 1 9 ) 3 1 6  ( 1 7} 2 7 9 ( 1 7 ) 

( a }  S o u r c e :  N .  Z . Da iry B oa r d ' s A rtifi ci a ]  B r e e ding S e r vi c e ,  R e f e r en c e  C ata l o g ue , 1 9 7 3 .  

2 6  ( 2 6 }  

3 4  ( 2 0 }  

2 7  ( 2 5 }  

4 1  ( 5 )  

3 9  ( 1 0 ) 

40 ( 7) 

3 6  ( 1 5 ) 

3 4  ( 2 0 )  

3 0  ( 2 3 )  

4 0  ( 7 ) 

1 0  ( 2 8 )  

4 1  ( 5 )  

3 7  ( 1 2 )  

3 5  ( 1 7 ) 
5 2  ( 1 )  

2 4  ( 2 7 )  

3 0  ( 2 3 )  

3 7 ( 1 2) 

3 5  ( 1 7 ) 
...., 
-.] 
. 



Table 5 . 1 0  Spea rman rank c o r relation coefficients ha s ed on the e s timat e s  of b r e e ding 

value for the s i r e s  of the N.  Z .  Dai ry Board 1 s pr oven bull team in the 

1 97 3  mating s ea s  on . (Degrees  of  freedom = 26 ) .  

MMS 

M ethod Herd-yea r s  fixed Herd-yea rs  random 

Milk Milkfat Milk Milkfat 

Milk 0 • 8 6 >:< >:< >'.< o .  9 9 :0:< >:<>:< 

He r d-y ea r s  fixed 
Milkfat o. 9 8 >:< >:< >:< 

MMS 

Milk o.  8 8 >:< >:< :0:< 

Herd-yea r s  random 
Milkfat 

M i lk 

N .  z .  Da i l " B o a r d  
M i l kfat 

N .  z .  Dai ry 
B oa rd 

Milk Milkfat 

o . 8 1  * �'* 

o .  6 9 >:'* ':' 

o .  8 0 >:< >:< >:< 

0 .  6 7 ** ':< 

0 . 1 7 N . S .  

·-----------------------.. -- - --

-..(� a;.. 
. 



C HA PTE R 6 

D I S C U S S I O N 

In c onside ring the extent to which the r e s ults of the p r e s ent 

study can be gene rali z e d ,  it is  n e c e s s a ry to ta ke into a c c ount  s om e  

a s pects  o f  the s ample o f  data whi c h  wa s analyzed.  In C ha pt e r  4 ,  
i t  wa s indi cated that becaus e of limite d  res ourc e s , the lactation 

r e c ords of only tho s e  2 -yea r - ol d  heife rs  that were of the Je rs ey b re e d  

and milked in the area s e rvic e d  by the Auc kland Herd Im provement 

A s s ociation , w e r e  s c r eene d  fo r data . Furtherm o r e , it wa s :10 e d  

that i n  m e eting the requi rements of the e s timation p r o c e dures 

employed in the s tudy , it wa s pr obable that a highe r - than-ave ra J! e  

propo rtion o f  la ctation rec ords produc ed by pedi g r e e  anima i � · ,  ;:;. s 

s ampled .  The figur e s  in Table 4 .  3 s how that the data in c lt:.d - c: 
lactation r e c o rds from a l a r g e r  numbe r of non- A .  I .  b r e d  an in� a 1 .  

than A .  I .  - b r e d  animals ( 3 ,  86 9 and 3 ,  1 0 1 , res pectiv e ly) wr.i ·- .- .. g gt s t s  

that the extent of A .  I .  usage ( i . e .  , proven s i re us a g e) in the �1e r as 

s c r eened for data wa s not la r g e .  T he s e  c ha racteri s ti c s  of t he aata 

n e ed to be borne in mind in drawing c onclus i ons  from the study . 

An important attribute  of the data wa s that all  w e r e  fi r s t ­

lac tation records . I n  this c onne ction , Powell,  Spike a n d  M e a dows 

( 1 9 7 3 ) , in a s tudy of the c ha racteri s ti c s  of fir s t - la ctati on ... e c o rds 

c omm ented: "The fi r s t  lactation s hould be the m o s t  m eaningful , 

gene rally free from confus i on s  of dry period,  previous production , 

s el e ction [ culling] , and cumulative dis orde r s  n ot nec e s s a rily 

attributable to  a c ow ' s  [ g enetic J m e rit . " More ove r ,  a s  the r e c o rds 

9 9 .  
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included in the pres ent s tudy w e r e  produc e d  by c ows all of the s am e  

a g e  ( 2 -yea r - olds ) ,  c o r r ections f o r  a g e  w e r e  unne c e s s a ry and 

c ons equently , the diffic ultie s  a s s ociated with thei r us e ( c on sidered 

in C hapter 2 ) , were  avoide d.  

