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INTHODUCTION. 

The majori ty of s i re s  used i n  Nen lealand he rd s  

are obtei ne d from p edi gfe e  bre e ders end i n  consequence , the 

ge ne t i c me rit of t he ne.ti onal he rd depe nds la,rgely up on the 

quali ty of t he pedi gree secti on of the C8t tle bre e di ng in dustry .  

The continued use of p edi Bre e sires by mPny c ommercial farms 

has proba bly resulted i n  s nArro'ri nc· of t he ge ne t i c  ma.rgi n  

betwe e n  re ,::i s te red pnd non-rer:i ster e d  de iry cf!t tle . Upon 

t hi s gene t i c margin the present e l i te s tetus of pe di gree 

cattle depends an d i f  it were p o s s i ble t o  de monst rate t hat 

t hi s margin was necl i gi ble then t he pre sent ri gi d di s t i n c tion 

betwe e n  p edi gree And n on-pe di bre _ st ock would not be  jus tified .  

Thi s would heve far reschi nt; i mp l i cP t i ons t he mo st  i mp o rt ant 

of whi ch would be t hat there woul d be li ttle just i fi cati on in 

re s t ri cting s i re s  used i n  the i ndus t ry to those  bred in p e di gree 

herd s. On the other han d i f  it �ere pos s i b le to demo n s t rat e 

t hat pe di gre e h e rds were improvi ng gene ticAlly and pre s e rving a 

gene tic margi n ove r comm e r ci a l herds t he n  the p re sent  policy of 

At temp t i ng t o  e ffe c t  nati onPl he rd i m�rovement t hrough the 

pe digree s ecti on of the i ndus t ry would be vi ndicate d . 

Thi s pe�i gree s e c tion c onsi s t s  o f  many more o r  le s s  

i ndependent herds o f  vPryi ng s i ze end dur8tion. Many o f  the se 

he r d s, be cPuse o f  the limitrtions i mposPd b y  sma11 h e r d  s i ze 

end short he r d  durFtion must c ont ri but e li t tle t o  bre e d  

improvement.  The Pdvpnces mP de by one l''ill be largely 

counterbalAnc e d  by the los cs of a .nothe r . Howeve r, the vast 

majority of pe di gree herds ere not eeneticelly i s olat e d  from 

each othe r due to the hi sh t rAn sfe r rate of b o t h  mal e and female 

s t ock fr om one her d  to an other. It hPs be e n  de monstrat e d  that 

pedi gre e he rds in Nev-' ZeAlPnd belong t o  various s trata acc ordi ng 

to the herds t o  whi c h  t hey suppl.y sire s . The t op s t ra tum herds, 

of whi ch there are A b out P hundre d, obt:=>in t he i r sire s from 

�i t hi n  t he i r  own her d s  or from herds in t he same stra tum but not 

from he rds in lower strRta. They s up p ly to her d s  i n  all st rat a . 

The s e cond s t retum herds obtPin the i �  sire s from the t op st ratum 

her d s  e nd sup}ly t o  h�rds in  t he lo�er streta. �hus the lower 

strFtum her d s  ere bt.i ng c onti nu2lly graded up to t he t op s t ratum 

hPr ds. It is cleer t het i f  g:eneti c  prot-re s s  is t o  be mede t he se 

top s t retum hrr ds mu0t be m P ki nc continued i mp rov,cme nt s be cause 

t he r e m:=>i nde r of thr: pe di.:_-re e b re e d  i s  u1_t i m8,te ly depe n de nt upon 

t he m  f o r  gene t ic gPi n s. 

Ove r seas �orke r s  have reported the geins pos sible in 

s i ngle herds and have esti mPt ed the g�i n s  actually made in some 

i nstance s .  To dAt e, howe ver, no such work has b e e n  report e d  
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in New Ze e l a.n d  and t o  t hi s  end the rec o rds o f  o n e  o f  t he 

t op-s t ratum herds have bedn stu di e d  t o  det e rmi ne f i r s t l y  

whet her gene t i c  gai n s  duri n� a twenty-year peri o d  have bee n 

made, and secondly t o  a s c e rt a i n  t he breedi ng practi se s by 

v1hi ch  such i mproveme nt , if eny , were effe cted . 
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I. 

SOU�CE OF DATA. 

The He r d  Re c o rdi ng Coun ci l of the Ne w Ze a l an d  Dai ry 

Boar d  has publ i she d the pro ge ny te st de t ai l s  of all pedi gre e 

bul l s  fo r whi ch i n formati on was avai l able si nce 1943 (N.Z. Dairy 

Board, 1 943) . One o f  the pe di gre e Je rse y  he r ds whi c h  has be e n  

c on spi cu ou s  a s  a s ource o f  me ri to ri ous si re s has be e n  that of 

Mr. C. B . Le ppe r, Le ppert on, Tara naki . N ot only have t he si r es 

bre d i n  thi s he r d  pe rfo rme d we ll i n  the i ndustry ' s her ds in 

whi c h  the y  were use d but Vr . Le ppe r ' s he rd ha s be e n  out s t a n ding 

i ns o far as pe r c ow pro duc ti o n  i s  conce �ne d. T he her d  has 

ave rage d at l e ast four hun dre d p ounds o f  but terfat p e r  c ow for 

m a ny ye ars i n  an e nvi ronme n t  whi c h  though f a v ourable app e ars no 

be tte r than t ha t  obtei ni n g  on a l a rge numbe r  of dai ry farms. 

De spi te thi s the :r;r·o du c ti on o f  �T. Le ppe r' s "Maori " herd has 

been c on si de rably i n  e xc e s s  of the vast majo ri ty of he r ds 

mai n tai ne d  un de r comparabl e con dition s. 

An a duiti ona l poi n t o f  i n te re st c on c e rni ng t he "Maori" 

he rd i s  app a re n t  from a study o f  the stra ti fi c.:ation of the 

Je rse y bre e d  du ring 1948 (£ehi mu ddi n , 1952). Thi s herd was 

num be re d am ong t he 1 12 he r ds comprisi ng the t op s t ratum o f t he 

bre e d, that i s  he rds w�i ch su pply si re s to her ds i n  t he vari ous 

s trata but do n o t  draw bu ll s f rom he rds i n  strata o t he r t hab 

t he i r  own .  The herd i s  thus a uni t o f  the nucl eus upon whi c h  

the re ma i n de r  o f  the bre e d  i s  l arge ly de pe nde n t for ge ne ti c 

i mpr ov e m e n t  an d to whi ch the who le bre e d  i s  bei n g  graded. Furthe r, 

among the se nuc l e u :.. ll .il "'' -!le "Ma o ri "  he rd i s  one of the most 

i mpo rtant a s  judge d by the �o tal numbe r o f  pe di gre e  he ife rs s i r ed 

by ani mal s bre d i n  the "Mao ri "  he r d. 

For these re aso n s  a stu dy o f  the me tho ds of se le c tion 

prac ti se d i n  the "Ma o ri "  he rd an d an a tt e mpt to a sse s s  t he 

pro port i on o f  t he i m prov e me n t  i n  pro du c ti ve he rds due t o ge ne t i c 

cau se s s houl d be o f  i n te re st to bo th t he ani mal hus ba n dryman and 

the ge ne ti c i s t. The he rd i s  admi rebly sui te d  for suc h a stu dy 

for the follo wi ng re a so n s:-

(1 ) Al l ani mals i n  the he rd have be e n  c on ti nuousl y  re cor de d 

si n c e  t he be ['i nni n g  of t he 1930-31 s e a s on,  t hu s  providing 

twen ty-one ye ars re ·c ords . 

( 2) Du ri n g  thi s twE::nty-one ye a r  pe riod the .he·�rct• ha s 

numbe re d a�proximate l y  l OO ani mal s  i n  mi lk e ach yea r, 

a t o tal o f  357 c o ws wi th 1892 l a c ta ti ons of at l ea s t  

1 00 days durati o n  be i n g a va i  l a.ble f or study . 

( 3)  The he rd has be en c l ose d si n c e  1942 . The l as t  

purchase d bull si re d pro ge ny be twe e n  1937 an d 1942' 

an d s i n c e  1930 n o  pu rc hase d dam s  have e n te re d the 
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Maori herd. It is thu s  possible to obtain comp arable 

pedi gre e e stimate s of all the re place ment heifers and 

t he ma jority of the sires use d in the he rd since the ir 

dams in most cases hAve performance de tails in the same 

e nvironme nt. 

(4) Si nce the beginni ne of the 1931-32 se a son the he rd has 
remained unde r singl e owner ship . Volume V (1908 ) of 

the New Zealand Jersey Cattle Breede rs' Asso ciation shows 

that t he lat e  Mr. H.B. Lepper first re gi s te re d a pedigree 

heife r born in Aue:;u st 1902 and conti nue d to re eJster 

stock e a ch ye a .r unti l his de ath. Stock in the Maori 

herd have been re�istered under the name of the pre se nt 

owne r Mr. C. B. Le pp er si n e e 20th Se pte mbe r  1931 . The 

p re se nt study therefore deals al most e ntirely with the 

change s whi ch have taken place during Mr . C. B. Lepp e r's 

own e rship. 
. �((, •( 

The data also b� ce rtai n shortcomings . Brie fly the se 

are as follows:-

(1 ) There were no re cords avDil able of the se x and subse que nt 

fate o f  all calves born on the farm. This de ficie ncy 

in the material though not serious pre clude s ce riain 

analysis . 

(2) During the 1930-31 sea son the "Maori" herd consiste d of 

both pedi gree and non - re �ist e re d stock, and it was not 

unti l t he 194 4-45 seas on thet the he rd con siste d e ntire ly 

of peqtgree animals. It is pos sible that p e digre e  

replacements entering the herd durjng the pe riod o f  

chP nge over from t;':I"Bdes to p e digre e s  were not se l e cte d 

as vigorously as those use d for r�place me nt purp ose s 

when the herd was entirely ped1gree. 

(3) The number of annual calvings has varie d but since this 

is fairly typical of New L;ealand herds it was n o t  

con side re d a serious defi ciency othe r than the 

comp l icatjons caused in the various comp utat ional 

proce dures adop te d. 

Pe digre e records were readily available from the he rd 

books of tthe N.Z. Je rse y Cattle Breeders' Associa ti on. Pe rformance 

details we re obtaine d from the copie s of the monthly Group He rd 

Testing re turn s held by the New Zealand Dai ry Bo ard in the case 

of records up to the 1945-46 s eason and from copies he ld by the 

Taranaki Herd Improve me nt Ass o ciati on for the lat er ye ars. The 

estimation of yields under the Group Herd Te st ing syste m is base d 

on a sampling proc eedure . The recording office r visits the herd 

once each celendar month wi thout notification to the owne r .  Each 
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v i si t compris e s  two con se cutlve mi lkin cs a t  each o f  whi ch the 

mi lk is we i ghe d an d prop o rti onAte ly s am pl e d  for subs e que nt 

te s ti n g for but te rfa L co nten t. This recordi n g  s ys t em has 

be e n  de �on s t rate d to give re�sonably accurate e stimat e s o f  

actual lactrti o n  yi e lds ( Ca�p be ll 1946 ) . 
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The most important problem in herd analysi s is to 

apportion trends in pro.luction to the factors responsible . 

Changes in productive levels are determined by genetic and 
environmental forces and can be entirely accounted for by 

these two factors and by the interactions between them. Thus 

the phenotypic variance of a character such as butterfat yield 

may be divided into the followint:: component parts:-

C'� = C'�e + C'i + ��ITeF�Ge-�F + f (GeE). 

where 
62 is the ph0notypic variance p 

6�e is the hereditary component of the total phenotypic 
variance . 6i is the environmental component of the phenotypic 

variance. 

RGeE is the correlation between heredity and environment. 

and f(GeE.) is the non-linear genotypye.- environment interaction. 

The last two terms may be neglected for most practical 
purposes (Lerner, 1950) and the formula is usually written:-

()2 = c-2 cf.2 
p Ge + E 

Each of the se t�o components of the total variance can 
be partitioned. further. The genetic fraction (er�)· mar be'.divi ded 

into:-
2 A2 2 

6Ge = uG + 0Gi 

where 62 is the vr:ri;:nce due to the additively acting component G, 
and �i' is the variance due to the component conta i ning non­

ad�itive effects ,  including epista tic and dominance 
devi ations. 

Simi larl;y ,he Environmental e;or:ponent of variance may 

be subdivided into:-

where 

62 62 2 E -=- p,i + 6c 
2 6 is the vPriance due to the environmental component 1-t' j_ 

which varies at r8ndom between similar families 
and 62 is the ve.ri ance due to the environmental component due 

c 
to the influence coffimon to members of the same family but 

varying from family to family (primarily non-genetic 
effects of mother on offspring). 
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5. 

When 6; doe s not make large cont ri butions t o  the 

total vari anc e  the n  for prac t i c a l  purpose s:-

ci = oii 

The c ompl ete formula may the n be wri t t t: n as fo l l ows:-

(j� = � + �i + cii _t 
If the e ffe c tive ne ss of a bre e di ng programme is t o  be 

app rai sed  i t  i s  ne cessary t h�t t he obse rved cha nge s in productive 

l e ve l s  be separat e d  into t he se e nvironme ntal and ge neti c c omp onents. 

An e xaminati on of  he rd ave rage s vd th re sp e c t t o  change s from one 

ye ar to another give s no indicat ion of t he cause s of the se change s. 

Increase d product ion may be the re sult of improve d feeding and 

manage me nt or of improved genetic me rit. 

The e as i es t  met hod to e stimate t he year to year changes 

in herd j_nvi ronme nt i s  t o  use the c oncurre n t  records . The 

change from ye a r  1 t o  ye ar 2 would be t he di fferen ce be tween  the 

ave rc>.ge of t he se t wo yeP.rs wi th re spe c t  t o  t he s e le c t e d  groups 

o f  cows who made re cords in both t he se ye ars. Similarly the 

change s from ye ar 2 to year 3 wouid be the diffe rence  i n  ave rage 

production for these two years in e second select e d  group of  c ows 

who made re cords in both ye p.rs 2 and 3. Lhis procedure c ould be 

c arri ed  on for any number of ye ers de sired. Thi s me t hod was 

e mploye d in a prelimi nary invtstigation and the re sul t s  as shown 

i n  Table .1. an d Fi gure j .. 

Ye ar. 

1930-31 
1931-32 
1932-33 
1933-34 
1934-35 
193 5-36 
1936-37 
1937-38 
1938-39 
1939-40 
1940-41 

1941-42 
1942-43 
1943-44 
1944-45 
19 4 5-46 
1946-47 
1947-48 
1 9 48-49 
1949-50 
19 50-51 

Showi ng annual herd ave rage of mature cows 

and t hei r c orre cted  re c ords . 

Annual Herd Average Annual Corrected Herd 
Pound Butter Fat. Ave rage Pound Butter 

337 337 
344 350 
364 361 
384 360 
362 373 
371 383 
393 405 
400 421 
344 427 
398 437 
416 432 

438 460 
457 461 
400 46 5 
420 485 
439 480 
440 49 5 
402 492 
428 501 
429 503 
441 506 

Fat. 

/ 
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The corre cted mature cow average appears reasonable 
during the earlier ye8.rs but the wide divergence between raw 
and corrected records from 1938-39 to 19 50-51 indicates that 
this is not the most ef fi cient possible method of estimating 
changes. The changes from year 1 to year 3 can be estimated, 
not only by comparison of the year 1 versus year 2 with the year 2 
versus year 3 estimates, but also· by comparison within the group 
of cows with records in both years 1 and 3. It can be seen 
that there are many combinations of comparisons and t he problem 
arises as to how best to weiGht them. 

Henderson (194� s ugge sts the method of least squares 
as a computational procedure with which to weight the various 
comparisons. A model ap�licable to the East squares method 

is a.s follows:-

where 
Yij • p. ... ai +- Cj t eij 
Yi j is the record me. de by the jth cow in t he i·th year. 
p is the population mean. 
a1 is the environmental effect of the i�h year. 
Cj is the real producing abi lity of the jth cow. 

and eij is a random error associated with the record of the 
j-th cow made in the i·th year. 

The errors are assumed to be uncorrelated, and in most 
cases they are assumed to be normall y distributed. Essentially 
all this model says is tha.t the record of a cow can be at least 
approximately expresseJ as the sum of the population mean, a cow 

effect, anenvironmentcl effect peculiar to a particular yelq", and 
an error �hich is pre su m ab l y  the sum of many different environmental 
effects impinginc u_t:Jon a pCJrticular cow in a particular year. 
The real producing ability of the cow i s  a function of her 
genotype and of permanent environmental factors peculiar t o  her. 
The .I:r'oblem is to .assign values to p, ai, and Cj in such a way 
as to minimise the residual sum of squares. The solution t o  
the following set o f  simultaneous equations accomplishes t his 
objective. A '("' 

-'\ n ut 4-n· Gt-r� n J. c. J. :: �� ·�J· 

where 

••• -
L. \.. " j • 1... J 

t1 i..? -tl1 L C} i-+ J t1 �j CJ ::: 1 '( l. j 

n 1· 0+�n-·6 - +n J. C'·:::: Iy- · r· . I,..J 1... J . Lj 
• 1... • 1... 

n· . lJ = I if the jth cow made a 
and ni j = 0 if the j-th cow did not 

(One such equation for 
each of the ai) 
(One such equation for 
each c j) 

re cord in the i·th year. 
make a record in the i·t h  

n - the to�2l number of records. 
ni = the number of records madF in the i-th year. 

and 

yeax 

n . = the number of records made by the j.th cow. 
• J 

The so lution to these equations - for'P +�::��YLft,.,i.jdy · 



··� 

7. 

Ut i l i si ng thi s fact , the equation s  can be reduced to  ones 

i nvoJvi ng onl y  t he � . Then aft er i mprovi ng the re striction 
""' � d i.. =..0 t he ai c an be so1ved. 

L Bot h the l east squares c:sti mate , and the compari sons 

of yeerly ave rages of cows s e l e cted because t hey had recor ds 

i n  t wo speci fi ed ye ar s, c a n  gi ve s e ri ously bi ased re sult s . 

The bi as ari se s from the fact that  i f  the cows which are culle d  

. from the herd have avera.ge re cords bel ow t he herd me an , the 

environment wi l l  appesr t o  have be e n  deteriorat i ng whe re as the re 

may have bee n no change. Si ffii l arly i f  the e nvi ronment has bee n  

improvi ng, i mproveme nt in  envi ronme nt appears le ss than it  re ally 

has been .  If the e nvironme nt has been get t i ng worse , the 

det eriorat i on i n  environment ri 1 1  appe a.r worse t han i t  actually 

has be e n .  Conve rsely,  if t he c ows cul l e d  from the he rd are of 

above average product ion ,  t he envi ronme nt wi l l  se e m  t o  have 

i mproved more or to hc>,ve dete riorat e d  l e ss t han i·s actually the 

case . 

The reason for the bi a s  i n  the le ast squares method 

i s  the i ncomplete re pea .t abi li ty of dai ry records.  It i s  a 

well known f a c t  that a group of c ows sele c t ed be c ause the i r  

records were above t he herd a ve ra ge during the past one o r  more 

ye ars a.re l i kely to  produce le s s  far ebove t he herd ave rage t he 

next ye ar. Conversely cows selected far be low the ave rage 

producti on a .re l i ke l y  to be l e s s  far be low the herd ave rage i n  

t hei r suc c eedi ng l a c tati ons . The re a son for t hi s i s  t hat c ows 

wi t h  above ave rage producti on more fre quently  than not rece i ve 

an above average te mpor8ry envi ronmenta l contri but i on. Si n ce 

t hi s  t e mporary factor doe s not carry ove r  to succe edi ng l actat i ons , 

t hese l a t er rec ords are l i kely to fal l below the e arl ier ones . 

The cru c i al poi nt i s  that t he l e ast squares and similar me thods 

are es senti a lly year to year comparisons of re cords of the 

survi vors of each year ' s cul li ng. The refore, if the survi vor.s 

of cull i ng made re c ords above t he herd average pri or t o  the 

cul l i ng of cert a in of thei r mat es , we should expe ct t hese 

survi vors' records to be l e s s  in succe edi ng ye ars and conse quently 

t o  make i t  appe ar tha t the e nvi ronment i s  be c omi ng poorer from 

year to ye ar. 

What i s  needed then is some me t hod by which knowledge 

of repe a tabili ty of dairy re cords a nd of the ye a.r t o  ye ar 

cul l ing levels can be ut ilisel to adjust t he esti mat e s of the 

yearly e nvi ronmental effe.c t s. The me thod of maximum li ke li hood 

describe d below doe s all of thi s automati cal ly i n  a set of 

si mult aneous equat ion s whi ch are li t tl e  more c omplex than t he 

le ast square s equat ions . 
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The model used for the le ast square s analysi s may be 
modifie d as fol l ows : - (Henderson ibid) 

Yi jk = Jl + at + b j + c jk  t ei jk  

whe re Yi jk is the record ma.de in the i th ye ar by the kth cow of 

the jth group of  cows 

p i s the p opul ati on ave rage 

ai is the e nvironmental e ffect of  the ith ye ar 

bj i s  the ave rage re sl produci ng abilit y of the jth group 

of cows 

Cjk i s the re al pr o duci ng ability of the kth cow of the 

jt h  group 

and e ijk is a ran do m e n vi ro n me n tal e ffec t pe culiar to the 

i n di vi du8l re co rd. 

The ne w e le ment i n  thi s mode l  as  comp are d to the least 

square s model is the bj· It re pre sents the ave rage re al 

p roduci ng Abi lit y of a p ar ti cul Ar group of cows. It might, for 

example , repre se n t  a s e t of c o ws born wi thi n  a spe cifi e d  peri od. 

Addit i onal A s sumpti on s are ne ce s s ary - th at the Cjk are normally 

an d i n depe n dPn tly distributea with me an 0 and varia nce rf2, and the e 
e ijk are norma lly And indep e n dan tly distri buteu  with mean 0 and 

variance  rf!- , and that the c's an d  e 's are oncorrelated. These e 
assump t i on.;; me an thnt the cows of  a particular group are randomly 

drawn from a normal po pulati on who s e  me an is p + b j and whos e  

varianc e  is �- Furt he r temporary environment is not correlated. 