Anothe r a s pect of the data r e q m rmg c omm ent i s  t hat no gen e ra l  

a dj us tm ent o f  the la ctation reco rds for va riati on i n  day s  i n  milk 

( lactati on length) wa s made , othe r than exclus i on of rec ords from 

lactations s ho rter  than 1 00 days and correction of r e c o rds made in 

an inte rval exc eeding 3 0 5  days . Dealing with va riation in lactation 

l ength in this manne r is  not expe cted to have bias e d  the re s ults of 

the pres ent s tudy to any great extent. Van Vle c k  ( 1 96 2 ) found t hat 

the bia s in sire evaluation from ignoring incomplete fi r s t - la ctation 

records  ( i . e . , produc e d  in le s s  than 3 0 5  days ; te rminated by 

v olunta ry culling,  but n ot including the r e c o rds of c ows genuinely 

dry) ,  wa s small and unimportant . Powell et a l .  ( 1 9 7 3 )  s howe d  t ha t  
although the m ethod of  extending volunta rily te rminat e d  fi r s t - la ctati on 

r e c o rds ( les s than 3 0 5  days )  had a s i gnificantly diffe r ent effe ct among 

s i re s  ( s i gnificant s i r e - by -metho d  of extension inte raction ; p <: 0.  0 5 ) , 

it had little effect on s i r e  ranking .  

A N ew Z ealand s tudy ( N .  Z .  Dai ry Boa rd,  1 9 5 8) ,  demons t rated tha t  

3 .  2 pe r c ent of fir s t  la ctation s we r e  terminated in l e s s t han 1 00 dc. y s  
becaus e of low production , failure to milk,  di s e a s e or  a c ciden c .  . .1 
the s am e  s tudy , an analysis  of va riance  s howed that va riati on �r. t he 
la ctation len gth of 2 -yea r - old heife rs  wa s s i gnificantly diffe r .�L ·� 

betwe en s i r e s  ( p< 0 .  0 1 )  and that the he ritability of fi r s t - lact- :� on 

length wa s 0 .  1 6 .  The s e results drew the comm ent: " By exc J.u.ding 
la ctations of l e s s tha n  1 00 day s  s om e  bulls  will be  ove r rated ,  out 
from the s e  figure s  it is likely that the daught e r s  r em aining in t:h 
[s i re] s urvey will als o be below average in lactation len gth. ' '  

However ,  in a lat e r  and m o r e  exten s ive s tudy ( N .  Z .  Dairy B e- (;.  r .:-� 
1 96 9) ,  the he ritability of fi r s t - la ctation length wa s e s timated tv b e  
0.  09 .  This s uggests  tha t  the abs ence of routin e c o r r ecd on � cl"  
va riation in la ctation length i s  unlikely to bias the r e s ults  of  s iudi e s  
utili zating only fi r s t- lacta tion r e c o rds . 
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In C hapt e r  5 ,  it wa s c omm ented t hat  dis a g reement amon g s t  

t h e  e s timate s of genetic trend, allied with g ene rally l a r g e  s tanda r d  

e r ro r s , pre cluded r eliabl e conclusions a s  t o  t he nature of the g enetic 

trend in t he data . Neve rthele s s ,  t he point of intere s t ,  pa rticula rly 

with res pect to t hos e e s timates obtained by appli cation of the 

unweighted intra - s i r e  r e gres s ion and MMS m ethods of e s timation , 

i s  that,  des pite expe ctations (ba s e d on s tudi e s  reported in t he 

lite ratur e ;  c on s ide red in C hapt e r  2 ) ,  it i s  unlikely that t he genetic 

t rend in t he data of the pres ent s tudy wa s positive .  In view of 

s u rveys c onduct e d  by the F a rm Production Division of the N.  Z .  Dai ry 

Boa rd,  this i s  quite an interesting r e s ult .  For ins tan c e , from 

knowledge of s i r e  ratings and s i re us a g e  patterns , it ha s been 

e s timated ( N .  Z .  Dai ry Board ,  1 9 74) that  the us e of prov en s i r e s  in 

A . I .  in t he pe riod bounded by t he 1 9 5 6 - 5 7  and 1 9 7 2 - 73 dai ryir"!:O  

s ea s ons , ha s rai s ed t he pr oduction of t he national he r d  and hL r d s  
having continuous ly us ed A . I .  by 1 9 . 3 lb . and 42 . 7 lb.  of milkfa t ,  

res pe ctively . The cor res ponding e s timate s  fo r t he pe riod cove r e d  

in the pres ent s tudy ( 1 96 6 - 6 7  and 1 972 - 7 3 da i rying s ea s ons , inc l us ive)  

a re 1 3 . 4 lb . and 2 1 . 0 lb .  of  milkfat repr e s enting an annual g t"· ner ic  

gain of 1 .  9 1  lb . and 3 . 0 l b .  of milkfa t ,  r e s pectively . T he n - .:; u: ts of 

t he pres ent s tudy gene rally do not c oncur wit h  its es timate s 

The fact t hat t he e s timates of genetic tr end reported by t fie _\j .  Z .  
Dai ry Board ( 1 9 74) a r e  predictions ba s e d on e s timate s  of prog eny 

s upe riority rat he r t han e s timate s of the a ctual genetic c hange m t he 
population , may pa rtly explain their  la c k  of agr eement with t he r e .- �lts 
of the pres ent s tudy . It wa s noted in C hapte r 2 t hat s eldom hav e:  t n e  
e s timates of actua l genetic c hange in dai ry cattle populati ons r e a c he d  
t he l evels predicted o n  t he ba sis  of e s timate s of progeny s upe nv r:i.ty . 

Furthermore , it wa s s hown t hat in an impr oving population , the d.elay 
between conception and c ompl etion of a fi r s t  l a ctation by the heife r 

means t hat ,  re lative to a ctual genetic trend in the populati on , the 

prediction appr oa c h  is effectively four yea r s  "out - of - date ' ' . In a 
dis cu s s i on on r elating progeny s upe riority to genetic trer"d  _. n c a t tl e , 
P. D. Mill e r  ( 1 96 9) c ommented: "Geneti c  c hange , howeve r ,  -' '- , . e :-1 �� .; 

not on the s upe rio rity of progeny to t he pa r ent population but on : h e  
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s uperio rity of repla c em ents to  the exis ting population , the proportion 

of the population which is repla c e d ,  and the culling within the 

exi s ting population . "  C lea rly , genetic trend i s  a fun cti on of not 

only the genetic s upe rio rity of s i r e s  available to a dai ry c ow population 

through A .  I . , but als o the s el e ction and breeding pra cti c e s  within 

individua l he rds . In thi s  c ontext, the fact that it is like ly that a 

highe r  than ave rage numb e r  of pedigree  he rds wa s s c reened for data 

in the pres ent s tudy, ha s impo rtant im plication s . 

It  i s  well known , that  fa rm e r s  owning pedi g r e e  ( r e gi s t e r e d) he rds 

do not rigidly a dhe re to the principle s  of s electi on ba s ed on productive 

pe rfo rman c e  and that "type " c ha ra c teristic s ,  of doubtful im po rtanc e ,  

a re often given undue empha s i s . Thus , the ab s en c e  of a pos itive 

genetic tren d  in the data may reflect  a lack of s el e ction pre s s ur e  for 

milk and milkfat production in the he rds s c reened for the data included 

he r e .  It ha s a l r ea dy b een noted that a la rge r num b e r  of non - A . I .  

bred animals  than A .  I .- bred animals  were repr e s ented in the da tc� 

( cf .  Table 4 . 3 ) and the refo r e , the lack of pos itive genetic trend in t he 
pres ent s tudy may als o have been due to ins uffi cient us e of s i re s  

reliably evalua ted as  being o f  s upe rior genetic m e rit.  C onside r i ng 

the s e  point s , the estimates  of genetic trend obtained m o s t  likely refl e c t  
the s pecial c ha ra cteri s tics  o f  the data and not the gen etic trend i n  the 
ove rall  dai ry c ow population in this country. 

A re s ult of pa rtic ula r int e r e s t  which als o r elates  to tl:;r :: s � : r;- a t e s  

of genetic trend , i s  the v e ry poor agreement ( frequently ir. .; o lvir:: ·;, 

oppos ite s ign) betwe en the e s timates  obtained from a pplication , J :  t h :  
weighted,  a s  oppo s e d  to the unweighted intra - s i r e  r e gre s s iur" ;r t' t ho d s  
of  e s timation ( Table 5 .  1 ) .  Although by no  m eans c on clusiv E: ,  t h� r e  
a re a few points which s ug ge s t  that  pos s ibly i t  is  the e s timates  chtain.ed 

by the application of the weighted intra - s ire r e gr e s s i on m e t ::c ,."! of 

e s timation t hat could be at fault . The s e  a r e :  

( i )  The e s timates  o f  geneti c  trend obtain e d  using the· ::-,.2v�: s 
m etho d  of e s timation ag ree much m o r e  clos ely wi th t !';e 

e s timates obtained usin g  the unweight e d ,  as oppos e C:  t :.,  t he 
weighted intra - s i r e  r e g res sion method.  
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(ii )  When c ompa re d  a c r o s s the different s ets  of data , the 

es timates of genetic trend produc ed by applying the weighted 

r e g r e s sion ( Table 5 .  1 )  a r e  l e s s  c onsis tent than tho s e  obtained 

us ing the unweig hted int ra - s i re regres s i on m ethod. 

( iii )  The e s timates of genetic trend pe r year for milk yield of 

- 3 3 3 . 3 lb . (non - A .  I .  data) and 4 2 8 . 4 l b .  ( e dited -A . I .  data) 

obtained from applying the weighted intra - s i r e  regr e s s i on 

a re extraordina ry and diffic ult to accept .  

If  the e s timates obtaine d  us ing the weighted intra - s i r e  regre s s i on 

m ethod a r e ,  in fa ct , in e r r o r ,  the r e  appea rs  to be  two main a re a s  

wher e  thi s  may have a ri s en .  T he s e a r e :  

( i )  Inc or rect  c omputation of the e s timate s .  

(ii) The m ethod may be inappropriate from a the o r etical 

s tandpoint. 