With the as sump tions spe cified above joint di s tri buti on 

of the Yijk and the Cjk can be wri tten and can p roce e d  t o  compute 

value s of p, ai, bj , an d Cjk whi ch will maximise the probabili ty  

of  obtai ni ng the sample of records actually at  hand . 2 The 

dil:Jfuti
,

o n 

o

iCdd .. {(t)�<_ '" _" <:-hr 'JRtr:: I ze- i� r.1ra. �� J� Vinqc:. 
The maxi misi ng VPlue s are the solution to the following se t of the 

simultaneous e qua ti o ns: 

'n . •. JX+r1"\.,a�+-�"'J. 'bJ· -r-�l-n \"' ?:J· h =Lli�J-� (.. J . . ) k •J K. "' l J f:t 

., c .. ( �·O.:fy .. i.j,btT �., LjR :: � �I� j k' 

t1,j. (� thj ��� �j·Ct t_-t�n.j R.'ZJR ��t )'Ljf{, 
h.j R(11��}� "Ljk 0:�-t ( n.j R_ + �) l k. ::rrc/� I 

and 

all 

and 

all 

and 

al l  

si milarly for 

a's. 

si milarly for 

b's 

s i mi larly for 

c's. 
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nijk = I i f  the jkth cow has a rec ord in t he ith year 

and = 0 o t he rwi s e .  A dot in the s�bscript denotes 

summation over thP.t particular subscr1pt. That is 

n • • • refers to the total number of rec ords, ni • •  to the 

num�er of records in the ith ye�r, n.j. to the numbe r of 

records made by the cows of the jth group, n. jk to the 

1:umber of records made by the kth c ow of the jth group, 

and nij t o  t he number of re cords made by the jth group 

in the ith year. 
�2 

It will be noted th2t- e a p�ears i n  certai n 

62 
c 

c oeffic ie nts. This rP.ti o is c l osely rel 8 ted to repea tabi l i ty 

of dairy records as defined by Lush (19 45), an d c onc erning the 

s ize of whic h several estimates have been made in this study 
2 

( see Appendix I ). If repeFJtPbili ty is denoted by r = 6
c 

-(jz=-.. -(jz­c e 
then 6:2 

e ca n be written as 1-r for exampl e , if r = 0 . 4 4 ,  ff� =l.J 

6-'Z- � c 
r 

c 

Solving f or�jk in t he above equa tion 

� � �9 c:J-�,..., 
c. (i ·L-n JX'-�'� · b · - r ··· h o....i. '' n·jk<f2 +<f� LllJR •iR jR J L LJ� 

� 

Consequently these expressions may be substituted for ejk i n  the 
.-.,J 

�' a ,  an d b equations an d t hereby eliminate the Cjk· Then a set 
r-J r--J 

if equat ion s remains in whic h  p - bj ca.n be exp ress ed i n  terms 

of theai and c ertain observed rec ords and in whi ch by prop er 

substitution the equatio ns can be reduced to one involving only 
rv 

the ai . 
.r--/ 

Consider the exp ression for Cjk and now assume that p 

i s  known and that all a1 and bj = 0 .  This would be the ease if 

it is assumed that there have been no c hanges i n  the herd 

environment nor in the genetic merit of the herd and that the 

herd av erage is known without error. 

-z:. a[ (L_ .. -n . 1--L) 
Jk. �-ik. <1t +-(f� \: L ll-J � ·J R 

- t1.j" -rv /..- . - � \ - , +(n.jk -')-r- \Yu� / 

Then 

This last express i on is exa ctly equivalent to the 

method derived by Lush (1945) for e sti ma t ing the real producing 

ability of e c ow.  Tha.t i s ,  his method is in fact the maxi mum 

l i ke l i h ood meth o d  unde r  the Assumpti o ns liste d  above. The 

method described here (Herl ders o n  19 49, a) utilises the se same 

principles but permits the cessumption of c hangi ng herd 

environm ent and genotype . 
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As fa.r a s  c?n b e  a s c ert aine d, t he me t hod �as b e e n  

e mp lo ye d onl y on c e  i n  t he Analysis o f  he rd re c o r d s . Lus h  ( 195 

rep ort s t he Ave rAge but t e rfat produc tion (firs t  8 mon t h s  o f  the 

l ac tetion e n d  cor�e c t e d  to mRture age ) of t he Hols t e i n-Fri e si an 

herd R.t I o wa Stet e Col l e ge during 2 1° ye s.r p e ri o d i n  whic h  the 

s t rei['ht li ne t r e n d  of t he 2nnual herd ave rage s ( m.'"ture e qui val e nt ) 

., 
I 
v 

i s  upwa.rd e t  t he ret e  of 5. 9 poun ds p e r  yesr . The ge ne t i c  

c o mpone n t  in t his i s  2 .  5 pounds or n e 0rly ha.l f o f  t he t otal. He 

furt h e r  s t P.t e s thAt t hese particulPr figure s do not wa rrant any 

ge nerelisation alt hough he doe s say t ha.t no bias ws s appare nt i n  

t he me t h o d  by whi c h  t h e y  we re de rive d. The fi gure s may be 

un de p e ndab l e , howe ver, be c a us e :  ( 1 ) t h e y  a re b a s e d o n  one he rd 

a .ve rr gi ng about 50 t o  60 mi lki ne covm, and he n c e  mP.y have c onside r­

abl e  ss.mp l i  ng e rrors; ( 2) t he time involve c i s  o nly 1 2  ye ars. 

Thi s i s  only about two en d one hel f  g e n e ration s i n  c at tle and is 

much too s hort an i nt e rval on whi c h  to base a dep e n dable t re n d  

l i ne ,  y e t ,  beceu s e  o f  h i ch h e ri t��ilit y a n d  t h e  amount o f  s e le c t i on 

!'ea s onab;).:y pos sibl e ,  he rcm P rks t hat e gene t i c i mprov e me n t  o f  about 

t wo or t hre e poun d s  p e r  ye Pr ove r long p e riods of tim e  i s  a 

reas o n ab l e  e s t i ma t e  of V'"hic h  one can e xp e c t  a whol e  bre e d  o f  dairy 

cat t le to achie ve . 

In the pre s e n t anel ysis t h e  fir s t  p robl e m  was t o  deci de 

t he amount s whi c h  s hould be add e d to immature re c ords (two -ye ar- ol d 

and t hr e e -year- o l d ) to c o nve rt t he m  t o  t he i r  mature e qui vale nts. 

The .Ne w Zealan d  Dairy Board e mp l "Y corre c tion fac t or s  f o r  Je r s e y  

c at t le of + 70 lb s t o  two-yeer-ol d re cor d s  an d + 35 lbs t o  t hre e ­

yu:> �·- old re cords. Al l norma l  re c or d s  (lac tation bet we en 100 and 

305 days ) for tVtTo-yeRr-old, t h re e- ye ar- o l d  and ma t ure dams (aged 
four t o  ni ne yeecrs) i n  t he he rd un der s t u dy are giv e n  i n  Table 2. 

Ye ar. 

1930-31 
1931-32 
1932-33 
1933-34 
1934-3 5 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 
1940-41 
1941-42 
1942-43 
1943-44 
1944-45 
19 4 5-46 
1946-47 
1947-48 
1948-49 
1949-50 
19 50-51 
Ave rage 

�Y.�£§_ge of n o rmal l0.c tat i  on di s t ri buti on. 
I 

2 yeer- o l d. 3 year- o l d. 4-9 ye ar- old. 

250 (ll) 281 ( 15 ) 337 ( 2 2 ) 
284 ( 14 ) 292 ( 8 ) 344 ( 44 ) 
286 ( 1 2 ) 323 ( 14 ) 364 ( 46 ) 
286 (11) 339 ( 10 ) 384 ( 51 ) 
248 ( 3) 342 ( 12 ) 362 ( 60 ) 
302 ( 17 ) 393 ( 1 ) 371 ( 54 ) 
349 ( 15 ) 297 ( 20 ) 393 (38 )  
312 (13) 340 ( 16 ) 400 ( 41 ) 
261 ( 19) 314 ( 12 ) 344 ( 4 5 ) 
343 ( 14 ) 352 ( 23 ) 398 ( 53 ) 
335 ( 14 ) 410 ( 15 ) 416 (62 ) 
307 (15) 406 ( 14) 438 I ( 63 ) 
347 ( 9 ) 413 ( 1 2) 4 57 (72 ) 
29 � ffa� 362 fl�� 400 f��� Nu 35 388 420 
337 ( 22 ) 391 ( 10 ) 439 ( 57 ) l a  

331 ( 13 ) 393 ( 21 ) 440 ( 48 ) i n  
350 (12) 371 ( 13 ) 402 ( 60 ) e t  

324 ( 14 ) 398 ( 12 ) 428 ( 61) 
367 ( 13 ) 353 (13 ) 429 (60 ) 
384 (13) 436 (11) 441 (63) 
319 ( 27 5 ) 360 ( 277 ) 400) ( 1120) 

mbe r  o f  
ct at i on1 

braek­
s . ) 
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The cmnuol diffc: ·cnces bet wee n the productions of 
the three age cla.sses are stor.n in :J?ig. 2. Though mature 

COT productions ex cee d the t-r, o-year old and three -year old 

productions on the average by 81 and 40 lbs of butterfat 

respec ti vel y , year to yeer cr-,��nges are considerable. The 

differences bet wes n mature and two-year old records are, 

generally speaking, largest in the years in which the mature 

cow a.verage is high ( subsequent to 19tt0) . Di fferences between  
the three-yea.r old and ma.ture records are more uniform. Differ-
ent correction factors for each year would appear desirable but 
s in ce these would be applied to the data from which they were 
c alc ulat ed it would be difficult to justify their u se. It 
was decided that though errors vmuld be introduced by the use 
of the New lealand Dairy Board correction fac t ors  they were 
probably the most reliable ones available for New Zealand 

c ondi t i on s . 

The herd studied was nslow maturing", probably for 

management reasons and the use of corrections derived from 

faster ma.turine; animals will sugzest that management is get t ing 

better ( c ows corrected first records will be below the true 

value) a.nd consequently the seneti c level dec lining , even 

though there may be no change in either. 

Thus the u s e  of th e New Zealand Tia.iry Board correction 

factors derived from estimates made from many recorded herds 

treated as one population, though open t o  obje c t i ons, should 

tend to unde re s t i ma t e  the genetic contributions to the t o t al 

improvement in the herd studied. 

They were used to correct the yie lds of 2 and 3 year 

old heifers in the herd under s t udy, which comp rised 357 cow.s 
with 1 89 2  lactations durinL 21 seasons. 

The simpli fie d method of maximum likelihood was used 
(Herlde r s on 1949b ) which involves con1bining p and bj i nto a 

single parameter. The equati ons are as follows: 

n · o. +ln ·· fu �bj·)+-L n · · h c. · h -� LY · · L.. • L ) tj"lJ-· jt<_ LJI' JK. -}J< J LJ'R 
and similarly for the other ai equa t ions: 

�ntj_':IJ" J.(�-<•bj)+i ".jk cik -=��Y<j� 
and similarly for the other Jl t bj equations: 

\ h '-jR o.c+ n.jtzCI-l �bi )+(•1,jb_ + <l'�ij cik.. -={ Y •j k 

and similarly for the other equations: 

ai, a2, a3 • • • •  a2i • the environmental effects 
pe cu liar to c ows fre shening i n  
1930-31 , 19 31-32 to 1 9 50- 51 
seasons respectivel y. 
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p+ bi , )l + b2, Jl +- b3, Jl +- b.f, J.l • b5 and p + b 6 = t he permanent 

produci ng abi li ti e s  of the sub-pop ula t i ons born before 1930, 

b e t we en 1930-33, 1934-37, 1938-41, 1942-45 and 1946 -48 c alander 

ye ar pe ri ods. 

The se sub-populat i ons we re c hosen t o  simplify the 

calculat i ons. By reducing  the t we nty-one sub-populations 

c lassifie d ac cordi ng t o  ye a� of bi rt h to six sub-populat ions 

e a.ch born wit hin spe c i fi e d  pe ri ods t he number of e quations to 

s olve is corre spondingly re duce d. That suc h  re ducti ons can be 

just i fi e d  i s  c lear from Fig. 9. i n  whi ch all t he animals in the 

herd be t we e n  1930-1951 are shown accor di ng to t he ir date of 

bi rth a .nd t he i r  s i re.  Con s i de ring only t he herd e nt ries,  t hose 

born be t we e n  1930 an d 1933, 1934 and 1937, 1938 and 1941, 1942 and 

1945, and be t we e n  1946 a nd 1949 i n clusive do exhibit be twe en group 

di fferenc e s  so far as sires are c onc e rned  a n d  at t he same t ime 

show considerable uni formi ty wi t h  i n groups. The classification 

was consi dere d suffi c i e nt ly di st inct t o  warrant t he grouping of 

her d  e ntri es i nt o  the classe s s pe c i fi e d above . 

The cows born i n  a ny spe c i fie d p e ri od have bee n 

c onsi de re d a random samp le of cows from some i nfinite sub-populat ion 

of cows whi ch mi ght have been born in t hat pe riod in the herd under 

study . The sub-popula t i on i s  a s sume d t o  be normally distributed 

wit h me an s p + bj and vari ance � . 
Mature e qui vale nt re c ords of t he 357 cows in the herd 

un de r  s t udy were fi rst t abulat e d. Table � shows in abbreviate d  

form t h e  lay-out of t he raw dat a corre c t ed t o  maturity e quivalent. 

Cow YePr of ]e8 son 
Birth 1930-1 

1 191S 221 
2 1920 316 

3 56 1948 

3 57 1948 

Freshe ni ng 15911 ye ar su�. 

cow fre she ne d. 
1�)1-� .. .. .. .. ..  

2 5) 

2?96 6 

. . . . 

Cow 
11� JU-1 Sum .  

221 

56 9 

433 433 

320 320 

47309 

The t ot 8l but t e rfat prouu c t i on of each cow, e ac h  year, 

and of e ac h  sub-population were then calculat e lid. 

The next step was to calcula te the value of cjk 

f or each  animal. This was de ri ve J  from the number of lactati ons 

re corde fi  for each ani ma l  plus thefactor 1-r 
r 

1. 3. The l ayout 
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o f  t he dat a for t hi s cal culati on i s  shown i n  Table  4. 

ai 

. 
a21 
bi 

b6 

Ci 

, 

b 3 57 

a · l 

49 

1 

0 

. .  . . . . . 8.2 1 bi . 
. .  b6 C jk Ri ght 

member.  

1 0 6  

4 0 6  

7 5  

0 2 . 3 221 

1 2 . 3 320 

The top two se c t i ons of the ta ble ( ai - a21 and bi - b6 ) 
are i nclude d t o  che ck c omputati ons  and for subse quent calculati ons . 

Havi ng obtai ne d. the C jk for e ach animal the next step 

was t o  re duce t he l arge number of unknowns  de si gnated  by zero in 
Table 4. The e quat i ons nece s s ary t o  solve the se  unknowns may be 
reduce d  t o  2 7  i n  number by maki ng use of the fact t hat Cjk can 
be expre sse d i n  terms of  t he 8J ' )l +- bj and the ri ght me.mber 
of the C jk e quati on . For e xample : 1 ( 2 2 1  Ci = 

2 .  3 

Thi s i s  fe ci li t P t e d by p e rformi ng the operati on i n 
two s t ep s . Fi rst Table 5 WFl s prepare d as shown : -

Table 5. 

ai . . � . . .. . . . � a2 1 bi b6 cjk Right 
mamber. 

cl • 43 48" • 4 3 4 8  2 . 3 9 6 . 08" "  

?7 . 3030 . 6061  3 . 3 213 . 6 4 

. 
·. 

c3 57 . 4 3 4 8  • 4348 2 .  3 139 . 13 

11 �Q_Qf_l���a tion� 1 = 
c jk 2 . 3 

11 1 1  ���Qf_l�£l�!i o� = 2 21 
C jk 2 . 3 

Thi s enable s Table D to  be prepa.re d i n  whi ch c jk can 
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be e xpre s se d i n  t e rms o f  o t he r  parameters . I n  t he s e  e quat i ons 

t he c o lumn he a di ngs de n o t e  t he unkno wn s  whi l e the row headings 

de note t he e y ue.t j. o n s . Table 6 i s  p re p are d by us ing i nformat i on 

i n  Tabl e s  4 an d 5. 

Table 6. 

ai 

a2 1  

?i 
·. 

b 6 

.. 

ai • • • # 

3 9 . 3 4  

. . .. - .. a21  

84. 83 

b ·  l b6 

1 2 . 57 

1 5. 1 0 

7 2 . 9 5 

2 9 . 7 1 

Ri ght 
member . 

3 , 712 . 7 4 

1 2 , 9 57 .  50 

2 5 , 03 3 . 13  

1 2 ,  6 7  5 .  OJ 

The e ntry i n  t he upp e r  l e ft -h e n d  c orn e r  i s  c alculat e d  

f r o m  t h e  e n t ry i n  t h e  ai � o lumn a n d  a 1  row of  Table 4 mi nus the 

cro ss p r o du c t s o f  the e n t ri e s  i n t h e  ai c olumn of Tabl e  E. 
The e ntry i n  t he a2 c o l umn ai r o w  i s  calcul at e d from 

the same t a bl e s . 
The entry i n  t h e  bi c o lumn ai row i s  c al cul at e d  from 

bi· '  c o lumn a i row i n  Tabl e 4 mi nu s t he e ntri e s  i n  the bi c olumn 

o f  Ts.ble !>� 
The e nt ri e s  i n  t he bi c olumn s and bi rows are t he sums 

o f  the bi c o lumns . 

The Ri ght membe r  i n  Ta.ble 6 for the ai row i s cal culated 
from the sum for t he ai row i n  Tabl e 4 mi nus the sum of all 
e ntri e s i n  t he Ri ght rnambe r c olumn of TP b l e  5 for al l the entri es 

of ai. 

I t  i s  po s si ble t o  re duc e  t he e quati ons sti ll  further 

by maki ng use o f  the fa.ct t hat b j c an be expre ssed  i n  t e rms o f  

aj an d the ri ght memb e r s .  Thi s step i s  shown i n  Table 1f. 

Table 7. 

�j ai . . . . 
· "  · · · · 

a 2 1  b j  Ri ght member . 

b ·  . 1 . 1 7 23 7 2 . 9 5 2 5 , 033 . 13 

. 

b 6 • 5082 2 9 . 7 1  1 2 , 6 7  5.  OJ 

The entry i n  t he ai c o lumn bi row i s  c al c ul ated from 
the e ntry i n the bi c olumn ai row of Table D di vi de d by t he sum 
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o f  the m tri e s i n  t he bi c olumn o f  Table 6. 

Ent ri e s  i n  the b j column s n d  the Ri ght member column 
are obtai ned di re ct  from Table �. 

The next s t ep i s  t o  c on s t ruct Ta b l e  S i n whi ch C jk 
and b j have been e xpre s s e d  i n t erms of  ai and t he right�ambers . 

Table 8. 

�i 

; . a21 

ai . . . 

3 7 . 17 

. .  . ' · ' 821 

7 5 .  6 5 

Ri ght membe rs 

- 59 7 .  4 6  

+ 2 , 27 6 . 52 

The e n t ri e s  i n  Table $ are obtai ne d from Table ! 
by the s a me proce dure as a dop t e d  i n  e ons truc ti ng Table • 

The re i s  no s oluti on t o  the e quati ons of Table 8 
as t hey  stand s i nce the sum of all bue one o f  the equati ons 
i n  each row i s  equal t o  t he re mai n i ng e quati on wi th si gns 

change d . Thi s di ffi cul t y  can be ove rc ome by i mp osi ng the 

re s t ri c t i on that t he sum of ai • 01 t hat i s  ai + a2 + • 0 

Thi s re s tri c t i on i s  permi s sable since ye arly envi ronmental 

e ffect s are t he re by exp re s s e d  as de v i at i ons about t he mean of 

such effect s . Thus a21 = - ai - a2 - - - - - a20-
The s olut i on of the se e qua t i ons wi th  a l arge number o f  unknowns 

and unequal subclass numbers i s  di ffi cult an d te di ous . The 
pro ce dure may , however , be e i mpli fi e d  by some computati onal 

de vi ce s .  The one e mp l oye d  i n  thi s study i s  t he i te rat ive 
me t hod  of so luti on . 

The e qu2 t i ons a l r e a.dy o b t r:Ji ne d are n o t  i ndependent . 

The foll owi ng proce Jure t o  meke t he e quat i on s i ndepe ndent and 

the di agonal el en1ent s a s  l arge as p o s s i bl e  relati ve t o  t he off 

di agonal s ha.s be en adop t e d ( Hcnde rson 1 9 48) . 

a ·  l 
a2 

·. 

a20 

( a ) the a21 element s ha s be � n  de l e t e d  

( b )  the coe ffi ci e n t s  o f  the a21 e lements have been 

sub s t ra cte d from t h e  a1 e l eme nt s i n  t he appr op ri at e row.  1 
Tabl e . § . can then be c onstruc t ed . 

8.i 8.2 

3 7 . 1 7  - 9 . 1 6 
- 9 . 1 6  52 . 4 8  

. . .  ; , . · · a20 

101 . 08 

Sum 

- 59 7 .  46 

- 49 3 . 2 4 
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The sum c o lumn in Tabl e 9 i s  o b t ai ne d f r o m  the 

di f fe re n c e betwe en t he ri t:;bt numb e r s i n  Table & and t he p r o duct 

o f  the e n t ry i n  ai c o lumn b i r o w  and t he ri ght numbe r i n  Table , 

i . e .  ( ,._ 3 , 71 2 . 7 4 )  - ( 2 5 , 63 3 . 1 3  X 0 . 1 7 2 3 )  - - 59 7 . 4 6 . 