Incor rect com putation cannot be unequivoca lly rejected ,  b ut ; 

doe s s e em to be  unlikely s inc e the c omputer programm e whi c h  wc.. s 

written to apply the weight e d  and unweighted intra - s ire  r e g re s ::;  ... o;.  

methods of e stimation wa s tes ted in a number of s ample runs  prior 

to  being appli ed to the actual  data . Howeve r ,  a point about tb.is 
approa c h  in e s tablis hing ac curate c ompute r prog ramm e s  is  that  i n  

devi s ing te s t  analys e s , the prog ramm e r  beli eves that he i s  <tb:c : o  
predict a ll the peculia riti e s  which may a ris e and which a rc ca pa b l e  
o f  lea din g the prog ramme into producing inc orrect  res ults . 

c e rtain cir cum s tanc e s , pa rticula rly when unbalanced data a r e  o e ir.E 
analy z e d ,  this belief may be presutnptuous . The fa ct that the 0cr.ctic  
tr end e s timate for milk yie l d  in the edited - A .  I .  data (42 8 .  4 lb /yt:: ?.. :!"} 

wa s v e rified exa ctly by hand calculation s uggests  that c om puta tional 

e r r o r s  may not be the explanation for the que s tion ed r e s ults . 

It  i s  doubtful that the weighted intra - s i r e  regres s i on m ethod for 

e s timating genetic trend i s  inappropriate from a theoretica l s tandpoint . 

A c c o r ding to Hic kman ( 1 97 1 ) ,  the theoretical expectati on of the 

regre s s i on coefficient c once rn e d ,  indicated that the weighted intra ­

s i r e  r e g r e s s ion m ethod does yield an unbias ed e s timate of the genetlc 



trend in a population . In addition to having b e en s uc c e s s fully 

applied ( Hickrnan ,  1 97 1 ) ,  the weighte d  intra - s i r e  r e g re s s ion 

te chnique fo r e s timating g enetic tren d  repre s ents  a logical  

s equence  of  idea s . 
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The i d e a  of weighting a within - he r d  and within -yea r producti on 

deviation of A .  I . - bred ,  a s  oppo s e d to naturally - b r ed animals  by the 

inve rs e of the va rianc e  of the deviation a s  a way of in c r ea s in g  the 

reliability of the c ompa ris on ,  wa s int r oduced by R obe rts on and 

Rendel .  ( 1 9 5 4) . In  orde r that s uch c om pa rison s  be  unbia s e d by any 

genetic t r en d  in the naturally - bred population , Van Vleck and 

Hende r s on ( 1 96 1  b)  propos ed a lea s t  s qua res  pro c e dure whi c h  wa s 

ba s ed on the analy s is of weighted within- herd and within -yea r 

production deviations (fi rs t - la ctation r e cords only) of the A .  I .  - and 

naturally - bred populations . Smith ( 1 96 2 )  drew attenti on to the fa ct  

that the r e g r e s sion of  within - s i r e , within - herd ,  and within -yea r 

producti on deviations on time repres ent s minus one - half the ove rall 

genetic t rend in the population .  If the deviations in the m ethod 

proposed  by Van Vle c k  and Hende rs  on ( 1 96 1  b)  are calculated on a 

within - s i r e  a s  well a s  a within - he rd and within -yea r ba s is , and 
furthe rm o r e , if  no  weighting fa cto r s  a r e  us ed,  their  method is  

equivalent to  that outlin ed by Smith ( 1 9 6 2 ) . On the othe r han d  

Hic kman ( 1 9 7 1 )  propo s e d  t ha t  within - s i r e , within- he r d ,  a.r, d  w _ ;  >.1.; ­
year deviati ons calculated in applying the m ethod propo s ed oy Sr:L � h  
( 1 962)  b e  weighted by the inve r s e  of thei r va rian c e s  befo re b e ·mg 

r e gre s s e d on tim e .  If  the method propo s ed by Van V l e c k  and 

Henders on ( 1 96 l b) is  applied on a within- si r e  as well as a witl-.i::-. - he ru 
and within-yea r  s ubcla s s ba s i s , the r e s ulting technique j s  equivalent 

to the metho d  s ugges ted by Hi c kman ( 1 97 1 ) ;  i . e . , the weight e d  i.tltra ­
s i re regr e s s i on m ethod of e s timation us e d  in the p r e s ent s tudy .  

The othe r a s pe ct i n  the theory of the weighted intra - s i r e  

r e gres sion a pproach relates to  the weighting fa ctor its elf .  .;.r. ·, a. 

p r e s ent s tudy , weighting fa cto rs  of s ize  1 0  (or  more)  we r e  :"" L: :..: ll:  ·· : -.v 

encountered s o  that  a deviation with a c o r r e s ponding weighb ::-.�  :;:,. - - o .r  

o f  1 0  carri e s  ten tim e s  the "wei ght "  o f  a deviation with a we i g nL1: _.. 

fa c tor  of one .  It c ould be , that unde r c e rtain circum s tanc e s , 

weighting a within - he rd pr oduction deviation by the inve r s e  of its  
va riance  tends to  "ov e r  empha s i z e "  the reliability of the dev' aLon .  



1 0 5 .  

I f  thi s  we re the ca s e ,  the effe ct i s  expected to b e  m o r e  important 

w hen only a small s et of data is b eing ana ly zed;  for ins tanc e ,  in t he 

e dited-A . I .  data . 