The it e ra tive me t ho d o f  s o lut i on was t he n  e mp l oye d 

t o  o b t ai n T a b l e  ll. Thi s me t ho d c on s i s t s  o f  abs orb i ng ai • 

The re sul t s are gi v e n i n  Te ble 1 0 . 

- 1 7 . 07 - 6 . 86  + 3 3 . 56 

- 1 6 . 3 2 - 6 . 7 3 
- 1 6 . 07  - 6 . 6 8 + 3 1 . 86 

The firs t  e nt ry in t he b o t t o m l e ft han d c o rne r of 

Ta.ble l D  is de ri ve ...�. f r o m  t he di v i s i on of t he sum i n  row ai 
o f  T�bl e 9 by t he e n t ry i n  ai c o lumn ai r o w .  

- 59 7 . 4 6  /3 7 . 1 7  :: -1 6 . 07 

The fir s t  e nt ry f o r  a2 i n  Table 1Q is d e ri v e d from 

t he f ollo wing e qm'l t i  o n : 

:: 

= 

t 5 2 . 4 8  a2 :: - 2 03. 57 

=2 0 3 !.. 57 :J.�!-.1 6  �_]j_. 0 7 )  
52 . 4 8 

- 6 . 6 8  

Thi s p ro c e du r e  i s  c on t i nue d acro s s  t he p age . 

The s e c o n d  e � try f o r  row ai wo rk i ng up wards i s 

derive d f r om Te b l e  9 a s  f o l l ows : -

= - 1 6 . 3 2 . 

Suc c e s si ve e s t i ma t e s  were c el cul a.t e d  unt i l  the l ast 

t hre e i n  all c o lumns we re ide ntic al . 

s h own i n  Table 1 1 . 
The s e e s t i ma t e s are 

ai - 1 7 . 0 7 

�2 - 6 . 86 

a3 4 . 07 

a 4 - 8 . 50 

a 5 -1 2 . 0 8  

a6 - 4. 53 
a7 1 4 . 9 1  

The e n vi r o nment al e ff e c t s  p e c ul i a r  t o  c o ws 
fre s he n i n5 i n  e e c h se as o n . 

a s I 9 . 3 2  8 1 5 1 .  9 6  -

ag - 57 . 0 3 a l 6 1 4 . 0 4  

a1 0 -1 0 . 01 a17 - 1 .  83 

all 1 5 . 9 1 al 8 - 25. 1 2 
a1 2 8. 87 a1 9  4. 83 

8.1 3 3 5 . 7 0  8.2 0  - 8. 40 
8.1 4 1 2 . 1 8 a2 1  3 3 . 56  
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1 7 . 

The se  repre s e nt the e nvi ronmen t al e ffe c t s  pe culi ar 

t o  c ows fre sheni ng i n  e B ch ye ar . 

I t  was then _p o ssi ble t o  corre ct  the ani mal rec ords 

for ye ar t o  ye e r  e nvi ronme ntal e ffe ct s . 

gi ven i n  Ta ble 1 2 . 

The re sul t s  a re 

tye ar .  

I 

P- 9 30-31 
P- 9 31-3 2  
P- 9 3 2-3 3  
1 9 3 3 -3 4  
1 9 3 4-3 5 
1 9 3 5- 3 6  
1 9 3 6-37  
1 9 3 7- 3 8  
1 9 3 8-3 9 
1 9 39-40  
1 9 40- 41 
11 9 41 - 4 2  
1 9 42- 4 3  
l-1 9 43- 4 4  
1 9 4 4- 4 5  
1 9  4 5- 4 6  
1 9 46-47  
1 9 47-48  
11 9 48- 49 
1-l- 9 49 - 50 
1 9  50- 51  

Ann��l_L�1�I�--��iY�le n1_��� Geneti c 
���:r§lg§_.§_. 

Annu2 l Mature Equi ve l e nt AnnuP l Ge ne t i c Ave rage 
Ave rP f::_:e . x 

( P oun d But ter  Fe t )  ( F ound Butt e r  Fat ) 

3 2 5 3 42 
3 4 3  3 50 
3 6 ?  3 58 
3 7 7  3 8 5  
3 6 3  3 7 5  
3 6  5 370  
3 9 0  37 5 
388  379  
331  3 88 
391  401 
41 6 400 
419  410  
4 4 4  408 
3 9 5 383 
4 1 6  4 1 8  
4 2 9  41 5 
421  4 23 
403 4 2 8  
4 3 2  4 2 7  
42 4 432  
4 46 412  

x Maturi ty Equi va l e nt s . 

Fi g. 3 shows the a ver�ge butt e rf� t producti on 

( c orre ct e d to  mature a ge ) an d t he gene t i c ave rage for the herd 

duri ng twe nty-one ye a.rs studi e d . The s t ra i ght li ne tre n d  of 
t he actual rec ords i s  u_pwP rd a t  the re te  of  4 .  8 p ounds p e r  ye ar . A ; 

The gene t i c c omp onent of  thi s i s  3 � 9 p ounds , approxi mate ly 80% 

of t he t o t al i mproveme nt , wa.s due t o  change s i n  here di t y .  

Fi g 3 s hows t h e  re gre ssi on l i ne s  of the �ctue l and 

the ge ne t i c avera ge s . 

The amount o f  re l i ance  whi ch c an be plac e d on thi s 

e st i ma te j_ s uncert ai n . Compared �·i th the fi n di ngs rep orte d 

by Lush ( 1 9 5lb ) the gene t i c i mproveme nt s i n  t he her d  studi e d  

a re l arge . The m8 t eri a l  s tudi e d  '!•:e. s proba.bly superi or t o  

t ha t  use d i n  the I owa ana lysi s si nce  'i t spre ad  over a bout 

four c a t tle  ge ne rP ti ons a n d  the herd 2.vere ge d ap.J roxi mately 

100  c ows i n  mi lk e e.ch ye e.r . The ma t e ri al di ffere nce i s  ihat 

all normal re c ords betwee n lOO  P nd 3 0 5  days durati on were 

i nclude d i n  t he analysi s whe re as t he study rep orte d by Lush ( i bi d )  

de alt only wi th the fi rst  1 80 days o f  e ach l act at i on . The way 
i n  whi ch thi s di ffe re n c e  woul d a ffe ct  t he re spe cti ve analyse s is  
not  clear in  vi e w  of  the absence  of ren P P t. P h ; 1 "  h· f;ij;.u:.._�_  for_ +he -
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1 8 .  

fi rst  1 80 day s i n  the p re s e n t s tu dy . 
An ave r a ge ani ma l ge n e t i c gai n of a lm o s t four p ounds 

of but t e rfat p e r  ye ar ov e r  R t we nt y-one yea r  p e ri od rep re sents 

c on s i de ra b l e  gen e t i c  p r o gre s s . It repr e se n t s a ge ne t ic 
i mprovement of a p p r o xi m e t e l y  1%  o f  the R Ve ra ge yie l d  per year. 
Re n de l  an d qob e rt s o n ( 1 9 50 )  st a t e  t he t  t he ma xi mum po s s ible rate 

o f  Le n e t i c  i mp r ov e m e nt j n  mi lk yi e l d  i n  a c l o s e d he rd would be 

o f  t hi s o r d e r . The s e  r o rke r s  u s e d 2 v e lue o f  0 . 2 5 for the 
he ri t a bi l i t y  o f  mi l k  yi e l d b a s e d  o n  o n e  lactati on . Si n c e  the 

rep e at a b i li t y o f  r e c o r d s  i n  the he rd s t udi e d  was 0. 4 4 i t  i s  

p os s i bl e , t hough t hi s was n o t a s c e rt ai ne d , t ha t t he he ritabi l i ty 
va lue s for but t e r  fat yie l u  fr om s i n�l e l a c t a t i o n s was more than 

o .  2 5.  Thus t he max i mu m  c vG ra.L�e ani mal ge n e ti c gains for butter 
fat yi e l d  may excee d  1% o f  t he ave r2 ge yi e l d p e r  year . If such 

i s  t h e  cas e then the re sult s obt c: li ne d  woul d n ot appear unreasonable . 
The r e  are s e v e r e l  re 2 s o n s  f or e xp e c t _i_ ng c o n s i de rab l e  gains : 

( a ) Ap art f r o m  h o  J mp o rt e d  s i re s  u s e d , i n  the p e ri o d revi e we d  

t he h e r d  we s c l o se d . Thu s t he p rob a bl e bre e di ng value 

of the s i r e s u s e d c ou l d �e p r e di c t � d more accurately than 

i f  t l 1e y  '!.':e re b ought i n  bE c au s e  t h e  ma n c: ge ment factor would 
be a s s e s s e d . 

( b )  The i n t e n si t y  o f  se l e c t i on c ou l d  he ve be e n  hi ghe r than 

( c )  

that n o rmc l l y  e n 8 ount e r e d  i n  � edi cree he rds . In the 
f i r s t � l a c e r c l c � i v L l y fe w si re s � e re u s e d e x t e n s i v e l y . 

( se E  Fi g . 9 .  ) e n d  t he y  mc y have be e n  s e l e cte d from only 

the few out s t � n d i n[ Lla.m s i n  t he ht. r d , r a t he r t han the t op 
5% o f  t he hE r d  >:hi e h  i s  t t.E:  usu&l a s sumpti on ( Lus h 19 46  p . 1 47 ; 

3e c on C l y  a re l a L i ve ly l o� p rop ort i on o f  t he avai l able 

he i fe r s  rep l a c e me n t s  e n t e re d the he r d  e a ch ye ar parti cularly 
i n  t he l e t e  y -: :-: r s  s t u di e d  ( see  Fi 5 . 8 .  ) . Thi s again 
woul d a ll ow more i n t e n s e s e J_ E: c t i  o n  t o  be prac ti se d although 
t h e  . dJe d ee n e t t � c o n t ri but i o n  fr o m t hi s s ource i s  not 

l i �e l y t o  b e  l e rg� . 

On t h ,.  o t (.L- r t ·-· n J  t he l o ·:: r c � l o c e me nt rate no t e d  

t c :;c t h c r vd t h  t i 1c _::rc:: cJua l i n c re o s e i n  he r d  si ze ( se e  Fi g . 7. ) 
w oul a be re f l e c t e d i n l o nge r se n e re t i o n i n t e rv a l s  and ,  s i nce 

t he �c n e t i c i mp r ov e m e nt p e r  yc cr i s  c qu e l  t o  the ge ne ti c 

se l E c t i o n  di �fe r e n t i a 1  di v i dc u  bj t he mean ge ne rati on 

l e ngt h , t he a C v F n t P ce s  a c c rui ng from t h e  more i ntense 

se l e  c t i  on m o y  h.  ve b e e n  1 'l rt;e l y  di s ..:. i }l a t e  d by t he i ncre ase d 

ce n e r s t j o� i n t e rv o l J . 
Ac c o r dins t o  the bre e de r , v e ry l i t t l e emphasi s has been 

pl a.ce d on s e l e c t i n g �or fp c t o r s  o t h e r  t ha n  but t e rfat yi e l d ,  

e . c . t yp e  rnd but t e r fP t  _p e rce n t a ge . Sele cti on for the se 
fa c t or s  wou l cl ha ve re du c e d t he s e l e c t i o n di ffere nt i al o n  

yi eld . 
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The n e xt p r o bl e m  i s  t o  fi n d  t he s ource of thi s 
ge ne t i c i mp rov e mt nt - �he t he r  i t  c om e s fr om dam s e l e c t i on 
or from s i re s e l e c t i o n . The s e  g r o bl e m s  a rt de alt wi t h  i n  

the r e � a.i n de r o f  thi s � tu dy . 



2 0 .  

GEN-:-:;TI C CHAN GE3 .UU.E T O  DAW. .:JT LE C T I ON . 

In the  p revi ous s e c t i o n  the t o t a l  gene ti c gai n i n  

t wentyone sea sons  has be e n  f ound t o  be + 3 . 9 4  l b s . o f  butter­

fat p e r  se as on . Thi s may hi·-J V£ be en due p artly or e n t i re l y  t o  

t he s e l e c ti on o f  dam s of  repl a ce me nt s an d i n  t hi s s e c t i on an 

at t e mp t  ha.s be e n  me.de t o  r s c e rt a.i n  t he p:rop ort i on of the geneti c 

gai n the  bre e de r  has a.chi e ve d  t hrough dam s e le ct i on . 

I�ori�nc�_Qf_�����_l�y�!_Qf_Qgii�rf�r o duct i on .  

As far e. s p o s s i ble NeV7 Ze aland dai ry farmers  ai m to 

have al l the cows i n  t he i r  he r d  c alvi ng a.t t welve mont hly 

i nt erval s . Under normal c i rcumst an c e s  the numbe r of he i fers 

b orn e a ch  ye ar wi l l  exc e e d  replacement re q ui rement  (N. Z. Dai ry 

Board , 1 9 43 ) . Thi s e x ce s s  p e rmi t s  t he bre e de r  t o  exerci se a 

c ho i ce and , i f  hi s ai m i s  p ri mari l y  t o  i mprove t he le vel of 

but t e rfat pro ducti on i n  hi s he rd , as far as p o ssi ble he wi ll  

p robably choose  a s  hi s future b re e di n L  dams t he offspri ng of 

t ho se dams 'rhi ch i n  hi s op i ni on a re most  li ke l y  t o  t ransmi t 

de si r8ble here di t e ry fC� c t ors for but t erfat pro duct i on . · Thi s 

ne ce s s a ri ly i nvolve s e st i ma t i ng the bre e di ng value s of  herd 

dam s and i f  t he e ffe c t s  of dam s e l e c t i on are si gni fi can t , t he 
c are and  a c curacy vri t h  whi ch such e s t i m-> t e s  a re made and t he 

use  of  t he m ,  should be rc fle c t e J  i n  the subsequent gene t i c meri t 

of  t he he rd as a "ho le , and t he bree di ng ve.lue of t he s i re s  

supp l i e d  t o  the i ndust ry . 

The relat i ve . i mp orta n c e  of - t he vari ous ai ds  t o  sele c t i on 

i s  fully di s cusse d by Lush ( 1 9 4 5 ) e n d ,  i n  vi e w  of  the numerous 

p rC� cti c a l  di ffi cult i e s ,  he c on c lu de s that i n  the use of female 

da.i ry c a t t le e st i m8 t e s  of bre e di ne ve lue ba sed on an ani mal ' s  

p e rforma nce  a re l i ke l y  t o  be m o s t  valuabl e . The repro duc t i ve 

c ap a ci ty o f  cows rul e s  out p roge ny t e s t i ng a s  a wi despre ad me ans 

o f  se le cti ng t he be st bre e di nc d am� whi l e  s e l e cti on o f  dams on 

pe di gre e rat he r t h8 n  p erformance  i s  l e s s accurate by i t se l f  and 

shoul d be use d only as 8 p re l i mi nary e st i ma t e  or  a s  a ddi t i onal 

evi den ce  t o  p e rformance . 

But t he p e rforman c e  o :  · n  ani mal i s  e s s e nt i ally  a 
p henotypi  c measur � a.n d mak e s  no di s t i  n c t i  on be twe en v he ggee ti e 
and e nvi ronme ntal c on t ri but i ons whi e h  i t  c o mp _�i s e s . · Further ,  

me asure s of � e rf o rm e n c e  a re e xpre s s e d a s  lactati on yi e l ds and 

for  a ny one a n i mal t he se  c hr nge from t i me t o  t i me .  He nce t he 

bre e de r  must fi rst de c i de up on t he be s t  e s t i m8.t e of p he notyp e  

a.n d t hen a p 9 re ci ate the t only A .,t> ort i on of  the phenotypi c 

di ffe re nce s be t we e n  ani ma l s  i s p P s se d  from p are nt t o  offspri ng 



and re fle c t e d i n  t he p e rf o rm an ce o f  the l at t e r . 

Af t e r  ciue a. l l o v, e n c e  ha s b e e n  m2 de f o r  age and knovm 

e nv i  ron rnent e.l e ffe et s , di ffe rc n c e  s b e t we e n  t he l ac t at i on 

yi e l d s of t h e  s ame a n i me.l s t i l l  exi st ( ,-{ende l  an d Robe rt s on ,  19 49 ) . 

Si n c e  t he bre e di ng v :� lue of the an� rnal doe s not al ter , t emporary 

or unnoti c ed  ch a n ge s  i n  e D v i r o n m e n t  or e rro rs i n me asuri ng yi e l ds , 

e i t he r o r b o t h worki ng i n  a p o s i t i ve o r  n e gat i ve di re c t i o n , are 

o f  i rnp o rt a.n ce . ri.ep e s t e d  me a sure me nt s of the phe notype all o w  

t h e se t e mp ora ry e ffe c t s t o  c an c e l  e 2 c h o t h e r  t o  s ome e x t e n t  t hus 

re duc i ng t he p he n o t yp i c ve ri A n ce . The he ri t abi l i ty of t he 

re mai ni ng p heno t yp i c v a ri an c e  t hu s  become s hi ghe r. Lush ( 1 9 48 )  
* 

s t at e s  t hat whe re i nt ra -h e r d  " re p e at abi l i t y "  i s  about 0 . 4 selecting 

o n  t wo l act at i o n re c o rds p e r  dam woul d re sult i n  1. 2 ti me s as 
Ql,'llch progre s s a s  s e l e c t i ng on o ne , th re e re c ords e.bout 1 . 29  t i me s  

as much , four re c ords 1 . 3 5  t i me s a s  much and the l i mi t woul d be 

1 . 5 8 t i m e s as muc h  e v e n  i f  a l l  s e l e c t i o n  c oul d be p o stp one d unt i l  

the c ow h ad ·p n i n dt; f i ni t e ly l P1 rge numbe r of re c o rds . 

The i mp ort ance o f  a suc c e s s i on o f  yi e l d s i s  wel l  

i l lus t ra t e d by Wa.rd ( 19 51 ) . I n  t he i nve s t i gat i onal work of 

t he r e w  Ze aland Da i ry BoA rd t he ave re se pe rforma nce o f  s i re s  

d a ught ers we re found t o  va ry app re c i a bl y  wi t h  t he pe rformance 

detai l s  of t h e  s i re ' s darn . 6 3  s on s of  Li fe t i me Me ri t Re gi s te r  

c ows ( 2 , 50C  l b s . o f  but t e rfat duri ng a p e ri o d  o f  n o t  more t han 

8 ye ars ) l e ft daught e r s  a.v e ra gi ng 11 l b s  o f  but t e rfat abovre the 
expecte d and 207  s o n s  of c o ws wi t h  si ngl e re c ords o f  ove r 6 0 0  l bs . 

of  but terfat l eft daughters s ve ra eji ng 4 l b s . ab ov e t he e xpe cte d  

l e ve l .  Thu s t he s o n s  o f  dams p r o du c i nG o n  t he ave rage be twe e n  
300 an d 400 l b s . of bu t t e rfa t i n  e a c h o f  e i eht s e a s o n s  e ff o rt e d 

alm o s t  t hri ce a.s much p r ocre s s  i n  l e ve l of fat pr o duc t i on as di d 

t he s o n s  o f  darns wi th a. si ngl e re c o rd e x c e e di ng 6 00 lbs . of 

but t e rfs.t . 

�i t hi n  he r d s , t h e  bre e di ng v a lue s  o f  t he dams are 

e s s e nt i a J l y  c o mp ara t i ve . A bre P de r  re l yi nc on home -bre d s t o ck 

for repla.cements  i s  c o n c e rne d :i n  ui s t i  ngui shi ng the re l at i ve 

ge n o t yp e s o f  t he dc m s  c omp ri si ng hi s current herd. If numbers 

are to  be ma i nt ai n e d , s ome hei fe r s  mus t  be brought i nt o  the he rd 

e ac h  ye ar . Waki ng t he de c i s i o n s  as t o  whi c h  o f  the young s t o ck 

en t e rs t he h e r d  i s , t he r e f o re , a more o r  l e s s  c onti nuous p roce s s  

and s i n c e  i t  mus t  b e  re lat e d  t o  the m e ri t of the avai lable he i fers , 

"'A Se e Ap [J e n di x  I .  
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2 2 .  

changi ng from t i me t o  t i me as t he sta,ndard a l  te r.s . If 

pre fe re nce  i s  shown for the progeny of hi gh produci ng dams , 

hi gh p r o duc t i o n  re l a t e s t o  the a ve rage produc t i on o f  the herd 

when t he re cords we re made . Si nce  herd ave re ge s  vary from 

ye ar t o  yeer i ndi vi dual pr o ducti on s mu�t be rel ate d to them .  

For example , the p roge ny of u n  ani ma l p ro duci ng o n  t he average 

400 lb s .  of but t e rfat e ach  l a c t at i on when t he herd ave rage i s  

3 50 l bs . me ri t s  more a t tenti on t han t he p roge ny of a 400 lbs . 

c ow i n  t he s a me herd whe n  the a v e rage p ro duc ti on has ri sen t o  

3 7 5 lb s . 

The ne c e s si ty  for eli mi na.t i ng changi ng standards of 

produc t i on i n  th e he r d u n de r study i s  cl e ar from Table 2. 

and Fi gure 2. .  i n  whi ch  a re sh own the annual ave rage s o f  normal 

l a ct a t i ons  pro ducti on duri ng the fi r st 30 5 days of a lactat i on 

and for cows i n  mi lk for at l e a st  100  days for 2 ye ars , 3 ye ars 
and  4 - 9 ye ars re sp e c t i ve l y . C o n s i de ra ble ye ar t o  ye ar 

v ari at i ons are app are n t  i n  Fi gure .4 . but t h e re i s  a di s t i nct 
up ward trend i n  producti on  l e ve l s . The re i s  an upward trend 

of + 4 . 6 9  l b s . p e r  ye ar for 2 ye ar o l d  and + 4.7 J  for t he mature 

a.ni mal s .  Si n ce t he av e r a.ge pro duct i vi ty of  re cor de d cows i n  

New Ze alan d has ri sen  only 3 0  - 40  l b s  duri ng the peri od 1930- 50 
( Ne w  Ze al a n d  Dai ry B o ar d ,  1 9 51 ) , t he e normously i ncre ased product ­

i vi ty o f  the herd unde r  study , may in  a l arge measure re fle ct 

ge ne t i c i mproveme n t s  as we l l  a. s be tte r herd ma.n agement and i mproved 

l evel s  o f  fe e di ng. Howeve r , a.n e xc=;mi na ti on o f  Fi gure 4 - i n whi ch 

t he 2 ye ar ol d and me.ture c ow annual ave rage s  are s hown re ve als 

tha t the t wo a v e r e ge s  though i n  general m ovi ng t oget her,  do not 

i nvari ably do s o .  One V>;oul d ant i cipat e t ha t  i f  the ge neti c me ri t 

of  the s t o ck was  uni form from ye ar t o  year the n  se asonal c ondi ti ons 

woul d affe c t  the ..tr· o duct i  ons of the two age gr oup s i n  a s i mi lar 
manner t hough not  ne ce ss a ri l y  to � he same exfent . That such i s  

not  t he c as e  sugce s t s  thAt  t he ge n e t i c meri t of t he rep l aceme nt 

s t o ck may v o ry from ye 0 r  t o  ye ar . For e xamp l e , duri ng two peri ods , 

first be t v•.re e n  1 9 3 9 - 4 0  P n c'l  1 9 4 2- 4 3 , and s e c o n dly be twe e n 19 4 4- 4 5  
and 1 9  4 7- 4 8 ,  there i s  a. de c re as e i n  p r o du c t i  o n  o f  t he 2 ye ar- o l d 

gr oup whe reas t he p r o du c t i o n o · the mature c ows shows an upward 

t re nd . An at temp t  he s be e n  m � de to de t ermi ne whe the r t he s e  

di ffere n c e s  c oul d b e  rt- fle cte d t o  t he s e l e c t i on p ra.ct i se d  by t he 

bre e de r  c o n c e rn e d .  

In vi e w  o f  the se � i n Ji n5s a n  at t e mp t  has be e n  made to  

e l i mi n a t e  c h r ngi ng s t a n d E r d s  o f  p ro duc t i on by  calculati ng for al l 

ani m o l s  t he di fference s be t ·�·e e n  t he i r  i n di vi dual lactat }ons ( Hot 

l e ss than 100 days an d n o t  e x c e � di ng 30 5 days durat i on )  and the 

c: v e rB ge yi e l d  of  al l c o ·:."s i n  the s ame e r  l ving group i n  the same 

ye ar . Thi s method  of e ss E s s j ns t he r e l a t i v e p r o du c i ng abi li ty 
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of a ni mal s was adop t e d be cause i t  re semble d the methods 

p robably e mpl oye d by the bre e de r .  I n  maki ng comp ari sons 

b e t we e n  c ontemp ore.ry c ows whi eh we re p ot e nt i al dams of 

rep l acement s t o ck t he bre e der woul d normally i nt e rpre t 

pe rformance  re c ords i n  t he l i ght of the ge neral  herd 

produc t i on i n  the p e rt i cul a r  ye ar . . Indi vi dual de vi ati ons 

have be en c a.l cul at e d  e.n d the  re sul t ant fi gure use d as an 

e st i mat e of the pr o duci ng abi l i t y  of the dam . 

o f  thi s c al culat i on foll owB! 

An example 

Lac t ati on . Age 
Yrs .  mths . 

1 1 - 11 
2 3 - 0 
3 3 - 11  
4 4 - 11 
5 6 - 0 
6 7 - 0 

In �i Vi�l:d.§J,_ 
Produc t i on . 

( i�-P ou;;-d-

but t e rfat 

2 4 6  
3 1 6  
419 
482 
4 2 8  
406 

�y_f} r_��-f_or De vi ati on 
!2:.D.ime 1_.e__Qf_ Tin p ound 
.e.i!!!i le r_age . but t e rfat ) f i n  p ound 

but t e rfat ) 
29 5 ( 2 )  "')J• - 49 
3 88 ( 3 )  - 7� 
43 5 ( 4-9 ) - 1 6  
4 40 ( 4-9 ) t 42 
403 ( 4-9 ) t 2 5  
429  ( 4-9 ) - 23 

( Pro duc t i on re cords bas e d  on l ac t ati on  re c ords of be t we e n  100 

and 3 0 5  days durat i on ) . 

Sum of devi a t i on s  i n  s i x  ge nerati ons - 9 5  lbs . 

The product i ve c ap e c i ty i s  t he re fore e st i mat e d  at -1 6 lbs . 

b e l o w  t he herd ave rege bas e d  on six  l ac t a ti ons.  

�· Wi thi n bracket s  2,  3 and 4-9 ye ar- o l d  a.verage s  i n  t he s ame year .  

The herd average s for di fferent l a c tati on group s are 

shown al ong wi t h  t he numbers o f  obse rvat i ons i n  Table Z . Use 

of t hi s t P. ble  i n  con jun c t i on wi t h  i n di vi dual l ac t a t i ons e n abled 

e sti mB t e d  product i ve cap a ci t i e s  for a l l  o f  the ani mals whi ch 

e n t e re d t he he rd and comp l e t e d at l e as t  one l a c tati on t o  be 

c al cul at e d .  But e st i mat e s  o f  product i ve c apaci t y  d o  not p rovi de 

an exact mea sure of  t rP n sm i t t i ng a bi li t y .  Only s ome of the 

di ffe re nce be twe en i n di vi dual p ro duc t i ons  i s  ge ne t i c i n  ori gi n  

and offsp ri ng only re c e i ve a s ampl e  ha l f  of t he i r  dam ' s  ge notype s .  

The only a vai l able e sti ma t e  o f  t he e vE: rP '=- e ge neti c frac ti on of 

t he di fference  be twe e n  an ani mal ' s  be t t E rfR t p roducti on and t he 

herd average unde r Ne w Ze al and c ondi t i ons i s  i n  betwe e n  30 t o  40 

p e r  cent . ( Ward ,  19 4 4 ) . Thi s fi gure i s  i n  acc ordance wi th 

overse a s  workers , Plumb ( 193 5 ) , Lush ( 1 9 4 0 )  and Lush and Strauss 

( 19 42 ) . I t  m e an s  t hat i f  c ows exc e e di ng the he rd ave ra ge by 

1 00 1bs . but t e rfat are m e.t e d  t o  si re s whi c h  are t he ave rage of 

the i r  ge nere t j_ o n ,  the i r  daughte r s  wi l l  o n  t he a verage exce e d  

t he he rd ave rP ge b y  1 5  t o  20  lb s .  but t e rfe.t . Furthe r t he 

rel�abi li t y  of e st i mat e s  of  product i ve c apa c i t y  and the re fore 
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o f  bre e di ng worth i ncre a.se s wi t h  t he numbe r of re corde d  

lactat i ons ( Lush, l9 4 5 ;  Be rry , 1 9 4 5 ) . I t  i s  t hus nec e s s ary 

t o  wei ght e st i mat e s  o f  p roduc t i ve capaci t y  ac cordi ng t o  the 

numbe r of l P ct at i ons up on whi c h  the y  are based .  

Wi t h  the.se consi derat i ons i n  mind i t  was deci de d  t o  

use the me thods de s cri be d by Lush ( 1 9 4 5 ) a n d  t o  mul tiply the 

e st i mat e s  of t he pro du c t i ve ce p a ci ty by th e  fact ors shown i n  Table 

1 3 , s o  that t he re sul t e nt e st i ma t e d bre e di ng-worths woul d be 
c omp arabl e . Si nee e a.ch darn only p 8  s se s on a half o f  her 

sup e ri ori ty t o  e ach da ught e r , e a ch fa c t or i s  di vi de d  by 2 t o  

gi ve e n  i nde x o f  the de m ' s t ra n s mi t t i ng P bi li ty .  For example 

an ani mal wi th a fi r s t  l a ct e t i on of 300 lbs . butt e rfat duri ng 

a ye ar i n  whi ch the ave rage of  e ll fi rst la c t a t i ons was 320  lbs . 

but t e rfa t woul d have a n  e s i rna te d bre e di ng value o f  - 20  x 0 . 07 5 

or - 0 . 01 5  lb . In othe r words , i f  thi s da m was mat e d  t o  a s i re 

only mai nt ai ni ng the he rd average , on t he P Ve rage he r progeny 

woul d have a. ge ne t i c cepC1  c i t y  - 0.  01 5 1 bs . l e  s s  t han the herd 

ave rage ( see Appe n di x  I -
1 1 Rep e 2 t 2 hi li ty 11 ) . 

Ta ble 1 3 . 

�o .  of  l fl.c t a t i on 

�i ngl e re c ords 

Fa c t ors use d to c onve rt e st i mat e s  of 
produci ng a bi li ty t o  e sti ma t e s  o f  
t ra.nsrni t t i  n g  a bi l i ty .  

re c ords . He re t a.bi l i  t y .  Fac t or . 

0. 1 500 o. 07 5 
Ave rage of  two re c ords . o.  2 500 0 . 1 2 5  

" 11 three 1 1  o.  3 2 1 4 0 . 161  
1 1  1 1 four 11  o .  3 7  50 0 . 1 88 
" " five " 0 . 41 6 7  0 . 208 
" 11 si x 11 0 . 4 50 0  0 . 2 2 5 
1 1  " seve n 1 1  0 . 4 7 7 3  0 . 239 
1 1  " e i ght 1 1  0 . 5000 o .  2 50 
" " ni ne " o .  519 3  0. 260  
" 1 1 t e n  " o .  5 3  57  0. 2 6 8  

Estimate s of  t he bre e di ng velue s o f  all t he ani mal s 

t o  comp l e t e  A t  l e a.st one la cte t i on i n  the he rd have bee n 

c al cul ate d t o  the end o f  e a c h  l a c t2 t i on .  Thus for any speci fi e d  

date i t  was p o s si ble  t o  c a l culate t he e s t i mate d  bre e di ng value s 

o f  all herd da m s ,  the dams of re gi strat i ons and the dams of 

repla c e me nt he i fe rs . An e s t i m s t e  o f  t he emp has i s p lace d  on 

darn sele cti on was t he n  p o s s i bl e  from a c o mp ari son o f  the bree di ng 

ve lue s of  t he darns of he i fe r  resi stra t i ons and t he dams of herd 

rep l ac e me n t s  whe n the young st o ck we re ye a .rl i ngs . Thi s was the 

age at whi c h  surp lus  hei fers we re usual l y  s o l d  and i f  t he bree der 

was i nt e re st e d  in  t he i r darns ' producti ons i t  i s  re as onable to  

as sume that al l t he i nfo rm e ti on a vP i lP.ble about t he dams woul d be 

c onsi de re d.  
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The ave rage yi e l d  o f  a l l the c ows i n  mi lk i n  a 
p arti cul a r  ye er gi ve s a n  e st i mate  of t he e ve ra.ge bre e di ng value 

of he r d  dams i n  that parti cul a r  se a s on . l ndi vi dual di ffere n ce s 

from th e annual group e sti ms.t e a.rr2nge d i nt o  c onveni e nt clas se s 

an d are shown i n  Table 1 4 . Pe rcent age di st ri but i ons have al s o  

b e e n  i nc lude d t oge the r �i th  the percent a ge of re gi s t rat i ons use d 

as  repla cement s wi thi n · e ach group . 

. 
Estimat e d  bre e di ng 
v alue of dams ( lbs ) 

2 0  B n d  ove r 
1 5  - 1 9  
1 0  - 1 4  

5 - 9 
0 - 4 

0 - - 4 
- 5 - -9 

-10  - -1 4  

t-1 5  - -1 9  
t- 2 0  and ove r 

Di §.1:£!.��1!.Q.!:! __ Q.[_�ll_ he !_[�:£§__E.e gi s t e re d 
�n d_Q.[_Q�!_[e r�_e n1e ri !:!g t he herd ac c ordi ng 

i2._1b� -��1i!!!�!�9--�!:��,S!i ng_!':_�_lue ot t he i r  

da��-�he n_ ��e h��!��s we re one ye ar of age • 

Di s t ri buti on of hei fe rs . Pe rce n t age of 

Re gi strati on .  Herd 

9 ( 1 .  3 4 )  4 
19 ( 2 . 82 )  9 
4 4  ( 6 .  53 ) 2 6  
99  ( 1 4 . 6 9 ) 47 

1 4 4 ( 2l. 3 6  6 6  
4 1 3  ( 4 6 7 4)1. 52  

1 9 4  ( 28 .  7 8 )  7 5  
1 03 ( 1 5 . 2 8 ) 3 0  

41 ( 6 . 08 )  1 6  
1 5 ( 2 . 2 2 ) 7 

6 ( 0 . 9 8 )  2 
3 56  ( 53 . 2 6 ) 1 30  

e ntry . 
regi s t rat i on t o  
e nt e ri ng her d .  

( 1 .  4 2 ) 
,. 

4 4 .  4 4  l 
( 3 . 1 9 )  47 . 37 \ 
( 9 . 2 2 )  59 . 09 
( 1 6 . 6 7 )  4 7 . 47  
( 2 3 . 4 0 )  4 5. 83 

( 53 . 9 0 )  

( 2 6 .  59 ) 3 8. 6 6  ) 
( 10. 6 4 )  2 9 . 1 3  
( 5. 6 7 ) 39 . 02  � 
( 2 .  4 8 )  4 6 .  67  

) ( 0 . 71 ) 3 3 . 33 . 
( 4 6 . -1 0 )  

I 

48. 2 5  

3 6 . 21 

( Percentage di s tri but i on i n  bracke t s } 

I t  i s  c l e a.r tha t during the 1 8  ye ars for whi ch c omplete  

i nformati on c oul d be  e xt ract e d  l i t t le  p re fe re nce ha.s bee n  .shown 

f or t he pr oge ny of  dams above 8Ve rage i n  e st i mat e d  bree di ng value . 

I n  Table 1 4  it may be s e e n  that 4 6 . 7 4% of the hei fers re gi stered 

were out o f  dams whi ch r.ere e bove t he ave rage e st i mate d  value 

o f  t he herd a n d  53. 2 6% we re from dams be low the a ve ra ge  e st i mated  

bre e di ng value o f  the  herd  one  yea r  2fter  t hat in  whi ch the 

he i fe r  we s b orn . Out of  the t o t a l  2 82 hei fe r  replaceme n t s  

duri ng 2 1  ye a r s  studi e d ,  1 52 ( 53 . 9 0% )  we re from dams whi c h  were 

above the ave rage e sti me_t e d  bre e di ng va lue s o f  t he herd i n  the 

ye ar foll owi ng that i n  wh i c h t he he i fe r s  we re b orn. Thus the irp rovement due t o  dam s e l e c t i on i s  l i ke l y  t o  be  .small i f  not  

ne gli gi ble  even  t hough the  bree de r he.s p ra.ct i  se d s ome selecti on 

b as e d on t he performa.nc e  of  the dams be twe e n  t he regi s trat i o n  

and sub s e quent her d  e nt ry of p ot e nt i al rep l ac ement s .  

To de te rmi ne whe ther  a ny i mp r ovement was e ffe c t e d ,  a 
c omp ari s on o f  the annua l  mean e st i ma t e d bre e di ng value s o f  t he 

darn s of re ei stere d he i fe r  calve s was made � th t he dams of 

J:;fPD t fiCement he i fe rs ( Tabl e 1 5 , Columns 1 a.n d 2 ) .  In c olumn J 
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of the same t ab l e  a re i n c lude d t he me a n  e st i m e ted bre edi ng 

v a lue s of the b e st a v:::d l P bl e  d a m s  of re gi ste re d he i fe rs i n  t he 

herd i n  the s ame ye p, r , t he number of t he se dams e qual l i ng the 

numb e r  o f  he rd rep l ac e me nt s . 

The se me an s  i ndi c .<=> t e  the maxi mum ge neti c ga.i n s  from 

dam s e l e cti on a.s sumi ng s e l e c t i on wa s p e rfe ct and that all the 

r e gi stra t i on s  we r e  P V B i l e bl e  t o  e nte r th e he rd if re qui re d .  

Si n c e  the daughte rs o f  s ome of the be st dams p r obably di e d  or 

we re di sp ose d of b etwe e n  regi strati on and the age o f  normal 

fi r st c a l v i ng or fai l e d t o  ge t i n  c a l f ,  t he se e st i mate s o f  

maxi mum ga i n  a>re p robably ov e r-e st i mate d bpt the e rror i s  

l i ke l y  t o  be smal l . 

!§.Q.!�_l.2.· The annual m e P.n e st i mate d bre e di ng values 
Q.f.__Q�!:Q_§._Q_f_ __ r:�Ei§ ! ���s!_h� i f.��e.L-1�e dam s o f  
�ep l P_c �m�D_:t_e._ __ �D ��Lih� b�§.� �:!��J.,_s:_Q_l e da.m§_ 
Q.Lb:�_i f_� �- ��-�i§.1��1� Q �§.- i�_§_:t_i!!!§.i e d wl!_�!!._ t he 
s!�li ::·!'] t e !.' s ·-�� :r�:_ o_!}_�- yf}_e> r;_ of _ _  §.g�_.:_) 

De m s  o f  re ci st e re d  Dc rn s  o f  rep l a c e m e n t s  Be st a va i l able 

Ye R r .  he i fe r s .  dam s .  
N o .  Me an e st i ma t e d  N o  J1: e e n  e st i m e te d No . Me an e st i m. 

bre e di ng VP lue bre e di ng va.lue . ated bre e d· 
in_g_ value . 

1 9 3 0-31  20  - 0 . 1 2  1 2  +0 . 01  
1 9 31- 3 2  2 3  t 2 . 2 ? 1 3  + 3 . 6 9 1 3 +7 . 3 5 
1 9 3 2 - 3 3  2 4  -0 . 1 9 3 - 0 . 4 5  3 +1 5 . 84  
1 9 33- 3 4  2 7  .. � . 9 2 2 1  + 3 .  56 21 +6 . 0 4 
1 9 3 4-3 5 1 2 6  t2 . 9 8  2 1  + 3 . 2 6 21 + 5 . 00 
1 9 3 5-36 1 2 0  -+ 2 . 58 1 4  + 3 . 9 4 1 4  t 5 . 2 0  
1 9 3 6 - 3 7 1 3 0  +2 . 3 4  2 3  .J-0 . 7 4  2 3  + 5 .  32 
1 9 3 7- 3 8 1 6  +3 . 3 7 1 5  + 3 .  6 5 1 5  �4 . 84 
1 9 3 8- 3 9 3 9  + 3 . 1 3 1 4  + 3 . 9 0 1 4  +9. 1 2  
1 9 3 9 - 40 3 6  + � . 9 8 1 5  .f. 2 . 3 7 1 5 +9 . 61 
1 9 40- 41 3 8  t3 . 7 0  1 0  f 5 . 1 1  1 0  +1 3 . 7 9  
1 9 4 1- 4 2  4 5  +2 . 3 6 1 8  -+ 3 . 0 4 1 8 +9. 3 3  
1 9 42- 4 3  4 3  +2 . 2 6  1 0  -l 8 . 5 4 10 t l l . 9 3  
1 9 4 3- 4 4  3 1  -0 . 4 2  2 3  -0 . 4 5  2 3  + 3 . 21 
1 9 4 4- 4 5  3 4  +2 . 5 9  1 5 - 0 .  57 1 5  +9 . 6 8 
1 9 4 5- 4 6  4 7  -t l.  9 7  1 3  + 3 .  1 0  1 3  +1 3 . 30 
1 9 4 6 - 4 7  3 9  -t O .  9 1_ 1 5  ... 1 .  7 8  1 5  +9 . 1 5  
1 9 47- 4 8  40 -tl . 4 5 1 4  +7 . 4 2  1 4 +9.  9 5 
1 9 4 8- 4 9 4 4  -11 . 9 1 1 3  +1 0 . 3 4 1 3 +1 3 .  59 
1 9 4 9- 50 51 tl. 0 4  
1 9  50- 51 1 -11 . 4 4  
T ot a l  
1 9 31-3 2 6 0 2  + 1 2 9 4 . 7 8 2 7 0  +82 4 . 6 5  2 7 0  +2 1 9 1 . 2 0  
t o  19 4 8  
- 49 . 
Ave r e ge + 2 .  1_ 5 +3 . 2 8  f8. 1 1  

f The me a n s  f or t h e  de m s  o f  re gi st e re d  he i f e r s  have 

b e e n  e x t rn cte d b e c au se , i n  t he 8 b se n c e  o f  c o mp l e t e  wast a ge 

i n f o rma t i o n ,  de t e i l s  o f  the se d P m s  p ro v i de t he c l o se st de scripti on 

o f  the b re e di n& ma t e ri A l  ':"i t h  l'"hi ch t h e  bre e de r  wo rke d . He i fe r  

c a l v e s vt i c h we re n o t  re � i s t e re d  we re p r o be b 1 y  a bort e d ,  b orn 

de a d  o r  di e d  wi t hi n  P m o nt h  of bi rth ;; n d di d not c ome wi t hi n  the 

s c op e  o f  t h e  bre e de r ' s s e l e cti v e  p owe r s . Furthe r ,  by c onsi deri ng 
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o n l y  dam s o f  he i fe r s ,  all o wa n c e i s  m 8 de f o r  t he co n fu s i n g  

e ffe c t s  o f  s be rr � n t  s e x r ::> t i o s . 

For t h e s e  re � s o n s  t he d e t a  i n  T8 b l e  1 5  ha ve b e e n  

s h own i n  Fi gure . 5  wi t h  t h e  s nnuA l m e e n  i n  c ol umn 1 p l o t t e n  

a s  z e r o  a n d  t he di f f e re n c e s be t re e n  the m e a n s  i n  c o l umn s 2 an d 

1 A.n d be tv,re e n  c o lumn s 3 a n d 1 shovm . I t  i s  c l e ar from Fi gure 

t ha t  s om e  dam s e l e c t i o n  h ::> s be e n  p re c t i s e d  but a l s o t hat t he 

s e l e c t i o n  hA s be e n  f s r  f r o m  ,:> e r.fe c t  ?. S  fe r a s  but t e rfe t p r o du c t i on 

i s  c on c e rne d . I n  fi v e  s ep ? re t e  ye e r s the me e n  o f  th e e s ti ma te d  

bre e di nc v alue s o f  the d a m s  o f  rep l ac e m e n t  he i fe rs wa s be l ow 

t hat o f  a l l dam s o f  h e i fe r r e :i s t re t i on s . I n  o t he r words , i n  

t he s e  ye a r s  da m s e le c t i o n  h e d a n e ge t i v e  e ffe c t . 