Unfo rtunately , the dis ag r e ement b etween the e s timates of genetic 

t r end produced by the two intra - s i r e  r e g r e s s ion te chniques remains 

un explained .  

The way in which non - random mating effects the e s timate s of 

genetic trend produc e d  by applying intra - s i r e  regres sion techniq ue s  

wa s c ons ide r e d  in C hapter  2 .  F o r  ins tan c e , i t  wa s noted tha t  if 

older s ires  tend to be mated to  old e r  c ow s , estimates of genetic t r end 

which a r e  ba s ed on c hange in perfo rmanc e of half s i s te r s  ove r  tim e 

( e .  g . , intra - s i r e  regr e s s ion m ethods ) ,  a r e  downwa rdly bia s e d .  

H owev e r ,  Smith ( 1 96 2 )  noted that the bia s i s  avoided i f  the int ra - s i r e  

r e gres s ion t e c hniq ue s  a re applied on a within-age of dam ba s i s . 

W hile thi s  i s  a c c e ptable from a theoretic a l  s tandpoint , in pra cti c e  the 

s ug ge s tion may be unwo rkabl e .  In C ha pt e r  5, attention wa s d rawn to 

the high rate of data rejection when intra - s ire  regres s i on m et hods a re 

us ed and ,  the refor e , if yet anothe r  c la s s ification i s  int roduc e d  

( i . e . , deviations calculated o n  a within - a g e  of dam , within - s i r e , 

within - he r d ,  and within -ye a r  ba sis ) ,  the p r oblem of the low rate of 

utilization of the input data would be  aggravated.  Thus , whe r e  r. on -
random mating i s  thought to be  important , a more reali s tic app:roa c :� 
in ove rcoming the bia s may be that a dopte d by Sy rstad ( 1 96 6 )  of 
e s timating the m a gnitude of the bia s and c o rrecting the e s tim a t e  

g en etic trend.  In the pres ent s tudy , age of dam wa s not r e c v r Ge (1 0 

that is  is not known whethe r non - random mating may have affe c:ec. the 
e s timate s of g enetic trend produc ed by appli cation of t he intra - s i r e  

r e gres sion m ethods of e s timation. 

In the pa s t ,  the intra - s i re regres sion m ethods of e s timating 

genetic trend have ha d an a dvantage ove r  the MMS m ethod of 

e s timation (and va riations the r e of) in tha t  they pla c e  le s s  demand un 

c omputing facilitie s .  Howeve r ,  the developm ent of modern c om pute rs  

has probably r em oved that a dvanta g e .  B a s ed on the c om m ents of 

Hende r s on ( 1 9 7 3 ) , it would s e em that  s kilful! prog ramming and m ode :cn 
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c omput e r s  have made it pos s ible fo r the MMS m ethod of e s timating 

g eneti c  trend to b e  a pplied to a lmost  unlimited data . In the pres ent 

s tudy, a notabl e a dvanta ge of the MMS m ethod for e s timating genetic 

tren d ,  in compa ri s on with the intra - s i r e  r e g r e s sion technique s ,  wa s 

its hig he r  deg r e e  of utili zation of input data . Ha d the s tanda r d  

e r r o r s  of the e s timates  of genetic trend produced by applying the M M S  

m etho d  o f  es timation been obtained ,  it i s  likely that a c ompa ri s on with 

the s tanda rd e r rors  of the genetic trend e s timates pr oduc e d  by the 

int ra - sire  regre s s i on m ethods woul d have reflected the differen c e  in 

utilization of input data of the two a pproa che s . 

A t  one s ta g e  it wa s thought that the extra ordina ry e s timates  of 

genetic trend obtained from applying the wei ghted intra - s i r e  r e gr e s s ion 

( - 3 3 3 . 2 lb.  and 42 8 . 4 lb of milk per  year )  m ay have be en a r e s ult of 

a peculia rity of the data . Howeve r ,  if the r e  ha d been s omething 

unus ual about t he data , it would a lmos t c e rtainly have b e en refl e ct e d  

i n  the e s timate s o f  va rianc e  c om ponents , pa rticula rly the e s timate  of 

the e rror  va rianc e  c om ponent obtained from the data . T he r e s ults in 

C ha pt e r  5 ,  S e ction ii demon s t rate that  the e s timates of va rianc e 

c omponents obtained a r e  in good a g r e ement with thos e previous ly 

reported ( N .  Z .  Dai r y  B oa rd , 1 96 9) and,  the refore , any s ugges tion 

of peculia rity in the data of the p r e s ent s tudy i s  unlikely . I n  this 

c onne ction , the r e s ults in Table 5 .  6 are of  pa rticula r inte r e s t  in -chat 
the estimate s of heritability (and the r efore , the e s timates  oi Lhe e -r r o r ­

to- s i re va rianc e  ratios ) obtained a g r e e  rather well with tho s e  r epo rted 

by the N . Z .  Dai ry B oa r d  ( 1 96 9) . M oreoev e r ,  the e s timates  of 

he ritability in Table 5.  6 are not g reatly diffe r ent from e s tirnates of 
the he ritability of fi r s t - la ctation t raits tha t  have been r e po rted 

e l s ewhe r e .  

I n  an inves ti gation of 2 ,  720  fi r s t - la cta tion r e c o r d s  produc e C.  in 

1 947 by heif e r s  of a numbe r of b r e e ds , R endel , Robe rts on ,  A s ke r ,  

K his hin and Ragab ( 1 9 5 7) obtain ed an e s timate of he ritability f o r  milk 

yield of 0. 5 0 � 0. 0 8 .  ( He ritability e s timate ba s e d on intra - cla s s  

c o r relation am ongst  half- s ib s  pe rfo rman c e . ) Van Vle c k ,  Wc... d e ll a n d  
Hende r s on ( 1 96 1 )  a pplie d  Hende r s on ' s  M e thod I ,  a s s uming a m ouel 

which included s i r e , yea r - s ea s on ,  he r d ,  and a ll pos s ible inte rac tion 



1 0 7 .  

effe cts t o  a s ample of 3 9 , 7 2 8  fir s t - lacta tion r e c o rds . The r e c o rds 

were produc ed in 3 ,  932 he rds and 2 7  yea r - s ea s ons  and w e r e  a g e  

c o r r e cted to  mature equival ent befo r e  analysis . Application o f  the 

t e c hniq ue us ed to  calculate he ritability in the p r e s ent ca s e  to the 

e s timates  of va riance  c omponent s  p ublis he d  by Van Vle c k  et  a l .  , 

produc e d  he ritability e s timates  of 0 .  43 and 0 .  4 8  for milk and milkfat 

yield, re s pectively . 

T hat the m ethod of age  a djus tment and level of he rd production 

m ay bia·s e s timate s of he ritability ha s been demon s trated by Norman, 

M c Daniel  and Dic kins on ( 1 9 72 ) .  T hey s tudied 7 ,  9 9 7  r e c ords ma de by 

c ows c alving for the fir s t  tim e in November  and Decemb e r  1 964 a t  

the age o f  26  t o  2 8  m onths . ( The s t rict limitati on s on the data w e r e  

aim e d  a t  minimi zing the effect  o f  any inte r - relation s hip betwe en a g e  

a n d  month of calving on milk yield ,  c f. P.  D. Mill e r  et  a l . , 1 9 70 . ) 

Re gional a ge - c or r ection factors  we r e  us e d  to  c o r re ct to both a matur e ­

equivalent level and t o  a 2 7  month- equivalent level .  The he ritability 

e s timates  that w� r e  obtained from analyzing the m atur e - eq uival ent 

data aft e r  pooling acros s the regions , we r e  0. 66  and 0 " o 2  for milk and 

milkfat yield ,  re s pectively . The c o r r e s ponding e s tima te s for the 2 7  

month-equival ent rec ords were  0 .  5 0  and 0 .  46  whi c h  clea rly indicate s 

that the age a djus tment ba s e  ha s an effect on he ritability e s t i m d. t e ::> .  

The he ritability e s timates that we r e  obtained from poo.i1 . 1g  wi·, !ti n -

re gion e s timates of varian c e  c omponents (weight e d  by numbe r of 
obs e rvati on s )  for the mature - equivalent data we r e  0. 49 and 0. 45 for 

milk and milkfat , r e s pe ctively . T he c o r r e s ponding es timates  f o r  : he 
2 7  month - equivalent data w e r e  0 .  5 2  and 0 .  46 ; tha t  is , no c hange in the 

ca s e  of milkfat yi eld and a change of only 0 .  0 2  in the ca s e  of m ilk  yi el d .  
The latt e r  diffe renc e s  a r e  much l e s s than tho s e  fo r the rnature - equivalen t 

data . T he r e s ults obtain e d  by Norman et a l .  ( 1 972 )  indi cate '..hat the 

us e of r e gional age- correction fa cto r s  having a ba s e  age q uit e diffe r ent 

from the age at ca lving of the c ows which produc ed the r e c o :r d s  

analy z e d ,  c a n  s e riously bia s he rita bility e s timates . I n  thi s  r e s  pe n 
it i s  worth noting that the heritability e s timates  r e ported by the N .  Z .  
Dairy Board ( 1 96 9) were  obtaine d  by p ooling within- region e s ti.Tl.atc; .s 

of va rianc e  c om ponents from matur e - eq uivalent data . ( Re gi o>: £=  
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repr e s ented the two a reas s e rvic e d  by the Awa huri and Newstead 

A.  I .  c entre s . )  Norman et al .  ( 1 9 72)  als o  dem on s trated tha t  

s tratifying t he data a c c ording to  level o f  he rdmate production an d 

later  pooling the va riance  com ponent e s timates , leads  to  diffe r ent 

e s timat e s  of he ritability than when l evel of production is ign o r e d .  

Thus , i t  appea r s  that clos e attention s hould b e  paid to c ho o s ing a n  

appropriate model  o n  which to  ba s e  he ritability e s timat e s . 