The t ot e l  e f fe c t  o f  dam s e l e c t i o n i s  s h o wn i n  Ta b l e  1 5 . 

The dam s  o f  t h e  2 7 0  r ep l r c e m e nt s e v e ra ge d  1 . 1 2 5 l b s . e st i mat e d  

v a.lue b e t t e r  t h P n  t he d::> m s  o f  t he 6 0 2  he i fe r s  re gi s t e re d  duri ng 

t he 1 8  y e a r  p e ri o d . Thi s i s  e o ui ve l e n t  t o  e n  e ve rage gai n of 
0 . 0 6 2 5  l b s . i n  e s t i m2 t e d  b re n d i n � VP lue p e r  a nnum . 

I f  t he d a m  s e l e c t i on ha d be e n  p e rf e c t  t he m axi mum 

gen e t i c gs i n s p o s s i bl e  f r om daw s e l e c t i o n  woul d have be e n  

( 8 . 1 1 + 2 . 1 5 )  = 1 0 . 26 l b � . i n  1 8  ye a r s  o r  0 . 57 l b s . p e r  ye ar . 

The bre e d� r  has t hus m a de e b out o n e  n i n t h  o f  t h e  ge ne t i c 

i mp r o v e m e n t  t he o re t i c a l l y p o s s i b l e  by da m s e l e c t i o n . 

The me a sure o f  p o s s i b l e  ga i n  o f  0 . 57 l b s . p e r  ye ar 

c l o s e l y app r oxi ma t e s t he e s t i me t e d  ge i n  p o s s i b l e  t hrough dam 

s e l e c t i on d e m o n s t re t e d  b y  Ha m i l t o n  ( 1 9 4 3 ) . U s i ng da t a  c o l l e c t e d  

f r o w  re c orde o n .i ds by t he He r d  I mp r o v e m e nt As s o c i a t i on s  he 

c al cul at e d  th8 t t he P Ve re f.-:e A.n nu e l.  gai n i n  t yp i c al New Ze al and 

bre e ds c oul d b e  i n  t he v i c i ni t y of 0. 6lb s . of be t t e r f a t p e r  ye ar . 

The probl e m  n o w  i s  o n e  o f  e s t a bl i shi ng whe the r such 

f a u l t y  da m s e l e c t i o n  �'as due to c i r cum s t A n c e s  o v e r  whi ch t he 

bre e de r  ha d n o  c on t r o l , fa i lure t o  app r e c i at e  t he value o f  

l a c t e t i o n  re c o r ds a s  e st i me t e s  o f  t he bre e di ng w o r t h  o f  the darn s 

o f  rep l a c e m e n t  s t o ck o r  t o  p r e f e r e n c e  f o r  c h o o s i ng rep l a c e me n t s  

f r o m  go o d  s i re s rP t he r  t ha n  c o n c e rn i ng hi m s e l f  unduly wi t h  

t he i r  ds m s . 

�OU!?_!__�!?_���!_hOQ_Qf__£_};!1_1_i�_E!:_8.C !_i.e_�sh 

Ta b l e  1 6  a n d  Fi gure . 6 . s h o w  t h e  a ve r a ge s of all fi r s t , 

s e c o n d ,  e t c . l e c t e t i o n s  e n d  t h o s e  o f  t h e m  p e rt a i ni ng t o  dams 

r e t a i ne d  i n  t he he r d , e t  t h e  c omp l e t i o n o f  t h e  l a c t a t i o n  i n  

q ue s t i o n .  The fi gure s i n  bre cke t s  i n di c P. t e  t he numbe r of 

a n i mfl l s  c o n c e rn e d  e n d s n o w  the t t h e  bre e de r  di d n o t  cull at 

a. sp e c i fi c  s t e ge . The l 8 c t .-_. t i o n  P ve r "l ge s  i n di c a t e  t hat 

cul l i ng f o r  l ow p r o du c t 5 on �a s c a rri e d  out c o n t i nuo u s l y .  

Duri ng t he e A rl y  l � c t 2 U. o n s  t he �;e we re di ffe re n c e s o f  30-40 lb.s . 
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2 8 .  

o f  but t e rf at bet�e e n  al l ani mal s e n d  those  ret ai ne d  i n  the he rd. 

Thi s di ffe rence  be com e s  l a rge r i n  lat e r  lactat i ons  e n d  i s  

s trongl y  sugge s t i ve o f  young c ows bei ng gi ven more l atti tude 

than  ol de r dam s . 

:!'.��--!::.!�-��E�_Q.f._£.1.1 _!_§_!_L_f.!2�L e t �_l�c t a !_i o ns 

s!2sL1h� __ £!���:ee of da ms  ret e i ne d  for a.t 
1_e P §_!_ __ Q.!1�-�Q.!:�J:�e.!:._i!2_ t h��e r d .  

Tot al he rd ave rp.ge yi e l d  Ave rar:;e yi e l d of  the dams 
Lact a t i on for the lact P t i on .  ret e i ne d  i n  t he herd after 

( P ound but t e r-fa t )  c om� l e t i on of  lactat i on .  
( P ound but te r-fat ) 

1 s t  3 2 0  ( 29  4 )  3 50 ( 2 6 9 ) 
2n d  3 6 2  ( 2 7 8 )  402  ( 2 50 )  
3rd 41 2 ( 2 6 0 ) 4 50 ( 2 3 8 )  
4th 40 5 ( 2 2 7 ) 4 50 ( 20 4 )  
5th 406 ( 19  6 ) 4 6 8  ( 1 7 0 )  
6 t h  40 7  ( 1 5 4 )  478  ( 1 31 ) 
7th 400 ( 1 2 0 ) 4 80 ( l OO ) 
8t h 3 83 ( 9 4 )  4 50 ( 80 ) 
9 t h  3 40 ( 7 7 ) 4 7 6  ( 5 5 )  

1 0t h 3 2 4  ( 5 2 ) 4 3 2  ( 3 9 ) 
1 1 t h  3 3 1  ( 3 8 ) 59 8  ( 21 ) 
1 2th  3 2 9  ( 1 8 )  59 2 ( 1 0 )  
13th 1 86 ( 7 )  2 6 0  ( 5 )  
1 4t h  2 5 6  ( 5 �  3 2 0  ( 4 )  
1 5th 2 6 8  ( - -

( Fi gure s vvi thi n the brp cke t s  show the t o t al 
number o f  la.c t P t i ons in e a ch group . ) 

!h�--��Q.�!2!._Q.f._i!2fQ.r��!.iQ.!2_S:�cL1.?..9.1 �-�lJ Q.��--Q£.�§__Q.f_h�i fer s f tJr 

£�1.�2-�me�_t s .  

In Te.bl e 1 7 , the 282 repla c ement s have been  classi fi e d  

ac c o rdi ng t o  the numbe r  o f  comple t e  ma t e rns.l l ac t r.ti  on re cords 

avai lable at t he i r  bi rth 2 n d  herd e ntry . 

No . of  c o�p l e t e d 
l a c t P t i on re c ords 
of  dam s . ---------------- -- -. 

0 
1 
2 

3 
4 
5 
6 e n d over  

Di s t ri but i on o f  he i fers  accordi ng to  c ompleted  
le ct2 t i on re c ord o f  the i r  dams . 

5 4  
3 2  
3 6  

4 3  
3 3  
1 9  
6 5  

At bi rth At he rd entry . 
1 9 . 1 57: J 1 1 . 3 5/u 43 . 2 6 ;.:  
1 2  0 77/v 

-
4 

4 5  

1 5 . 2 5%} 
1 1 . 7 0: 56 . 7 4'/Z 6 .  7 4,, 
2 3 . 0 5;� 

40 
42 
4 4  

1 0 7  

- ) . 1. 42% 1 7 . 3� 
1 5 . 9 6% 

1 4 . 89% 82 6 2% 

1 4 . 1 8%] 

1 5 . 6 0% • 

37 . 9 4% 
Tot a l  2 82 1 00 . 00/6 20 8  100 . 00% 
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Table 1 8 .  -------

Ye a.r .  

19 30-31  
1 9 3 1- 3 2  
19 3 ?-3 3 
1 9 3 3-r3 4 

1 9 3 4 - 3 5  
1 9 3 5-36 
1 9 36-37 
1 9 3 7-3 8 
1 9 3 8-39  

1 9 3 9 - 4 0  
1 9  4 0- 41 
19 41- 4 2  
19 42-43  
1 9  43- 4 4. 

? 9 .  

�he annual t o t e l  number of c ows i n  mi lk , 
g�����co���i�-�il��=reg[�1�;t�Q�_of-heifers , 
re�l e c����t s_���er���1�g�_Qf_��i strat i ons 
!:.2._��� �..Q.�':" t:-_�!§.. 

Tot e.l no . Tot P  1 n o .  
o f  c ows o f  g�ade 
i n  mi lk c ows i n  
i n  the mi lk . 

l Tot e l  no . 
: , o f  he i f­

ers reg­
. i s t e re d . 

he rd dur-
i n 2�  the 
ye a r . 

7 4  
9 4  
9 5  
9 8  

9 8  
9 8  

1 0 4  
l OO 
1 1 3  

1 0 7  
11 4 
1 1 4 
1 0 7  
1 0 6  

� 
2 5  ( 3 3 . 7 2,. ) 
?_ 7 ( 2 8 . 1 ? .  :' '  
2 3  ( ? 4 . 2 1 , . � 
2 4 ( 2 4 • 4 9 /• ) 
2 2 ( 2 2 • 4 5 t• 1 J 20  ( 2 0 . 4 l :c . f 
1 8  ( 1 7 . 3 4 . ' 1 
1 3  ( 1 3 . 0C , ,� ·  
1 3  ( ll . 50i� �· · 

5 ( 4 .  6 7/c )  
4 ( 3 . 51 : . ) -
2 ( 1 .  7 5;  ) 
1 ( 0. 93 , . ) 
1 ( o .  9 4�,; ) 

2 0  
2 3  
2 4  
2 7  

2 6  
2 0  
3 0  
1 6  
39  
3 6  
3 8  
4 5  
4 3  
3 1  

Total no . 
of regi s­
t ere d  
he i fers 
enteri ng 
the he rd .  

1 2  
1 3  

3 
2 1  

21  
14  
2 3  
1 5  
1 4  

1 5  
1 0  
1 8  
1 0  23 

Percentage of 
regi strati ons 

t o  
replacement s . 

60 .  00� 5 6 .  52 52 13  1 2 . 50  • 

7 7 . 7 8  

80. 77 
7 0 .  0� 7 19 7 6 .  6 �  • 93 . 7 5} lro 72 3 5. 89 (.J' • 

41.  6 7'} 2 6 . 3 2 
40. 00  3 8. 3 4 ) 
2 3 . 2 6  
7 4 . 19) 

19  4 4- 4 5  
1 9  4 5- 4 6  
1 9 4 6 - 4 7  
1 9 47- 48 
19 48- 4 9  
1 9 49- 50 
19 50- 51 

9 9  
1 07 
1 07 
107  
11 4 
1 09 
1 0 6  

3 4  
4 7  
3 9  
4 0  
4 4  
51 

1 5  
1 3  
1 5  
1 4  
1 3  

4 4 . 1 2') 27 e 6 6 I 

Ta.bl e  1 9 . 

Esti ma t e d  
bree di ng 
worth of da!T's 
( P ound butter­
fat ) 

20  e nd  
1 5  
1 0  

5 
0 

over 
1 9  
1 4  

9 
4 

0 - - 4  
- 5 - -9 
-10 - �1 4 
-1 5 - -19 
-20 8nd over 
Total 

38. 46  3J . 6 5 I 
3 5 . 00  -: 2 7 . 3 � 29 . 5 5 ) 1 i 

1 

�str�!2�1i o!2_.Q_:f__!:.�i stra t i on and herd 
repla cement s of he if ers born between 1930-31 
��Q_!�12=iiL_£�corg��_!o th��sti mated 
br�e di n�ort!]_of the i r_g£_ms . 

Di stri buti on of  he i fers . 

Re gi s t r 8 t i on . 

9 ) 1 9  ( 
3 3  
78  ) 

1 2 5 ' 

88� 
47  
13  

6 

41 8 

2 6 4  

1 5 4 

Herd  e ntry .  

5 
11 
1 8  � 
49  ) 
6 6  ) 

3 4  

J 

1 8  
7 
4 

21 2 

1 49 

63  

Percentage of 
regi strati ons 
to e nter herd. 

55 .  56 57 . 89 
5 4. 55 l 6 2 .  82 I 52. 80 "' 

3 8. 6 4j 
38. 30 53 . 8 5 
6 6 . 6 7  

50. 71 

56. 4 4  

40 . 91  

I 
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3 0 . 

For 43 . 2 6% � f t he repl P c e m e n t s t he re we re l e ss t han 

t hre e re c o r d s  o f  t he dam s . eva.i l P ble  whe n t he i r  daught er s  we re 
b orn . The r e  i s ,  h o we v e r ,  a m srke d i mpr ov e me nt by t he ti me 

t he rep l a c e m e n t s e nt e r  t he he rd . For 82 . 6 2% o f  t he rep l ac e ment 

h e i f e r s  t he r e  we re a t  l e a st t hree ma.t e rnal re c ords a.vai lable 

at t he t i me the r e p l P c e me n t s e n t e r e d  t he he r d .  

The se f i n di ngs l n di c e t e  t ha t a mpl e  i nformat i on c once rni ng 

the p e rf o rma n c e  o f  dam s wa s e vE i l a b l e whe n  t he rep l ac e me nt he i fers 

e nt e re d t h e  he r d .  The f P i lure o f  t h e  bre e de r  t o  s e l e ct c onsi st -

e nt l y  t he daugh t e r s  o f  de m s  whi c h  e xc e e de d  t he he rd ave ra ge by 

t h e  gre 2 t e s t a m ount s  ( s e e  p . 2 7- ) i ndi c a t e s t hat fa i lure t o  se l e ct 

o n  dam p e :r- f o rm e n c e  \�ra s n o t  due t o  1 8  ck o f  i n f o rma t i on about t he i r  

p r o du c i ng e oi l . i ty . 

Qh��g��-i�-B��£_ei��-���_QQ�Qsi �lQ� · 
Me n t i on he s P1 re e d y be e n  m e de o f  the al t e ra t i on i n  

he rd si ze P n ri  c omp o s i t i o n  ( s e e  p . 2 .  ) . I t  v! oul d be e xpe c t e d  

t h e t s e l e c t i on e m ong t he pe di cre e hei f P r s  woul d n ot b e  s o  ri gorous 

whe n t he re we re gra de a ni mal s  i n  t he he rd as from t he 19 43- 4 4  

s e a s on whe n  t he h e r d  c o n s i s t e d  e n t i r e l y  o f  p e di gre e  ani mals . 

Ta.bl e 1 8  s h o ws t hat duri nc; 1 9 3 0-31  t o  1 9 43- 4 4 ,  t he p e rc e nt age 

o f  r e [';i s t e re d  h e i f e r s  v.rhi c h  ult i ma t el y entere d t he herd average d  

50 . 72% and du ri ng 1 9  4 4- 4  5 t o  1 9  50- 51 t he c omp ara ble fi gure s we re 

2 7 . 3 4%. Fi gur e . 7 - s h o ws tha.t vri t h  t he chPnge i n  the her d  from 

mi xe d  t o  p e di gre e st o ck ,  th e re i s  a l s o a. gradual i ncre ase i n  

t he he rd si ze .  Fi gure . 3 .  whe n c o mp P re d vl'i t h  Fi gure .7- shows 

t hat t he numbe r of rep l c. c e ment s be c ome s re l at i ve ly smaller as 

t h e  t ot a l  num b e r  of r e �i s t ra t i o n s  i n c re a se s . 
Tabl e s  1 9  a.n d 2 0  p ro vi d e  A. c ornp 8.ri s o n  be tween t he 

da.m s e  l e  c t i  o n  prac t i s e 1 duri ng t he se  t wo c ontrasting pe ri o ds .  

Al l he i f ers have been e;rouLJ e d  a.c c o rdi ng t o  t he e st i ma.te d bre e di ng 

v a lue o f  t he i r  dam s at t ro s ep e re t e  p e ri o ds . The numbe r  of 

regi stra .t i o n s  an d h e r d  rep la c e m e n t s i n  e a .ch group i s  shown along 

wi t h  t he p e rc e n t age o f  re gi s tra t i o ns whi ch entere d t he herd. 

Duri ng t he t wo peri o ds t he a m ount o f  da.rn s e l e c ti o n  practi sed 
di f fe re d  t o  s ome ext ent . :c . • Duri ng e a ch i nterval s ome pre fe rence 

was s h o wn f o r  t he daut;ht e r s o f  hi gh pr o duci ng da ms  but i t  was 

n o t  marke d .  The re wa s a mp l e  s c op e  f o r  a l l  rep l ac e ment s t o  be 

s ave d from ab o v e  a ve rP ['e darn s but t hi s was n o t  t ak e n  advant age o f .  

In Tabl e 19  t h e  re l e t i ve ly hi gh p e rce nt e ;e o f  re gi s t rat i ons use d 

f o r  rep l a c e m e n t s duri ng t he s e a s o n s  1 9 3 0-31 t o  1 9 43- 4 4  i s  
re fl e ct e d . Duri ng t hi s p e ri o d  one o f  t he bre e der ' s ai ms was 
p r obabl y t o  change t he c o mp o s i t i on of t he herd from mi xed t o  
p e di gre e  a n d Fl.l s o  t o  i n c r e ase t he t o t al numbe r of  st ock i n  
t he herd.  



31 . 

Tabl e 20 . ------

�s t i mat e d  Di s t ri but i on o f  he i fers . Percentage of 
[bre e di ng re gi strat i ons 
worth of dams t o  e nt er herd .  ( P oun d  but t e r He gi strP t i  o n .  Herd entry .  
-fat ) . 

20  e n d  ove r 9 ) 5 5 5. 56 
1 5  - 19 1 0  4 4 0 . 00 
1 0  - 1 4  23 1 4 8 11  ,. 4 7  4 7 .  83 � 31 . 7 6  

5 - 9 4 7  1 5  31 . 91 ) 
0 - 4 59 1 2 .,� 20. 3 4  

0 - - 4  50 1 2 \ 2 4. 0� 
- 5 - -9 3 5 ( 5 ) 1 4 . 2 9  
-1 0 - -1 4  17 } 1 0 8  5 � 2 3  2 9 . 41 21. 30  
-1 5 - -19 5 1 J 1 6 . 6 7  - 2 0  a n d  ov e r  1 -

Tot al 2 5 6 70  2 7 . 3 4  

I n  Tabl e 2 0  a rathe r  di ffe rent pi cture obt ai ns . The 
l ow pe rce nt age o f  re gi str2 t i on s use d for rep l ac eme nt s i s  noti c able . 
Fur t he r ,  rep l a c ement s o mong the r e gi s t e re d  da ught e rs of well  

above averAge da m s ( e st i me t e d  bre e di ng worth o f  five  or more 

p oun ds o f  but t e rfo t a bove t he herd A V e ra ge ) we re ge nerally 

pre fe rre d in t he p e ri o d  1 9 4 4- 4 5  to 1 9 50- 51 . 

From t he se fi n di ngs i t  i s  c l e ar tha t  unl e s s  t he herd 
hi s t ory i s  di vi de d  i n t o cert o i n  p e ri o d s  a c onfusi ng p i cture 
re sul t s .  Though dam se l e c t i on CI S  such ha s c ontri bute d l i t t l e  
t o  t he ove rP ll i mp r ovement o f  t he he rd i t  app e ars t o  have be c ome 
more i mp ort ant duri ng t he l A t e r  ye P r s  studi e d  ( se e Tabl e s  19  and 
20 a n d  Fi gure .S . ) . Whether t hi s  i s  the re sult of t he l ower 
repla cement ne e ds dur i ng t he pe ri od 1 9 4 4- 4 5  t o  1 9 50- 51 i s  t o  a 

gre a te r  ap J re ci at i on of  the gP i n s  p o s s i bl e  through dam se le c t i on 

i s  not cl e A r .  

j 



3 � . 

Had d a rn  s e l e c t i o n  i n  t he h e r d  s t udi e d  be e n  p e rf e c t  

t he a.v e r0 ge a nnua l gP i n s  f r o m  t hi s  s ou r c e  woul d have be e n  of 

t he o r d e r  of 0 . 6 l b . p e r  ye a r . The b re � de r  h a s , howeve r ,  

m a.de o n l y  0 . 0 6� l b . p e r  ye a r  f r o m  da m s e l e c t i o n  o r  about a 

m o n t h  o f  t he ge n e t i c p r o sre s s  t he o re t i c a l 1 y  p o s s i bl e  by t hi s  

m e t ho d . Si n c e  t he re wa s R n  P V� rP ge P n nual ge n e t i c  gai n o f  

3 . 9 4  l b s . p e r  ye a r  c l e e rl y  s om e  o t h e r  s ource o f  ge ne t i c  

i mp r ove m e nt wa s o f  mP j o r j_ mp ort P n c e . The l a rge ge i n s  may 

h a v e  re s ul t e d  f r o m  the n o n-a dCi t i v e e f fe c t s  of ge ne s - t he 

bui l di ng up e.n d ma i nt e n ;:. n c e  o f  de s i r!" bl e  c on bi ne.t i o n s  o f  ge ne s -

o r  f r o m  t he e c cumrnu l at i o n  o f  de s i rP � l e ge n e s a c t i ng i n  an 

a ddi t i v e f a s hi on . The fi r s t  al t e rn a t i ve m a y  be o f  s ome 

i mp o rt a n c e  s i n c e t he he r d  was a l m o s t  e n t i r e l y  c l o s e d  a n d  

p e d i gre e s epp e e re d  t o  f o 1 1 o �  r e � �l �r p o t t e rn s  i n  many i n s t ance s .  