T he he ritability e s timates  r e po rted by the N .  z .  Dai ry Boa r d  

( 1 96 9) ,  Van Vleck e t  al . ( 1 96 1 ) ,  No rman e t  a l .  ( 1 9 72 ) , a s  well  a s  

tho s e  of the pres ent s tudy , were  ba s ed on the r e c o r ds of only A .  I . ­

bred animals  and ,  the refore , may be bia s ed through the A .  I .  s i r e s  

being a s el e c ted g roup. ( The da ught e r s  of a s elected g r oup o f  s i re s  

will n ot have a ri s en through random mating in the population and 

cons equently , the between s i r e  va riance for the populati on , and the 

he ritability , may be underestimate d . ) Furthe rm o re , s i re effe cts  

a r e  likely to be c o rr elated with the numbe r  of obs e rvati ons 

(daughte r s )  in s i re s ubclas s e s  w hi c h  is  a l s o  a s ourc e of bia s in 

e s timat e s  of va rianc e  c omponents ( Ha rville , 1 9 6 8 ;  Henders  on , l '-7 ,73 ) . 

The impo rtance of thes e bia s e s in the e s timate s obtained in the pr <t s ent 

s tudy is not known . 

De s pite being a main obj e ctive of the pres ent s tudy , it ha s  not 

been pos s ible to determine whethe r the method of s i r e  e va l ua t i on u s  cd 

by the Fa rm Production Divis i on of the N .  z. Dai ry Boa r d  l i-J .  Z .  Dai ry 

Board,  1 9 70)  ranks s i re s  (ba s ed on e s timated breeding val ues ) 

unbia s ed by g enetic trend in the population . It wa s hope d t ha t  a 
c ompa ris on of the s i r e  ranking s  obta ined us ing the N .  Z .  Dairy .3 oa r d 1 s 

method with tho s e  obtained from applying a method of s i r e  evalua tion 

which i s  known to rank s i r e s  unbia s ed by genetic tren d  (MMS ) , wou_d 

reveal whethe r the s i re ranking s obtained by the N. Z .  Dai ry Boa rd 

a re bia s e d .  Howev e r ,  in Chapt e r  5 ,  it wa s noted that b ecaus e the 

MMS e stimates of the breeding value s of many s i r e s  we r e  ba s ed on 

c ompa ratively few daughter r e co r d s , a definitive c ompa ri s on of the 

MMS method and the N .  Z .  Dai ry Boa r d  method of s i r e  e val ation wa s 

preclude d .  
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T he method o f  s ir e  evaluation ope rated b y  the N .  Z .  Dai ry B oa r d  

prior t o  1 96 9  wa s v e ry s imila r t o  the he rdmate c omparis on method 

of evaluation ( Heidhues et  a l .  , 1 96 1 )  us ed in the United State s .  

A c c o r ding to Henders  on ( 1 9 73 ) , the g enetic t rend in t he dai ry c ow 

p opulation of New Y o rk State i s  s ufficient to bia s  s e riously the 

herdmate c ompa ri s on m ethod of s i r e  evaluation . On thi s  ba s i s , 

it i s  r ea s onable to expect  that the m ethod in us e in New Z ea land pri o r  

to  1 96 9  would als o have been bia s ed by genetic t rend .  Howev e r ,  

with r e s pect t o  t he m ethod of s i r e  evaluation now in us e in New Z ealand 

( N .  Z .  Dairy Boa r d ,  1 97 0) , t he fact  that the e s timated b r e e ding value 

of m o s t  young s i r e s  inc orporates  anc e s t ral info rmation (fo r  ins tanc e ,  

the rating of their  own s i re)  may m ean that g en etic trend is  not a 

major  s ourc e  of bia s in the method .  Attention ha s b e en repeatedly 

drawn to the fa ct that in a population whi c h  is impr oving g eneti ca lly , 

e s timates of progeny s upe riority which a r e  ba s ed on pa r ental 

information a r e  u s ually ove r e s timated.  The r efo r e ,  in ta king a c c ount 

of s i r e  and dam info rmation in calc ulating the ratings  of young bulls , 

the N .  Z .  Dairy Boa r d ' s method of s i r e  evaluati on may not be s e rious ly 

bia s ed by genetic trend.  An important exc eption , howev e r , � s  t ha t. of 

young bulls who s e  ratings are not ba s e d on any anc e s tral ir.i o Lna tion . 

In t hi s  cas e ,  not only will c ompa ris ons betwe en their  ratings a n d  
thos e of  long - s tandin g s ir e s  b e  bia s ed by genetic trend , but o O  t o o  

will c ompari s on s  wit h  othe r contempo ra ry young bulls  who s e  .ca tir:g s  

have been ba s e d  pa rtly on anc e s tral  informati on . Unfortunat e ly , the 

re s ults  pres ented he r e  provide no di rect evidence on the s e  point s . 