Howe ve r ,  the p ri n t e d  s t u di e s  s o  f a r c on du ct e d  o n  t he e ffe c t s  

o f  mi l d  l i n e -b re e di ng ( Lus h  1 9 5l,a} s ugge s t  t ha.t ep i s t e t i c  e ff e c t s  are 

n o t  l i ke l y  t o  h a v e  e ffe c t s l P rge e n ough t o  be re sp o n s i bl e f o r  

t he gs i n s  re c o r de d .  If i t  i s  2 s sume d t h1=1 t  t h e s e  gai n s  are 

due t o  a.d di t i ve l y  a c t i ng ge n e s  t he n  c l e P rl y  t he ga i n s made 

must be due t o  t he si re s  u s e d . For t hi s re a s o n  a s t u dy o f  

t he m e t ho ds o f  t he se l e c t i o n  e mp l oye d by t he bre e d8 r  has b e e n  

made . 

Th�-��l e ��iQ�_Qf_£i���-Qf_��l�����rr1_£t o ck . 

Though i t  i s  e t  pre s e nt i mp o s s i bl e  t o  di s t i ngui s h  

b e t we e n t he num e r o u s  ge n e s c on c e rne d wi t h  t he l arge numbe r 

o f  cha re c t e r s  �ni c h , i n  c ombi na t i o n , re s u l t  i n  hi gh y i e l di ng 

c a t t l e , i t  i s  e s s e n t i P l  t hP t  s ome e s t i me te be m a de o f  t h e  

ge n o t yp e s o f  t h e  P ni m a l s  f r om whi c h  p � re nt s  a r e  t o  be s e l e c t e d 

i f  ge n e t i c p r o gre s s  v:-i t hi n 8 he r d  i s  t o  be m a d e . Though 

p e di gre e a n d  p e r f o rmP n c e  m Fl.y gi v e  e s t i m at e s o f  bre e di ng va lue , 

t he m o s t  a c cura t e  e v e lue t i o n  o f  i n di vi duA l s  i s  o bt a i ne d  from a 

s t u dy of way i n  whi c h  e n i m P l s  bre e d - by di s c ov e ri ng t he i r  

r e l a t i v e  m e ri t s  i n  t r a n s m i t t i ng fe v oure b l e  ge n e s t o  t he i r  

p r o ge n y .  Si n c e  n o  m e a sure o f  p e r f o rme n c e  i n  re spe c t  o f  

but t e rf a t  p r o  duc t i  o n  i s  p o s si bl e  i n  m a.l e s , p e di gre e s e l e c t i on 

an d � oge ny t e s t i ng i s  of ma j o r i mp ort 8 n ce i n  t he c orre c t  

c ho i c e  an d e x t e n de d  u s e  o f  s i re s .  

Obvi o u s l y  a bre e de r  wh o i s  b a s i ng hi s pro gramme o f  

he r d  i mp r o v e m e n t  o n  t h e  'ri de sp r e a d  u s e  o f  s i re s  whi ch , b y  t he 

p e r f o rm e n c e  o f  t he i r  s ? mp l e  o ff sp ri n g ,  have p ro ve d t he m s e l v e s 

t o  be we l l  e.b ove t he ge n e t i c l e v e l  o f  t he bre e d , wi l l  e n de av our 

t o  s e l e c t  hi s y oung s i re s f o r  t e s t -m8 t i ngs as c are ful l y  as 
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p o s s i b l e . C o n s i deri ng only p r o du c t i o n asp e c t s , t he be s t  

c ri t e ri a  a pp e ar t o  be t ho s e  p re s e n t e d b y  �ar d  ( 19 51 )  who has 

a n al ys e d t he p e rf o rman c e  o f  r numb e r  o f  c a l e go r i e s  o f  s i re s  

i n  Ne w Ze al r n d  he rds . He f ou n d  t hat : -

1 8  s o n s  o f  Me rit s i re s  out o f  El i t e  Li fe t i me M e ri t 

c ows s i re d deu� ht e r s  A V e r � gi ng 1 8  l b s . o f  but t erfat 

e. b o v e  e xp e c t e d l e ve l . 
6 3  s o n s  o f  �.:e ri t s i re s  out o f  Li f e t i me Meri t c ows 

s i re d  d a ught e r s  t=1 V e P1 0i ng 11 l b s  o f  but t e rfa.t 

a b o v e  e xp e c t e d l e v e l . 

3 4 s o n s  o f  El i t e Li fe t i me rv:e ri t c ows s i re d  daughters 

ave ra gi ng 1 2  l b s . o f  but t e rf a t R bove e xp e c t e d  l e ve l . 

1 58 s o n s  o f  Li fe t i me Me ri t c ow s  s i re d  daughte r s  

ave re ci ng 7 l b s . o f  but t e rfa t a bo ve expe cte d l e ve l .  

207  s o n s  o f  c ows wi t h  s i ngl e re c o r d s  ove r 600  l bs .  

o f  but t e rf a t  s i re d  da ught e r s  a ve ragi ng 4 l b s . o f  

but t e rf a t  a b ov e  e xp e c t e d  l e ve l . 

4 7 8  s o n s  o f  c o ws wi t h  s i ngle re c o r ds of  b e t we e n  400 

t o  600 l b s . of bu tt e rf a t s i r e d  daught e rs a v e ragi ng 

2 l b s . of but t e rfa t P b o ve e xp e c t e d  leve l .  

1 3 6  s o n s  o f  c ows �i t h  s i ngl e  re c o r d s  be l o w  400  l bs . 

o f  but t e rf a t  s i r e d  dauch t e r s  e ve rP gi ng 4 l b s . o f  

but t e rf p t be l ow e xp e c t e d  l e ve l .  

2 0 5 s o n s  o f  Me ri t s i re s  s i re d  da ught e r s  averagi ng 

7 l b s . of but t e rfat ab ove e xp e c t e d  l e ve l .  

6 0  s o n s  o f  si re s wi t h  surv e y  re sul t 2 0  lb s .  of 

but t e rfa t b e l ow 2 v e rage s l re d  deush t e rs ave ra gi ng 

8 l b s . of bu t t e rf a t be l o w e xp e c t e d  l e ve l .  

I t  mus t  be r e m e m b e re d t h P t  t he e xp e c t e d leve l  o f  

p r o duc t i o n  i s  n o t  c o n s t ant f o r  8 11 s i re c at e go ri e s . Owners 

of  p o o r-p r o duc i ng he r d s  wi l l  u s ua l l y  buy a bul l of  i nferi or 

qua l i t y  t o  t h a t  s ought o r  purchas e d  b y  t he owner s  o f  hi gh­

pr o du c i n g  herds A.n d �VA r d ' s ( 19 50 ) u s e  o f  e n  e xp e c t ancy t abl e 

i s  a p ra c t i c al met ho d of de m o n s t r2 t i ng how mu c h  be tter  or how 

much w o r s e  are t he re sul t s  of any p a rt i cul ar surve y whe n  studi e d  i n  

c omp a ri s o n  with t he re sul t s  of P l l bul l s  u s e d i n  he rds of the 

s ame p r o du c t i  o n  s t an dA r d . \Ve. rd ' s dat a P re s upp ort e d  by t he 

r e sul t s  obt ai ne d i n  t he da i ry c at t l e  bre di ng p r o j e c t at 

Be l t s v i l l e , U. S . A. , whi c h  p r o du c e  an e x c e l l e n t  e xa mp l e  of t he 

way i n  whi c h  t he e l e m e n t  o f  ch� n c e  may be re duce d i n  si re 

s e l e ct i o n .  Ab out t v:e n t y- o ne p e r c e n t  o f  t he bull s  selecte d 

by usua l c ri t e ri a. f or s e rv i c e  i n  d< d ry he r d s  s i re daughters 

whi e h  e x c e e d t he p r o  duc t i  on of  t he i r da m s  ( Ward 19  49 ) .  
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The Be l t svi l l e  re sul t s  show ths t " se le c t i on for her d  duty 

o f  young bul l s  t hat e.re sons of bull s  de fi ni t e ly proven to be 
me ri t ori ous , and  he ve de ms and other fe mal e a n c e s t or s  all by 

meri t ori ous si re s  woul d e n sure , wi t h  s ome ce rt c'l.i nty , that the 

untri e d  bul l s  have germp l a sm l i ke ly t o  gi ve ri se to  hi gh 

produc t i o n "  ( Ke l l e y ,  1 9 4 6 ) . Young si re s were l e ase d for 

s e rvi ce  in commerci al herds n e ar Be t t svi lle  and ,  de sp i te the 

fact t hat t he se we re hi gh produci ng herds , i n  19 4 6  the 

daught e r s  o f  6 5  o f  t he 8 5  Hols t e i n  s i re s e n d  59 of t he 71 

Je rsey s i r e s  e x ce e de d  i n  mi lk yi e l d  and but t e rf a t  c ontent 

the productr on of the i r  dams ( Ne w  Ze F.l.l an d Da i ry Board Rep ort , 1 9 46 ) .  

The cha n c e  of  obt e i ni ng a young s i re �no s e  daught e rs wi ll exc e e d  

t he pr o ducti on o f  t he i r  de ms have b e e n  i ncre ase d t o  7 6% and 

83% re spe ctively  for t he two bre e ds use d i n  the p ro ject . 

In vi e w  of  the i na c cura t e  dam s e l e c t i on practi s e d  

( se e  Se c t i on . 1 . ) de sp i t e  whi ch the re appe are d t o  be a ste ady 

up ward trend i n  producti on levels  duri ng t he p e ri o d  unde r study , 

i t  i s  of  i nt e re s t  t o  exemine  t he qual i ty o f  th e si res used 

wi t hi n  t he p e --t i gre e  herd un d·er study , wi ll  gi ve  e n  i n di cat i on 

o f  t he extent t o  whi ch the bree de r appre ci at e d  t he me tho d s  of 

s t o ck i mp roveme nt base d on modern ge ne t i c c oncep t s .  

I�Q�1a n��_o f  P�Qg�gz_1�s ti �  i n_ihe _h�rd . 

The P pg e rent l a ck o f  c on ne c t i on betwe e n  a n  ani mal ' s  

bre e di ng v0 lue a n d  i t s  phe n otype ha s l e d many wri t ers o n  animal 

bre e di nc t o  a dvoc 8 te more c omp l i ca.t e d methods for  judgi ng 

ge notyp e . The most  p opul a r  of  the se at the moment i s  t he 

p roge ny te st . Thi s i s  p a rt i cul arly t rue i n  da i ry c at t l e  i n  

whi ch only the cow c an b e  judge d on her phe notyp e  and the bull 

must be a s se s s e d  on hi s p e di gre e or hi s p roge ny t e st . Pre nt i c e  

( 1 9 3 5 ) ' has e,bl y  p re sente d  the a.reument f o r  p ro geny t e st i ng.  

It  i s  re i nforce d by a rgument s ,  l e rge ly of  e qual i t at i ve ki nd,  

as  t o  the  i ne ffi ci ency o f  p hen otyp i c sele c t i on,  based on the 

app a.rent l e ek o f  i mproveme nt i n  pe rforma n c e  i n  the past when 

such se l e cti on was the mai n c on s t ructi ve bree di ng meth o d  use d.  

I t  c an be shown that se l e c t i on wi t hi n  a cl ose d herd of  about 

1 0 0  c ows shoul d , i f  pra c t i se d i n  t he op ti mum ma.nne r , l e ads t o  

an i n cre A s e  i n  3 0 5 days mi lk yi e l d  of  1 . 0% p e r  annum , but that 

t he ma.xi mum probable i mprove me nt i n  most p e di gree he rds i n  

Gre a t  Bri t ai n  i s  a round 0. 6% p e r  ye ar ( Re nde l  a nd Robert s o n ,  19 50 ) . 
The ma i n  argument for proge ny t e s t i ng ha s bee n  that , 

whe re a.s a,n a ni mal 1 s ovrn pe rforme n c e  me asures i t s phenotyp e , 

t he p e rformance  o f  i t s  offspri ng me a sure s i t s  ge notyp e . Lus h  ( 1 9 3 5 )  
i n  di s cus s i ng t hi s ,  p o i n t s  out t ha t  the re i s  P mi ni mum numbe r of 

daught e rs re qui re d from A dam be fore he r genotyp e  i s  as we ll 
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m e a sure d by t he i r  ave ra ge pe rforman c e  a s  by he r own . He 

shows tha t t he ore t i c P. l l y  i n  ordi nc ry ci rcumstance s ,  a t  least 

five daught e rs are re qu i re d .  Tayl e r  and Hyatt ( 19 4 8 )  have 

by analysi s of Ayrshi re re c ords shown t h2 t  a si ngle re c ord 

or  t he dam i s  e. more a c cur2 t e  gui de t o  the yi e l d  of subse q uent  

daught e rs than the averA ge of he r thre e da ught e rs . 

Di cke rson a n d  Haze l ( 1 9 4 4 )  ha ve t hrown a ne w li ght 

on t he sub j e ct by p o i nti ng out i n  cm i mp ortant  p ap e r  t hat the 

cri t e ri on by whi ch any bre e di ng proc;ra.mme must be judge d i s  

t he geneti c i mp rovement p e r  ye ar ra the r t han p e r  ge ne rat i on .  

The  e xtra i nformA t i on e b out 2 si re ' s ge notyp e  whi ch a p rogeny 

t e st p rovi de s must  be we i ghe d F gai nst  the i nc re as e  in generati on 

le ngth re sul t i ng from hi s use . They con clude d that i n  bre e di ng 

for but t e rfa t p ro ducti on i n  da.i ry c a t t l e  i n  a cl ose d he rd of 

1 2 0  cows , the ge n e t i c i mp rove ment wi l l  a ctua lly  be faster wi t h  

ac cura t e  p e di gre e s e l e c t i on a.n d wi thout proge ny t e sti ng.  

I n  sma l l  herds tv.ro furthe r p oi nt s  are of  i mp ortance -: 

fi rst , whe n young si re s have be e n  use d suffi ci ently t o  p rovi de 

an ade quate t e s t  of t he i r  value , t he re are few cows left on 

whi ch to use  t he t e st e d  bul l s ; an d s e c on dly,  t he numbe r  of 

bul l s  from whi ch a s e l e cti on can be made i s  re stri c t e d  an d hence 

t he Ve lue of the se le c t i on i s  s t ri c tly l i mi te d .  

Le rne r  a.n d De mp st e r  ( 1 9 47 )  ha ve  e xt e nde d the method o f  

Di cke rs on a n d  Haze l t o  t he i mp rove ment o f  e gg producti on . The� 

found tha t the VP lue of  p roge ny-t e st i ng mal e s  de pende d on the 

ave rage age of bre e di ng fe mal e s . If the bre e di ng st ock were 

m o s tly pull e t s ,  i t  di d not i ncrease  t he A nnua l i mp rovement above 

tha t p o s si ble  from t he s e l e c t i on  of m a l e s on the p e rformance of 

t he i r  ful l  si st e rs . On t he ot he r  ha n d ,  i f  t he bre e di ng fe male s 

we re 2-ye ar-ol d he n s , progeny t e s t i ng was t he n  valua ble . In 

the former c as e , t he i n cre as e d  a c cura cy o f  s e l e c t i on di d not  

offse t t he i n cr e as e d  ge n e rati on l e ngt h . 

In t he he rd under s tudy , the re we re 6 7 4  re gi s t ere d 

hei fe rs out of  the 3 48 he rd dams wi th the l ast  calvi ng be fore 

3 1 s t  De c e mbe r ,  1 9 49 . The re we re 3 6  bul l s  use d t o  si re t he 

o ffsp ri ng,  one of  whi ch si re d  only re gi s t e re d  bul l  calve s .  The 

re mEi ni ng 3 5 bul l s  regi s t e re d  e.n ave ra ge of a.bout 1 9  daughters 

( 19 .- 2 5 ) . Whe n t hi s fi gure i s  compare d wi t h  t hat obtai n e d  by 

Fahi muddi n ( 1 9 52 ) , for th� whol e i n dustry , i n  whi c h  bull s s i re d  

o n  the a ve ra ge four re si s t e re d  d 2 ught e rs ( 3 . 9 8 ) , i t  i s  c l e ar that 

t he use o f  bulls i n  the herd un de r study di ffe r s  wi de l y  from t he 

gene ral p i cture obt e i ni ng j_ n the i n dust ry .  Fi gure .9 . shows 

di a cra.mat i cally t he numbe r  of re gi s t e re d  daught e r s  and t he herd 

rep l e.cement s si re d  by e a ch bull . Al l t he s i re s whi c h  have sire d  
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re gi st e re d  he i fe r s  duri nr three o f  more ye ar s  he>ve been  s hown 

on the l ower p o rt i on of t he fi gure . The re we re 6 2 2  re gi st ered 

he i fe rs b orn be fore t he 3 1 s t  De ce mbe r , 1 9 48 si re d by the se 3 5  

bulls , 2 82 o f  . hi ch entere d  t he he rd e s  repl aceme nt s an d the se 

have be en  s hown e s  sha de d p ort i ons of  t he fi gure . It  i s  clear 

t hat o f  t he 3 5  si re s  use d duri ng t hi s  1 9  ye a r  p eri o d  ( be twe e n  

1 9 3 0  a n d  1 9 4 8 ) , only 1 0  si re s  h a v e  been  use d extensi ve ly - t wo 

s i re s  have more t hA n  9 0  re , i s t e re d  daught ers ( 3 4 . 41% of the 

t o t P l  re i strP t i on i n  t hi s p e ri o d ) , fi ve si re d  more t han 40 

regi s t e re d  daught ers ( 41 . 6 1% ) , two more t han 20 regi st e re d  

daught e rs ( 1 0 . 1 3% ) e n d  one more t h - n 1 0  regi s t e re d  daughte rs 

( 2 . 89% ) . The rem a i ni ng re �i s t e re d  he i fe rs are by 2 5  other 

s i re s  use d i n  t he her d .  

I t  i s p o s si bl e  thP t t he bre der mate d s ome o f  hi s 

ye arli ng he i fe rs i nt e n de d  for s� l e  t o  ye 8 rl i ng bull s me re ly t o  

s e l l  t he fema l e s  as i n- c a l f  he i fe rs . I f  thi s we re so , one 

woul d expe ct th2t  any he i fers re sul ti ng from such mat i ng would 

not  be use d a s  he rd repl a c emen t s . 

Table 2 1  sh ows thP t 57 . 5% of t he rt. gi stere d  he i fe rs 

be  l_ ougi ng t o  ha l f-si st e r group s smal l e r  i n  number t han six 

we re r e t a.i ne d for repl s cement s , and 4 4 . 5% o f  t he he i fers  

bel ongi ng t o  ha l f-si bs group of  s i x  or more he i fe r s  e nt e re d  

t he he rd .  

Di §..!.!:i!2.!d�i o!:!_Qf re ej_s t e re d  a n d  repl aceme nt s 
�2.£.Qrdi!:!LiQ_th�_si ��_Qf._E_e t e rnal  half-s i b  

grogQ§__e t_£�ci sir�t t on . 

Si ze o f  p at e rnal Di s t ri but i on of he i fe r s .  Percentage 
hal f- s i b group s regi strati or 
Regi strJO  t i  ons . �e gi s t e re d  ( N o .  ) Ent eri ng he rd ( No .  t o  enter het 

0 ( 2 ) X ' - -
1 ( 9 )  9 8 88. 89' 

2 ( 4 )  8 6 7 5 . 00  
3 ( 2 )  6 j 5 83 . 3 3 57 . 5C 
4 ( 3 )  1 � > ( 1 1 .  4l)'o ) 4 3 3 . 3 3  
5 ( 1 )  - o o .  00! 
6 ( 1 )  6 4 6 6 . 6 7  
7 (- ) - - - ) 
8 ( 2 )  I 1 6  4 2 5. 00 
9 ( 1 ) I 9 I 5 5 5 . 56 

44.  50 10 - 1 9  ( 1 ) I 1 8  ( 2 . 89f> ) 6 3 3 . 3 3  
2 0  - 3 9  ( 2 )  6 3  ( 1 0 . 1 3)Q )  3 3 53 . 2 4 
4 0  - 89 ( 5 )  2 56  ( 41 . 1 6;t )  1 1 5 4 4 . 9 2 
9 0  a.n d ove r ( 2 )  2 1 4  ( 3 4 . 41�.; ) 9 2  4 2 . 9 9 

Tota.l ( 3 5 )  6 2 2  2 82 

X Numbe r o f  si re s i n  bfacke t s . 

A:9p A rent  l y  t he d8_ughters of e xt e n s i ve l y  use d bul l s  we re , 

re l a t i ve l y  sp e P ki ng , n o  more l i ke l y  t o  e n t e r  the he rd t han those 

of the bul l s  use d  l e s s  wi de l y  in t he herd. On t he c ontrary i t  
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app e are d t hat t he de ue;ht e r s  o f  bul l s  u s e d li ghtly we re gi v e n  

e v e ry opp o rtuni t y  t o  e n t e r  t he he r d .  Thi s may b e  i ndi c at i ve 

of an a t t e mp t  o n  the p e rt o f  the b re e d e r  t o  o b t ai n s ome f orm 

o f  the e P r l y  p rogeny t e s t  i n f o rma t i o n  c on c e rni n g  all the bulls 
u se d . T o  determi ne whe t he r  t hi s wa. s s o  he r d  replacements  have 

b e e n  di s t ri but e d  i n  Ta bl e 2 2  a c c o rdi n g  t o t h e  num b e r  of half­

s i s t e r  l e c t e ti on s  a va i le ble  a t  t he da t e  of t he i r  c on c ep t i o n .  

I t  may b e  s e e n  i n  t hi s t e bl e  t hat o f  t he 2 82 he i fe rs t o  e nt e r  t he 

he r d ,  l a c t a t i on de t e i l s  of  a s i ngl e - s i s t e r  w e re n o t  ava i l able 

for 1 83 ( 6 5% )  of them at the ti me of t he i r  c on c ep t i o n . Thi r t y-

t hre e ( 11 . 3 5% )  rep l e c e m e n t s he d b e t we e n  o n e  a n d  f our hal f-si b 

l a c t a t i o n s  BYA i labl e  at t h e  ti m e  o f t he i r c o n c ep t i on an d t he 

r e m a i ni ng s i x t y- s i x ( 2 3 . 7 5% )  ha d fi v e  o r  m o re half-s i b  l ac t at i o n s  

avai l a b l e  a t  t h e  t i me of  t he i r  c on c ep t i o n . 

N o . o f  h F1 l f - s i b  
l a c t at i o n s  a vai l a bl e  N o . o f  rcple cements . 

· �" t c on c e p t i  on . 
Perce nt ? ge o f  
t ot a l .  
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vri t hi n  b r--- cl<e t s  re f e r 

f e e t ure s o f  Tf' b l e  2 2  

1 .  06  ( 1 .  0 6 ) 
3 .  5 5  ( 4 . 6 1 )  

8. 87 ( 1 3 . 4 8 )  
2 . 1 2 ( 1 5 . 6 0 ) 

0 . 3 5  ( 1 5 . 9 5 ) 
4 . 6 1  ( 2 0 . 5 6 ) 
3 . 1 9  ( 2 3 . 7 5 ) 
4 . 61 ( 2 8. 3 6 )  
2 . 8 4  ( 3 1 . 2 0 ) 
1 . 7 7  ( 3 2 . 9 7 ) 
2 . 1 3 ( 3 5 . 10 ) 

6 4 . 89 ( 9 9 . 9 9 ) 
- -- - -·- - ·-·- _.__ ---- - --------- ------

t o  currul. e t i  ve pe r c e nt age total . 

a re fi rstly the si ze o f  s ome 

of  the p a t e: rna l hr lf-si b grou_9 s , the l a rge s t  c o mp ri s i ng e.l m o s t 

f i f t y  rr p l P c e m e n t  he i f e r s P n e  s e c o n dly t he l ow p r op or t i o n  o f  

rep l e c e m e n t  h e i fe r s c o n c e i v e d  whe n l � c � at i o n re c ords o f  a 
re l a.t i v e l y  l A rge numbe r o f  h;; l f -si sters were ave i la  ble . Of t he 

2 82 reple cement s he i fe r s 2 0 .  56% we re c o n c e i ve d  whe re t he re were 

l ac t P t i on re c ords for A t  l e as t  s i x  p e terna l hal f- s i s t e rs avai l able 

a n d  1 5 . 6 %  Vl'e re c o n c e i v e d  when at l e R  st o ne l a c t a t i o n  re c or d  wa:s 

ava i l abl e f o r  t e n  p a t e rn a l  he lf- si sters . 
Cl e arly the b re e de r  p 2 i d minor  attenti on t o  ade quate 

p ro ge ny t e s t i ng i nformat i on o f  si re s a s  i t  i s  ge n e r ally de fi ne d 
i n  t he choi c e  o f  he r d r ep l A c e me n t s . I t  app e a r s  t hat he u se d 
s i re s  sp ari ngly a s  y oljng bul l s a n d  then procee de d  t o  e xploi t 
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s ome o f  t he m  be fore t he i r fi rst  da ucht e rs c�lv e d .  Accordi ng 

t o  t he ge n e ra � ly a c c ep t e d pri ncip l e s  of  a de qua te  progeny t e sti ng a 

mi ni mum of  Rt le ast fi ve daught e r s  i s  ne ce s sa ry .  Howe ve r ,  the 

i nforma t i on act e d  up on by t he bfe e de r  p roba.bl y  i nclude d fairly 

a c cure t e  p e di gre e a s se s r:: me nt s of t he sii re s use d .  For thi s 

re ason i t  i s  of  i nt e re st t o  study the p e d i gre e s e l e cti on of  

si re s  p ra c ti se d . 

THE I Wx O rn'AN Cl': O l:i' PEDI GREE . 
------------------·----

E!:.o du £!.iQ.�_Qf_§.i!:��-§-da�§.. 

For the  obvi ous re a s on t ha.t mal e s do not  p r o duce 

but t e rfa t t he bre e di ng worth of  s i re s  c an be e st i mat e d  only 

t hrough t hP produc t i on o f  thei r fema l e  re l a ti ve s . Wi t hi n  a 

he rd s ome i n di ca.t i on of 2 bre e de r  1 s gene ral att i tude t o wards 

bull sele c t i on c an be de ri ve d from a s tudy of hi s choi c e  o f  

bul l c ? lve s for regi s tra t i on .  I f  only a p ort i on o f  the bull 

c alve s born have been  re�i s t e re d  a n d  t he y  we re p re domi nantly 

from t he hi ghe r produci ng dams  in  t he he rd ,  one c oul d re as onably 

a s sume t he t  t he bre e d� r  re ga rde d t he produc t i ve l evel of bull­

mothers of s ome i mp ort a nce . One woul d exp e ct a bre e de r  t o  

ret a.i n only t he be st home -bre d bull s  for use i n  a c l o se d herd, 

an d i f  he p ai d  at t e n t i on to the produ c t i ve p e rforman c e s  o f  si re s ' 

dams , t o  c h o o s e  the se bul l s  mai nly from t he dams whi ch we re the 

hi ghe s t  p ro ducers  o f  but t e rfa t i n  t he her d .  

A me t ho d  o f  e s t i m8 t i ng t he bre e di ng value o f  dams 

hctS be e n  de s cri be d ( s e e  -3e c t i on_ T ) . I t  i s  use d i n  t he fo ll owi ng 

s e c t :i. on t o  me P sure the c omp t=1 r2 t i ve bre e di ng VP lue s o f  t he dams 

o f  bul l cB lve s a.n d t o  e n ? bl e  e n  a s s e s sment o f  the i mp orta nce 

at tache d  by the bre e de r  t o  d? m p r o duct i vi ty in hi s c hoi c e  of  

bul l c p lve s for  reci s t r? t i on an d for use i n  hi s herd.  

I t  has be e n  p oi nt e d  out that ne a rly all the he i fers 

al i ve we re regi s t e re d a n d t hat t he bre e de r ' s p re fe rences  c ould 

not  be re c ogni se d unt i l  he i fe rs we re chosen  t o  e nt e r  hi s herd . 

A l owe r p e rcent age of t he bull c a lve s b orn we re re gi s te re d  and 

s ome de ci si on on t he re l :=� t i ve me ri t o f  bull c alves must have be en 

ma.de at  an e a rli e r  s t a ge t h8 n  in the c ase of he i fe r  c alve s .  

To 31 st De c e mbe r ,  1 9 49 , 4 2 4  o f  t he bul l  c alve s b orn were regi stere d  

c m d  they have b e e n  cla s s i fi e d  a c c o rdi ng t o  t he e s t i mEJ te d bre e di ng 

�orth of  t he i r  dams i n  Tt=1 ble ? 3 . 
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Di stri but i on of re-gi stere d bull  calves 
e c c or di ng_�_o t he e st i ma.t e d bre e di ng worth 
Q[_t hei r  da�. 

stima t e d  bre e di ng worth Di stri buti on of re gi stere d  
o f  dams ( P ound but te rfat ) he i fers . 

2 0  a n d  ove r 
1 5  1 9  
1 0  1 4  

5 9 
0 4 
0 - 4  

- 5  - 9  
-1 0 - -1 4 
-1 5 - -19 
-20 and over 

Tot al 4 2 4 

6 7 . 9 1  

3 2 . 68 

t lO O . uO ) 

Table 2 3  sho�ts the t  6 7 . 9l;o  of the bull calve s regi stere d  

we re from a b ove -c- ve re ge dams  s n d  32 . 0871- from be l ow-avera ge dams . 

I t  i s  ap p arent t he t  s ome p r e f� •:-e n c e  has be en shown for the bull 
c c- lve s o f  the be t t e r  dams i n  re sp e ct o f  but t e rfat  producti on but 

i t  i s  e qually c l .e ar thP t t h � t bre e de r 1 s  choi ce ha s bee n  far from 

a c cur�t e in thi s repp e ct . 

For e e ch ye ar the a ve r8 ge e st i rne t e d  bree di ng value s 

of ( & )  dams of  a l l  the re [i ste re d  bull calve s ,  ( b )  the dams of 

regi s t e re d  bull c2 lv e s  use d i n  the her d ,  ( c ) the be st dams of 

bull calve s c orre sp ondi ng wi th t he numbe r of regi stra.ti ons have 

been  cal culat e d  and a re shown i n  Ta ble 2 4 .  

Table 2 4 . 1h�-�����l�stim�te d  Qree di ng_ya lue of  the 
Q£ill£_Qf��i stere d  calve s use d i n  t he he rd 
a n d  the be st  e va i l a ble  darn s of bull calve s .  

- ----- -

Ye ar . 

--- - ---
1 930- 3 1  
1 9 31-32  
1 9 3 2- 3 3  
1 9 3 3-3 4 
1 9 3 4-3 5 
1 9 3  5-3 6  
1 9 3 6-37 
1 9 3 7 -3 8  
1 9 3 8- 3 9  
1 9 39 -40 
1 9 40- 41 
1 9 41- 42  
1 9 42- 43 
1 9 4 3- 4 4  
1 9 4 4- 4 5  
1 9  4 5- 4 6  
1 9 4 6- 4 7  
1 9 47-48  
19  4 8- 49 
1 9  49- 50 

..----- - ------- - -- -
Dems  o f  regi stsre d 
bul l c e> l ve s .  

No . I Me an  e st i me t e d  

r------1 0  
11  

7 
1 4  
1 3  
1 4  
11  
1 3  
1 8  
1 7  
1 9  
2 2  
2 1  
29  
3 5  
3 2 
3 5  
3 6  
3 5  
3 2  

bre e c1i ne value 
( P ound but t e· r-

fa t . ) 
--·------- ---·---

� 1 .  2 8  
+ 0 . 83 
+ 8 . 01 
t 5 . 3 9  
+ 7 . 38 
t 6 . 6 7 
t 6 . 2 9  
+ 5 . 9 1  
+ 4 . 6 4  
... 4 . 4 4  
f 4 . 71 
... 7 . 3 9  
+ 5 . 48 
+ 6 . 06 
+ 3 . 5 4  
+ 2 L1 t; • •  .J 
+ 4 . 7 4 
+ 4 . 3 7 
+ 3 . 1 9  
t 4 . 88 

Da !TlS  of  re , · i  s t e re d  
ce lve s wr i eh  we re 
use d i n  the he rd 
No . 

. --
-

1 
1 
1 
2 
2 
1 
2 
-
2 
2 
3 
1 
-

1 
2 
1 
1 
-

-

Ee e n  e st i m c t e d  
bre e di ng va lue 
( F ound but ter-

f8 t . ) 
----------- ---

-

t 3 . 63  
.... �0 . 2 8  
- 3 . 3 8  
t 3 . 7 4 
tll . 9 6  
+ 1 .  4 6  
rl l .  5 7  

-
i- 6 . 9 5 
tl 3 . 4 4  
t 1 .  9 3  
- 9 . 3 8  

-
- 3 . 7 6 
if- 1 5 . 3 8  
+-0 . 3 2  

t27 . 5 6  
-

-

Be s t ·  avai lable darns . 

:! 
No . Mean e st i mated 

b:fle e di ng value 
( P ound but ter-

fp t . ) 
-r----------------- -

1 + 6 . 7 5  
1 tl 4 . 47 
1 +21 . 89 
2 +2 0 . 10  
2 +1 5 .  86 
1 +1 6 . 80 
2 tl 3 .  59 
- -

2 +1 6 . 1 5 
2 t20 . 1 2  
3 +1 2 . 2 4 
1 +2 2 . 56 
- -
1 -J-2 5 . 58 
2 +2 4 . 34 
1 +37 . 00 
1 t37 . 9 6  
- -
- -

r; + 1..-. + t.-.. � - - . Y)  0 � , { ') ) 
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The di ffe re nce  be twe e n  ( b )  an d ( a ) , a nd ( c )  and ( a ) 

e re s hown i n  Fi gure 1 0 .  I n  t wo out o f  the 1 7  ye ars n o  h ome­

bre d bul l s  we re re t a i ne d  for use  i n  t he he rd under study .  In  

s e v e n  o f  t he 1 5  ye ar s the darn s  o f  rez-i stered  bul l s  re tai ned for 

herd use we re o f  l ov·e r HVe rP ge e s t i ma t e d  bre e di ng value than t he 

dams o f  P � l  bull c e lv e s re gi s t e re d i n  t he s ame ye ar . I t  s e e ms 

t ha t  bul l c a l v e s out o f  darns wi t h  t he hi ghe s t  bre e di ng value s 

h a v e  n o t  a l ways b e e n  re t e i ne d  f o r  u s e  i n  the he r d .  

One i s  l e d  t o  t h e  c on c lu s i o n  t he t  s o  far  a s  t h e  

home -bre d bul l s  we re c on c e rne d the p r o du c t i o n  re c ords o f  d a m s  

di d n o t  re ce i ve as  mu c h  e mp ha s i s a s  o n e  woul d an t i c ip at e . 

Howe v e r  t wo o f  t he m o s t  i mp ortant he rd si re s  we re 

i mp ort e d  e.ni mal s  a.nd  c o n s e que n t ly ha v e  been omi t t e d  from the 

a b ov e t a bl e . Furthe r n o  a t t e m p t  hA s be en made t o  we i ght the 

home-bre d si re s a cc ordi ng to t he i r rep r o du c t i ve i mp ort a nc e . 

C o n s e qu e n t l y  t ho ugh the 8 V erace bre e di ng v a l ue o f  h ome-bre d 

bul l s  u s e d t o  bree d he rd rep1 e c e �e n t s  m A y  apQ e a r  di sapp oi nti ngly 

l ow ,  the i r di ffe re nt i e l  use  pnd  t h e  e ffe ct s o f  t he t wo i mp orte d 

s i re s  me y e xp l ai n  t he l A rge gene t i c ge i n s  n o t e d  e a.rl i e r . 

La s t l y  an P t t emp t wa s made t o  find  out i f  t he bre e de r  

i n  usi ng hi s home-bre d si re s ge ve pre fere nc e t o  dau�ht e r s  of 

t h o s e  bul l s  out o f  d a m s  �i t h  out s t a n di ng p e rforman c e  re c ords . 

Fi gure 1 1  and T a b l e  2 5  s ho w  the bul l s  u s e d i n  t he he rd ac cordi ng 

t o  the ye ar of  the i r  bi rt h a n d  t he numbe r of  t he i r  daughte r s  

ent eri ng the he rd a s  r�p l 2 c e me nt s . O n  t he whole the bree di ng 

worth o f  dam s  o f  the s e  bul l s  were be twe e n  fi v e  t o  t e n  p ounds 

o r  m o r e  above t h e  herd ave re ge ; the bree di ng wort h o f  the last 
t wo ai re s whi ch we re i n  u s e  i n  the herd a t  t he t i me o f  t hi s 7 
study we re + 23 . 2 p ounds P nd + 2 7 . 6 p ounds re spe c t i v e l y .  

Table 2 5 .  

Name o f  Bul l . 

Don 
Carl o 
Barbe r 
Vi e t  o r ' s  La.d 
Trut h 
Ki p l i ng 
Re n o wn 
Dre a.mer 
Tali sman 
Proud Boy 
Be a u  Ge s t e  
Pre t e n d e r  
Wi l d  Boy 
Chan c e l l or 

ShQ.�i ng_h_Qme-b:r.e d _.§.i!:�§.�.§.�Q.__i!!_th�. herd , 

ih�i!:_Qs!!!�§..J2ree d:!,_!!_g_worth an d the numbe r o f  

h�!:��l����nt g.  

Ye 2 r  o f  bi rt h .  Bre e di ng worth No . o f  hei fers 

-----------·· ----

1 9 3 1  
1 9 3 3 
1 9 3 4  

11  

1 9 3 5  
1 1  

1 9 3 7  
1 9 3 9  

1 1  

1 9 4 0  
1 9 41 

1 1  

1 9 4 2 
1 9 4 4  

o f bul l ' s dam 
( P ound but t e r-

fat . ) 

------ -----

+ 3 . 63 
- 3 . 3 8  
+1 5 .  6 0  
- 8. 11 
+1 2 . 4 8  
+11 .  4 4  
+ 9 . 00 
+ 7 . 1 4 
+ 6 . 7 6  
+ 9 . 40 
- 4 . 3 5 
t 1 . 1 0  
- 9 . 4 0  
- 3 . 7 6  

by t he bull 
ent e ri ng t he 
he rd as r ep la.c 
e me nt s .  

------------

2 
4 

2 5  
3 
1 
1 
1 
3 

1 7  
3 5  

2 
2 

1 7  

1 
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Blus h ' s Magne t 
Ke lp i e ' s Ki ng 
B lu s h ' s  Ente rp ri s e  

4 1 .  

1 9 4 5  
1 9 4 6 
1 9 47 

+ 2 3 . 1 8  
,.. 0 . 3 2  
+ 2 7 . 56  

Four o f  t he home -bre d bul l s  have be e n  u s e d e xt e n si v e ly 

t o  Si re herd rep l s c e me n t s .  Wl t h  o n e  e x c ep t i o n  t he s e  bul l s  have 

b e e n  from ds m s  o f  out s t P n di ng p T o duc t i o n  c bi l i t y .  Each of t he se 

s i re s  wa s cl o s ely re l P t e d t o  et t he r  Bre rrp t on S t c.ndard De.n c e  ( Imp . ) 
o r  Maori Vi c t o r  e n d  i t  i s  p o s si bl e  t hat t he s e  s i re s  for whi ch n o  

p e di gr e e  a s s e s sm e n t s we re p o s s i b l e  we re ul t i me t e l y  re sp o n s i ble 

f o r  t he l s rge ge ne t i c ge i n s me de . 
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surv:�. A?..Y . 
-----

I .  The re c or d s  o f  a Ne w Ze al a n d  pe di gre e Je r s ey her d  o f  

app r oxi ma t e l y  o n e  hun dre d c ows whi c h  was c on t i nu ously 

re c o r de d  u n d e r  the Group He r d  Te s t  Sys te m f o r  t we nty- o ne 

y e a r s  ( 1 930-19 50 ) have b e e n  s tu di e d  t o  d e t e rmi ne the 

ext e nt t=m d c a u s e  of a.ny ge n e t i c c he nge s whi e h  may ha ve 

t a ke n  p l a c e  duri ng t he p e ri o d  re vi e we d . The re c ords of 

3 57 da m s  wi t h  1 89 2  l a c t a.t i o n s  were i nv olve d .  The 

Rep e a b =tbi li ty o f  re c o r d s  wa s e s t i ma.t e d  t o  be 0. 43 . 

2 .  The s t ra i ght l i ne t r e n d  o f  the a n nual mature e qui val e nt 

ave rage s was upwPrd a.t t he r e t e  o f  4 .  8 lbs.  o f  but t e rfat 

p e r  ye A r . The ge neti c c o mp �n e n t  o f  t hi s was 3 . 9 lbs.  

o r  a pp r o xi ma t el y 80% o f  t h e  t o t a l  i mp ro ve me nt . 

3 .  The p r o du c i ng abi l i ty o f  e ac h  dam was C8.l cul at e d  at the 

4 .  

e n d  o f  e ac h  l e c t P t i on . O f  t h e  2 82 he i£e r rep l a c e me nt s 

e n t e ri ng t he he r d  du ri ng t h e  p e ri o d  s t u di e d  only 1 52 ( 53 . 9% ) 

we re from d � m s  a b ove t he P V e r P ge of  the he r d  i n  the ye ar 

i n  whi c h  t he he i fe r s  we re b o rn . Had dam sele cti on bee n  

p e rfe c t  a ge ne t i c i mp ro v e m e n t  o f  0. 57 lbs . o f  but t e rfat 

p e r  ye a r  wou l d  hs ve r e sul t e d . The a c t ua l gene t i c gai ns 

from dam s e l e c t i o n  we re o f  t he o rde r o f  0. 0 6  lbs . of  

be.t t e rf a.t p e r an num . Dam s e l e c t i o n  ap_9e ar s  t o  have 

re c e i v e d  m o re e mp h e  s i  s duri ng t h e  l a s t  s e v e n  s e asons 

s t u di e d . 

Thi r t y- s i x  si re s we re u s e d i n  t he - he r d  duri ng the peri o d  

re v i e we d , t e n  o f  t he m  e xt e n s i v e ly . Ade quate proge ny 

t e s t i ng p l a ye d l i t t l e  o r  n o  p a rt i n  de t e rmi ni ng the choi ce 

o f  h e r d  s i re s . Home -b re d s i re s  we re ge ne ral ly cho s e n  from 

dam s we l l  ab ove the he rd P V e r a ge t h ough thi s was not 

i n v � ri P bl y  s o .  The m o s t  i mp o rt P nt bul l s , judge d by the 

numb e r  o f  rep l a c e m e n t s  s i re d ,  we r e  e i the r i mp o rt e d  or 

c ho s e n  f r o m  he r d  d a m s  be f or e  c on t i nuous a ni ma l re cordi ng 

was p rF1 c t i  se d. Two o f  t he s e  s i  r e s  ap p e a.r t o  be l arge ly 

i n s t rume nt al i n  e ff e c t i ng t he i mp r o v e me n t s n ot e d an d i n  

v i e w  o f  t h e  i n P de qua t e  i n fo rma t i on P v ai l a ble from whi c h  t o  

make p e di gre e e s t i mP t e s o f  t he se t 7o bul l s  i t  must be 

c on c l u de d t ha t  t he b re e de r  1"!a s e x t re me l y fortunate i n  hi s 

e arly s e l e ct i o n  o f  s i re s . 
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A C KNO WLF:DGH,·�"E:NT3 . ----------------

The wri t e r i s  i nde bte d  t o  the Ne"ii' Ze aland Dai ry 

Bo ? rd , Tfl ra n aki He r d  I mp r ov e me n t  As s o ci a t i o n and the New 

Ze a l a n d  Je rs e y  Co t t l e  Bre e ders ' As s o ci P t i on ( Inc . ) ,  for 

the dat a u se d i n  thi s s tudy , o n d  to the members of  t he 

Dai ry Hu sbe n dry A n d  She e p  Hu sba n dry Departme nt s for the i r  

ki n d  he lp , a n d  e sp e c i ? l l y  t o  Dr . Al o.n 3tewart for hi s 

c on s t ant gui ds.nc e  a.n d  sup e rv i s i on t hroughout the i nve sti gati on 

a n d l a s t l y  to Pro f .  A . L .  �Be �i t hout whose ki nd encouragement 

a n d help t hi s s tudy ;:oul d not hr ve be e n c omp le te . 
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A p p E T D I X I .  

rtEP FATA3 I LI TY OF �CO "WJ . ------------------------

An e xami nat i on of Lhe da t a  was made t o  de t e rmi ne 

whe the r  t he he ri t a bi l i t y fr- c t ors e mp l oye d we re re as onable 

e st i ma t e s . The di ffe re n c e s i n  � roduct i vi t y betwe e n  i ndi vi dual 

dam s c an he sub di vi de d i nt o  t hat p art c ause d by temp orary 

e nvi ronmental c o n di ti ons an d t ha t  du e t o  i nhe re n t  di ffe rence s . 