Until mod e rn c omputing technique s were  dev elope d ,  a maj ,H 
a dvantage of  m ethods of  s i re evaluation s imilar to  that c ur rer1tly 

ope rated by the N. z .  Dai ry B oa r d  ove r  MMS methods of evalua:ion , 

ha s been their lower demands on c omputing facilitie s . A c c o rdi ,g t o  
Henders on ( 1 97 3 ) , howeve r ,  i t  i s  pos s ible to apply t he MMS m ethod on 
a routine ba s i s  us ing le s s  comput e r  tim e tha n  that requi r e d  to impl em ent 

the he rdmate c om pa ri s on method of evaluati on . Even s o ,  K e own ( 1 974) 

noted that a dis a dvantage of the MMS method in c ompa r i s on t o  e a rl i e r  

technique s , i s  that all  s i r e s  mus t be r e - e valuated in ea c h  analy s i s  to  

m aximize the numbe r s  of  lactations on whic h the c ompa ris on s  for a ll 

s i r e s  a r e  ba s ed .  
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In the pres ent s tudy , attempts w e r e  m a de t o  apply the MMS 

method of evaluation to the A . I .  data ( 3 ,  1 0 1  records , 1 1 1  s i r e s , and 

2 99 he rd-yea r s ) ,  but becaus e of c om puting difficultie s , the s cale  of 

the exerci s e  wa s r e duc ed to the analy s i s  of the edited -A . ! .  data 

( 2 ,  1 5 5  r e c o rds , 47 s i r e s , and 1 45 he rd-yea rs ) .  The maj or 

difficulty in  the ca s e  of  the A . I .  data was in obtaining the inve r s e  

of the matrix (S - B H- l B ' )  ( order = I l l  x I l l ) us ing the Gaus s - Jordan 

m e thod of matrix inv e r si on which i s  ba s e d on Gaus s ian elim.ination . 

In gene ral , matric e s  which have been obtained using lea s t  s qua r e s  

principles  ( a s  i n  the pres ent s tudy) a re ill - c onditioned.  I n  a s tudy 

of the a c curacy of s ome widely us e d  matrix inversion proc e dur e s  for 

obtaining inve r s e s  of lea s t  s qua r e s  matri c e s , Wampl e r  ( 1 9 70 )  s howe d  

tha t  proc edur e s  utili zing Gaus s ian eliminati on gave un r eliable r e s ults 

(from the point of vi ew of large rounding e r rors ) .  T he pro c e dure 

finally employed obtains  initially an inve r s e  us ing Gaus s ian 

elimination , but t hen takes a c count of the s tructure of the identity 

matrix in proc e e ding to improve iteratively the a c cura c y  of the inv e r s e 

m atrix .  Nev e rthele s s , rounding e r r o r s  s till occur r e d  in the ana !ys is 

s in c e , des pite being a c ons equence  of the s i r e evalua r i on m odel , t he 

within- g roup s um s  of s ire  effe cts ( i . e . , l;:s . .  ) we r e  n ot always z e r o ,  
J lJ 

a s  expected. T he way to ove r c om e  thi s  pr oblem is t •) employ 

ite rative proc e dures  to obtain the inv e r s e matric e s  ( e .  g . , G a u::. s ­
Seidel iteration) and take advantag e  of the fact that the within- g r .-mr:­
s um of s ire  effects  s houl d  be zero ( Hende r s on ,  1 9 7 3 ) . 

The r e s ults in Tabl e s  5 .  8 and 5 .  1 0  s howed that r e ga rding ne r d ­

yea r effects to  b e  fixed or  alte rnative ly , random effe cts ha d  little 

effect on the s i re rankings produced by the MMS method of s i r e  

evaluation . Thi s  implie s  tha t ,  eithe r the r e  a r e  minimal  genetic  

diffe renc e s  am ong he rd-yea r s , or  that in  the pres ent s tudy , s i r e s  

w e r e  evenly s p read ove r the he rd-yea r s  w hi c h  diffe red geneti c a lly .  

Even though the pres ent work ha s not demonstrated that genetic  

t rend is  an impo rtant s ource of  bia s  in the m ethod of sire  ev2. lua. ti on 
c u r rently us ed by the N . Z .  Dai ry Boa r d ,  it would s e em th3.t the M . ..  3 
m ethod of evaluation is  the more feas ible a pproach in rankin g s i r e s  

unbia s ed by geneti c  t rend. Ba s ed on the experienc e  obtain e d  in 
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a pplying the MMS method of s i r e  evaluation us e d  he r e ,  c ouple d  

with s ugge s ti ons made b y  Hender s on ( 1 9 7 3 ) , the author i s  o f  the 

opinion that the m ethod c o uld be us e d  on a r outine ba s i s  in New 

Z ealand. In the m eantim e ,  furthe r information i s  r equired on 

factors  s uc h  a s :  

( i )  The most  effective m ethod o f  grouping the s i r e s  to ove r c om e  

the bia s due t o  genetic t rend .  

(ii )  Whethe r he rd-yea r effe cts s houl d  b e  r e ga rded a s  fixed  or 

ran dom effe cts . 

(iii) Ways of obtaining accurate e s timates of the va rian c e  

component rati o s . 

( iv )  The s ugge s ti on s  made b y  Hende r s on ( 1 9 7 3 )  i n  minimi zing 

the am ount of c om puter  tim e required to implem ent the 

method. 

It  is hoped that the above will  be  the s ubj ect  of a furthe r s tudy . 
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A PPEN DIX 1 

Lis t  of the s equential s i re nmnb e r s  with c o r r e s ponding N .  Z .  Dairy 

Boa r d  sire c odes . 
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