� e mp ora ry e nvi ronme nt e f fe c ts P re not t ransmi t t e d  from pare nt 

t o  of fsp ri ng. I nhe re nt ili Tfe r�n ces i n c l ude he re di t ary 

di ffe re n c e s whi c h  may b e  t r8 n s rni t t e d , t ho s e  whi ch may n o t  be 

t ransmi t t e d  ( such as t he e f TE· c t s  o f  domi nan c e  and epi s t asi s and 

p e rmane nt di f fe r·e n c e s i n  e n vi ronme nt ) . 

" He ri t '  hi l i  t y "  me asure s t he p rop ort i on of the t otal 

vari r n ce i n  t he c harac t e r  due t o  ht re di t ary e ffe c t s  whi ch are 

t ran s mi t t e d . " Rep e at .  bi l i  t y "  me asure s t he p rop ort i on of 

i nhe rent di ffe re n c e s in t he t ot '-' 1  vc: ri · · n c e  ( i nc ludi ng t he 

he ri t � b l e  frac t i on ) . 

..L wo me t hods o f  c a l cul a t i ng n: pe at abi li t y  we re e mp l oye d . 

..L he fi r s t  waa t hat de s c ri bE d by oe rry ( 1 9 4 5 )  i n whi ch the study 

was re s t ri c t e d t o  t h o s e  a ni m a l s  f or Thi c h t he fi rs t  t hre e 

l a ctat i on re c ords 'T'.· e re a v a i l abl e . Cor re. l at i on c oe ffi c i e nt s  

b e t we e n  ad j acent re c ords , and  re c ords separat e d  by one lactat i on 

we re c 2 l cula t e d  and th ;:- ve rage u s e d  a s  a n  e s t i mat e of " r ep e atabi li t� 

The se c ond me thod was t hat de scri be d by Sne de cor ' 1 9 46 ) in whi ch 

al l avai labl e re c o rds w e r e  c ons i de re d and i ntra - c l as s c orre lat i ons 
cal cul at e d . 

FI RJ!_���-��-l��BRYL_!�4 5 J .  

The dat a c on81 s t e d  of _the re cords of 20 5 dams i n  the 
herd s tudi ed whi ch c omple t e d  t hei r f i r s t  thre e normal l ac t at i ons 
( the produc t i on re c ords ba s e d  on lac t at i on records to 3 0 5  days 
an d for c o ws i n  mi lk f o r  at l e a s t  1 00 da ys ) . Si nc e the c orre ct i on 
fact ors use d i n  Ne w Zea l and i nv o lve t he addi ti on o f  c onstant 

amounts  t o  t he t wo-ye ar-o l d  and t hree -year-old lacta ti on rec or ds , 

re c ords we re not  c orre c t e d  t o  a mature basi s . 

One e s t i ma t e o f  rep e a t a bi l i t y i s  me asure d by the 

ave rage c o r re l a t i on be t we e n  re c ords o f  the s ame c o w .  The 

separate c orre l ati ons be t we en adjace nt re cords we re t he refore 

cal cul at e d  and re c ords separate d by one l a c t ati on  ( fi rst and 

t hi rd l a c t at i ons ) we re ca l cul ate d . 

i n  Table I .  

The c o rre lat i ons are s hown 
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Table I .  Corre lat i on be twe e n  re cords of c ows for whi ch 

the fi r st three l a c t at i on re c ords were avai l able . 

Lac t at i on Re c o rds 
c ompare d .  

Ad j acent 

1 re c ord 
i nterveni ng 

r3 , 1  

Ave rage o f  all 
c o rre l ations . 

Corre l ati on Coe ffi c i e nt s .  

0 . 6043 ) 

o . 5361 ) 

0 . 419 6  

0 . 5200 

o . 5702 

Th e c orre l a t i ons were group e d acc ordi ng to proxi mi ty 

o f  re c ords and a n  a.ve rage va lue for  all separate c orre l ati o ns 

obtai ne d . The e st i mat e o f  the " Rep e B t abi li ty"  o f  re c ords by 

thi s me t ho d  i s  thus : 

R = o .  520 . 

§�QON2_M��EO D_i�NEQ�CO�l9 4�) .  

( a ) The same da t a  use d i n  the fi rst me thod was studi e d  

20 5 c o ws for whi c h  de t ai ls o f  t he i r  fi rst  t hre e l ac t ati ons were 

avai l able - and i nt ra-class c orre lati ons were c al culated.  The 

de t a i l s  of  t he analysi s o f  v ari ance are as foll ows : -

Source . d.  f .  Sum o f  square s .  Me an square s .  

---------------------------------------------------------------
Tot a l  

Be twe e n  c ows 

Wi thi n c ows 

61 4 

2 0 4  

410  

3 , 003 , 804  

2 , 506 , 19 2  

49 7 , 612  

4 , 89 2 . 1  

1 2 , 2 8 5. 2 

1 , 213 . 7  
---------------------------------------------------------------

Repe a t abi l i ty i s  e s t i ma t e d by t he rat i o of the t wo 

v ariance s  as fol l o ws : -

fo l l ows : -

= 

The nume rA t or was c a l cul e t e d  a s  f o l l ows : -

2 () m 

= 3 6 90 . 5 

The i ntra-c la s s  c o rre l a t i on was t he n  calculate d as 



3 6 9 0 . 5 __ _ 

3 6 9 0 . 5 + 1 21 3 . 6 

0 . 7 52 5 

Thu s t he e st i mat e  of  Rep e at e bi li t y usi ng thi s me t hod 
and the re s t ri c t e d  i n forma t i on i s  t hus : 

R = 0 .  7 5 . 

\ b )  The di ffe re n c e s i n  t h e  two e s t i mate s  R - 0. 52 

an d R - 0 . 7 5  sugge s t e d that the use o f  re s t ri c te d data di d 

not gi ve re li able e s t i mat e s  a n d  i t  was de c i de d t o  use all the 

i nformat i on avai l abl e and t o  c orre c t  for t he varyi ng numbe rs 

of lactati ons for each ani mal by the me thod de scribe d by 

Sne de c or ( 1 9 4 6 ) page 2 3 4 .  

The pe rformance de t ai l s o f  3 57 cows wi th 189 2  

lactati ons ( 2  ye ar-old  and 3 ye ar-oldxhe i fe rs ' yi eld c orrecte d · 

t o  mature age by the corre c t i on fac t ors employed by the New 

Ze al and Dai ry Board , 1 9  51� we re next exami ne d . The repe atabi li ty 

of re c ords for ( i ) c ows wi th one or more lactati ons and ( i i ) c ows 

wi th two or more l a c t a� i o n s  we re c al cul a te d i n  the manner 

de s c ri b e d by Sne de c or ( 1 9 4 6 ) .  

( i ) Rep e a t abi l i t y  o f  re c o rds for a l l  c ows i n  the he rd unde r study. 

n sx ( sx�2 sx -
sK2 -
SK 

3 57 
7 5 5 , 6 7 3  
5 71 , 0 41 , 6 82 , 9 2 9  
3 13 , 1 00 , 4 53 
1 3 , 7 9 4 
1 '  89 2 .  

Due t o t he varyi ng numbers o f  lac t ati ons for e ach 

1ani mal ( Ko ) t he a ve r a.ge numbe r o f  re c o r d s  p e r  c ow was calculated 

from t he �a ll owi ng fo�mul a : -
I s x2 

K.o = ( SK--- '\ n-1 SK / 

- 1 ( 1 89 2  1 3 79 4 ) - 3 56  1 89 2  ) 
- 5 . 2 9 4 -

The c orre c t i o n  fac t or ( SX ) 2 
, was t he n  calculat e d  

SK 
as f o l l ows : 

C . F . 
= 301 , 81 9 , 071 . 3 

To t al sum o f  squa re s � ( sx2 - C . F . ) 

.= 11 , 2 81 , 3 81 . 7 

Sub-samp l e  me an s = Si 2 

Ki 
+ • • • t S� - C . F .  

Hn 

- 6 , 1 58 , 87 4 . 2 
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Whe re Si i s  the sum o f  the lactati ons i n  the fi rst 

year and Ki t he numbe r  o f  l a c t at i ons i n  t he same ye ar . 

The analysi s o f  v a ri a n c e  i s  t he n  : 

S ource . d . f .  Sums o f  square s Me an squf!,re s .  
-------------------------------------------------------- ------

To tal 

Be twe e n c ows 

1 ,  891  

3 56 

Wi th� n  cow  1 , 53 5 

------------------------1 

1 1 ' 2 81 ' 3 81 .  7 

6 , 1 58 , 87 4 . 2 

5 , 1 2 2 , 507 . 5 

2 
The i ntra-class  c o rre l a t i on � crm

2
---

2 
am +- er 

c al cul a t e d  a ft e r  me a suri ng am
2 

� 2 , 6 37 . 527 . 

1 7 , 3 00 . 208 

3 , 33 7 . 138 

was the n  

The i n t ra - c l a. s s  c o rre l at i on t hus c alculate d  i s  as 

f o l l ows : -

Thus R ;;;. 0 . 4 4 . 

2 
am 

2 + 2 
am a 

2 6 3 7 . 52 7 �-----------------------
2 , 6 3 7 . 52 7 + 3 , 3 3 7 . 3 8 4  

;;;. 0 . 4 41  

( i i ) Rep e at abi li ty  o f  re cords of  c ows wi th two or more lactati ons 

i n  the he rd under study . 

To d et e rmi ne whe t he r  t he use o f  all re c ords whi ch 

e nabl e d  a m o re ac curat e e s t i mF t e  of o
2 was nece s s ary , only the 

re c ords of  t h o s e  ani mal s f o r  wh i c h t wo o r  more re c ords we re 

avai l a ble we r e  c on si de re d . The e s t i mate  of rep e aabi li ty usi ng 

the me t ho d  de sc ri be d above wa s as f o l l ows : 

n 313  
sx - 7 4 0 , 0 7 6  ( SX) 2- 5 47 , 71 2 , 4 8 5 , 7 7 6  
sx2 - 307 , 1 08 , 6 1 2  
sK2 - 1 3 , 7 50 
SK 1 , 8 4 8  
C . F . - 2 9 6 , 381 , 21 5 . 2 
To t al 3 . 8 . - 1 1 , 2 81 , 3 81 . 7 Sub-s ample me e n s - 6 , 1 58 , 87 4 . 2 
Ko 5 .  89 9 

The analysi s 

Source d . f 

Tot al 1 , 8 4 7  

Be t we e n C O WS 3 1 2  
Wi t h i n c ow 1 ,  53 5 

-----------

i>f vari anc e i s  . . 
Sum of  squa re s 

1 0 , 7 27 , 39 6 . 8 

5 , 6 0 4 , 889 . 3 

5 , 1 2 2 , 507 . 5 

Me an square s 

1 7 '  9 6 4 .  J89 

3 , 3 37 . 138 

The i nt ra-class  c o rrelat i on thus c al culate d aft er 

fi ndi ne out om
2 

i s  as foll ows : 
r i - _Qtll� 

mn2 � o 2 



- 0. 4 2 6  

Thus R - 0 . 4 3 .  

The smal l  di ffe re n c e s be twe e n  the se two me asure s of 
Repe at abi l i t y  sugge st s t ha t ci t he r  pr ovi des a re li able e st i mate 

of "R" and that base d on all re c o rds h a s  be e n  pre fe rre d  because 

of �he more ac c urat e e s ti mat e  of a
2

. 

In t hi s study " R "  has b e e n  t aken t o  have a value of 
R ;:: 0 . 4 4 .  

f .  , , rv r r n : c u c.T U f\ '.L COLLEGE 
Llwf . .  ' "  l r ALME.RST O N  N O R T H ,  N L  



Be rry , J . C .  1 9 4 5  

C ampbe ll , I .  L .  1 9 4 6  

Di cker s on , G . E . & 
Haze l , L. N . 1 9 4 4  

Fahi muddi n ,  Wd . 1 9 52 

Hami l t o n , W. M. 1 9 43 

He n de rs o n , C . R. 1 9 4 8  

49 . 

BIBLI O G3Ai-'HY . 

qe l i e bi l i t y  o f  2 ve re ge s  o f  di ffe re n t  
numb e r s  o f  l 2 ct 2 t i on re c o rds f o r  
c o mn a ri ng d2 i ry c oV':s . 
J oui- . Dy . 3 c i . 2 8 :  3 5 5- 3 6 6 .  

The P c curP cy of v e rt ou::, wc. .., h o ds o f  
e s t i mat i ng 8 de i ry c ow ' s p r o duc t i on of 
mi l k  an d but t e rfat . 
F r o c . N . Z . So c . An . Pro d . 6 ,  99-1 0 4 .  

Fffe c t i ve ne s s  o f  sele c t i on o n  progeny 
p e rforman c e s as a supp l e m e n t  t o  e arl i e r  
cull i ng i n  l i ve st o ck . 
Jour . Agri c . rte s . 6 9 : 4 59 - 47 5 .  

An e ne l ys i s o f  the 1 9 48 Je rsey he i fe r  
re gi s t r2 t i  o n  de t a  t o  p rovi d(e i nf ormat i on 
c on c e rn i ng some  fe e ture s o f  New Ze aland 
p e di gree Je r s e y  Ce t tle . 
The si s - �fas s ey Agri cul tural College -

( Unpubli she d ) . 

FA c t or s  a ffe c t i ng the rat e of herd 
i mp ro v e m e nt i n  New Ze al an d . 
Proc . N . Z . An . Pro d . 3 :  11-20 . 

I t e rn t i ve m e t h o d  o f  s olut i on for s o lvi ng 
s i mu1 t e ne i ous e quat i ons . 
Corn e l l  Uni v e rs i t y ,  I t ha c a ,  Ne w York . 

He nder s o n ,  C . R. 1 9 4 9 , a . E s t j mF t i on o f  cha nge s i n  he rd e nvi ronment . 
Co rnell  Uni v e r si t y ,  Ithac e , Ne w York. 

He n de r s on , C . R. 1 9 49 , b . Numeri cal e xa.mp le o f  e s t i ma t i on o f  change s  
i n  herd e � v i ronment . 

Ke l 1 e y , R. B. 1 9 4 6  

Lern e r , I . M. 1 9 50 

Le rne r ,  I .  M . & 
De mp st e r ,  F . R. 1 9 47 

Lus h ,  J .  L.  19 3 5 

Lus h ,  J . L .  1 9 40  

Lush , J. L.  & St re us s ,  

F. S . 1 9 4 2  

Corn e ll Uni v e r s i t y ,  Ithe c a ,  Ne w York . 

P ri n c i p l e s e n d  l'l!:e t ho d s  o f  Ani ma l Bree di ng . 
Angus e n d  'i.o bert s on . 

P opul P t i on �ne t i c s  e n d  Ani ma l  Imp roveme nt . 
The C< mbri dge Uni ve r s i ty Pre s s . 

The op t i mum s t ru c t ur e  o f  bre e di ng fl o cks . 
L - r a t e  o f  gen e t i c  i mp rove ment under 
di ffe re n t  bre P di ng p l A ns . 
Ge ne t i c s ,  3 2 : 5 5 5- 5 6 6 .  

P rogeny t e s t  a n d  i n di v i dual p e rforman ce as 
i n di c Ft t ors o f  a n  c> n i me.l ' s bre e di ng value . 
Jour . Dy . Sci . 1 8 ,  1 :  1-19 . 

Intra- si re c orre l at i ons on  regre s s i on o f  
o ffsp ri ng on dam a s  a me t h o d  o f  e st i mati ng 
heri t P bi l i t y  of  cha ra c t e rs . 
Pr o c . An . So c .  An .  P ro d . 3 3 : 2 9 3-301 .  

The heri t � bi l i t y  o f  but t erfa t p r o duc t i on 

i n  da i ry c P. t t l e . 
Jour . Dy. Sci . 2 5 :  9 7 5-9 82 .  



Lus h , J . L .  1 9 4 5  

Lu s h ,  J .  L .  1 9 4 6  

Lu s h, J .  L .  1 9 4 8  

Lus h , J .  L.  1 9  5 1 , a 

Lu sh , J .  L .  1 9  51 ' b 

N e w  Ze a l A n d De i ry B o FJ .r d , 
1 9  4 3 .  

Ne w Ze 8 l a.n d  De i �y Bo a r d , 

1 9 4 6 . 

Ne w Ze al an d Dai ry Bo a r d ,  

1 9 51 .  

N e �  Ze al a n d  Da i ry Bo a r d , 

1 9  5l . o.  

N e w  Ze 8 l e n d  Je r s e y  He rd 

Bo o k , 1 9 0 8 .  

P lumb , C .  S . 1 9 0 6 . 

P re n t i c e ,  P . 1 9 3 5 .  

Re n de l , J . M . & 
Robert s o n , A. 1 9 49 

Re n de l , J . M . & 
Ro b e rt s o n , A. 1 9 5 0 .  

Sne de c o r ,  G . W. 1 9 4 6 

War d ,  A. H. 1 9 4 4 .  

War d ,  A. H. 1 9 4 9 . 

War d , A. H . 1 9 5 0 .  

WB r d ,  A. H . 1 9 51 . 

5 0 . 

Ani ma l  Bre e di ng Pl a n s . 
The I ovo:::> :3 t a t e  C o l_ l e ge Pre s s , Ame s ,  I owa . 

" " 

The Ge n e t i c s  o f  P opul at i o n s . 
C op yv:ri ght by J . L . Lu s h .  

" 

The I mp a c t  o f  Ge n e t i c s  o n  Ani mal Bre e di ng . 
Jour . An . Sc i . 1 0 ; 2 :  311-321 . 

Ge n e t i c s  s n d  Ani me l Bre e di ng -
Ge n e t i c s  i n  t h e  2 0 t h  Ce ntury . 
The �acmi l l a n C o . ,  New York . 

Da i ry he r d t e s t i ng i n  Ne w Ze al a n d  -
Herd wa s t p. ge a n d  i nve s t i gFJ t i onal work .  

1 9 t h  An nue.l Rep o rt o f  t h e  N .  Z .  Da i ry Boar( 

De.i ry he r d  t e s t i ng i n  Ne w Ze a l and -
Si r e  surv e y  P n d  i nve s t i ga t i o na l  work . 
2 2 n d  An nual 1ep ort o f  t he N . Z . Dai ry Bo ar� 

Dai ry he r d  t e s t i ng i n  Ne w Ze al an d -
I n v e s t i gP t i o n e l  an d re se a rc h work . 

2 7 t h  Annua l �ep o rt o f  t he N . Z .  Dai ry Boar� 

Unpubl i s he d .  

N e w  Ze P 1 e n d Je r s e y  Ce t t l e  Bre e de r ' .s 
As s o c i a t i o n ( I n c . , ) .  Palme r s t o n  Nort h ,  
Vo l . V.  

Typ e s 2 n d  Bre e ds of Farm Ani mal s . 
Gi n n  & C o . , Ne � Yo rk . 

Bre e  di n ; ·  Pr o fi t 8  b l e  De i r y  Ce.t t l e . 
Hough t o n  �. j_ ffi n C o . , B o s t on .  

Vari e t i on o f  p e r f ormcm c e  i n  dai ry c at t le . 
Home Farm e r ,  Mar ch 1 9 4 9 ; 1 0-11 . 

Es t i mA t i o n o f  ge n e t i c ge.i n i n  mi lk yi e l d  
b y  s e l e c t i o n i n  P c l o s e d he r d  o f  dai ry 
c a.t t l e . 
J our . Ge n e t i c s ,  Jun e  1 9 5 0 , 5 0 :  1-8.  

3t e t i s t i c e 1  We t ho d s . 
The I owa St P t e Co l l e ge Pr e s s , Ame s ,  I owa . 

DE! i ry h e r d  t· e s t i n g i n  Ne w Ze alF.m d  -
Si re s u rv e y  an d i n ve s t i ge t i o nal work . 
2 0 t h  Annu 2 1  �e p o rt o f  the N. Z. Dai ry Board 

He r d  i mp r o v e ment v. ork i n  Ne w Ze a l an d . 
N . Z . DP i ry �o e r d Si re Surve y  & Le ri t 
·ie z-i s t e r , 5 t h  E di t i on . 

He r d  i mp r o v e me n t  work i n  N e w  Ze al a n d . 
N . Z . D::> i ry � o a rd 3i re 3urve y & Me ri t 
�e &i s t e r , 6 t h  F di t i on . 

He r d  i m..:J r o v e r; e n t  w o rk i n  N e w  Ze al an d . 
N . Z . DA i ry Board Si re Surve y & Me ri t 
:i.e ( i s t e r , 7 t r' F. di t i on .  


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068



