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Sire Evaluation for Economic Merit 

J. W. WILTON • and L. D. VAN VLECK 
Department of Animal Science, Cornell University, Ithaca, New York 

Abstract 

Procedures for selecting sires are com- 
pared in terms of making maximum genetic 
progress in economic lnerit. A quadratic 
index, a simplified form of the quadratic 
index and a linear index to evaluate eco- 
nomic merit, and a restricted index to im- 
prove milk as much as possible while hold- 
ing milk fat percentage constant, all result 
in nearly equal expected genetic progress 
in economic merit. Selection for milk pro- 
duction results in less expected genetic 
progress in economic merit, the extent of 
the decrease depending on the economic 
vMue of milk production at a given base 
test and on the test differential. 

Evaluation of sires for economic merit 
depends on the economic values and on the 
means of milk production and test. The 
simplified form of the quadratic index 
appears to be a useful index, since sire 
economic merit index values can be cal- 
culated for any mean levels of milk pro- 
duction and test and for any economic 
values, once index values for milk and 
test have been found. 

The economic value of dairy cattle production 
depends on the amount of milk and the per- 
centage of milk fat under most present pricing 
systems. Selection for economic merit among 
cows with one record each has been discussed 
in an earlier paper (5). 

The purpose of this paper is to examine sire 
selection for economic merit by comparing the 
expected genetic progress in economic merit 
resulting from the use of different indices, and 
by examining changes in sire index values at 
several combinations of levels of milk produc- 
tion and milk fat  percentage (test). 

Experimental Procedures 

1. Description of total economic merit. 
The value of milk production can be ex- 

pressed as : 

D = P[v~+ v,(T - -  T~)], 
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in which 
D is dollars received, 
P is kilograms of milk produced, 
vl is the value per kilogram of milk at a 

base test, 
v2 is the test differential, or the change in the 

value of each kilogram of milk with each 
change of 1.0% in test, 

T is the test of the milk, and 
Tb is the base test. 

The genetic value for total economic merit 
can then be expressed as: 

M :  ( l~ + g~)[a~ + a:(txt + g,)], 

in which 
M is total economic merit, 
/x,~ and ~ are the population means for milk 

and test, respectively, 
gm and gt are the genotypic deviations from 

population means for milk and test, re- 
spectively, 

as is v~ -- v2Tb, the value per kilogram of milk 
at 0.0% test, and 

a~ IS ~)~. 

Values of $.1102/kilog'ram of milk at a base 
test of 3.5% for a~ and $.0132/kilogram/1.0% 
test for a: were used as basic representative 
economic values with other values used to i}- 
lustrate the effect of changes in economic values. 
Means of 6,400 kg for milk and 3.635% for 
test were taken as the current Holstein means. 

2. Comparisons of expected genetic p~ogress. 
The expected genetic progress in economic 

merit is given for six possible selection pro- 
cedures : 
a) Selection directly for economic merit by a 
substitution index : 

I ,  = (~,. + I . )  [a~ + a~(~, + It)]  - 
~,~(a~ + a~l.L,), (I) 

in which 
I ,  is the substitution index, which is equiva- 

lent to a quadratic index (4), 
/~m and txt are the population means for milk 

and test, respectively, 
I,~ and It are the selection index values for 

milk and test, respectively--each based 
on information on both milk and test, and 

al and a, are as described above; 

b) selection directly for economic merit by a 
simplified form of the substitution index: 
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236 W t L T O N  AND VAN V L E G K  

In. = (tt~ -t- I.,(1)) [al + a~(tt, -t- 1,(1))] - -  
tt,,(a~ -t- a ~ , ) ,  ( I I )  

in which 
L ,  is the simplified index, 
I,,(1) is the selection index value for  milk 

based on milk information only, and 
I,(1) is the selection index value for test based 

on test information only; 

c) selection directly for  economic merit  by a 
linear index based on milk production and test, 
as developed by Wilton et al. (4), 
d) selection for  maximum improvement in milk 
production while holding test constant as de- 
veloped by Kempthorne and Nordskog (2), and 
described b 7 Butcher et al. (1) ; 
e) selection for  milk production; and 
f) selection for  milk fa t  production. 

The expected genetic progress in economic 
merit  is based on the sire as the object of 
evaluation and the comparisons of expected 
genetic progress are based on 50 daughters per  
sire with one record each. This number corre- 
sponds roughly to a first proof in a young sire 
proving program. The phenotypie parameters 
used here axe: 

I 3 ~;~;, = ; ~,o,,, + (,~ - 11 ( .25)  (~ , .~ ,1  , a ~ d  

,~;,=~[o-~,+('~-1)(.25)(°5d ], 
in which 

c~-'~, ( ~  and ~-~t are the phenotypic vari- 
ances and covariance of the average 
milk production and test of daughters, 
having values of 123,938 kg ~, --15.574 
kg%, and .0166% ~, respectively. 

o-~p,~ o-p,~, and (r~t are the phenotypic vari- 
ances and covariance of single records 
for  milk production and test, having 
values of 1,525,420 kg ~, --96.116 kg%, 
and .0934% ~, respectively, 

~ •  o-~g~, and cr~gt are the genotypic vari- 
ances and covariances of single records 
for milk production and test, having 
values of 381,355 kg ', --55.721 kg%, and 
.0599% ~, respectively, 

n is 50, and 
.25 represents the additive genetic relation- 

ship of paternal  half sisters. 

Expected genetic progress per  generation for 
each procedure comes from the usual formula:  

~M = ~M1/(r~" z / p  

in which 

AM is expected genetic progress in economic 
merit, 

~f~ is the covariance between the genetic val- 
ue for economic merit  and the index 
used for selection, 

g1 is the standard deviation of the index used 
for  selection, 

z is the height of the ordinate of the normal 
distribution at  the point  of truncation, 
and 

p is the proport ion of individuals selected. 

Results and Discussion 

1. Expected genetic progress. 

Expected genetic progress in economic merit  
is almost equal for the quadratic, simplified, 
linear, and restricted indices at  present Hol-  
stein means for  milk at $.1102/kilogram with 
a $.0132/kilogram/1.0% differential (Table 1). 
The nearly equal progress expected from the 
use of a simplified index for sire evaluation 
contrasts with a relative selection efficiency 
(RSE)  of 94% for the simplified index in se- 
lection of cows with one record each (5). This 
difference is due to the greater accuracy in 
evaluating each characteristic in a sire proof,  
so that the other characteristic provides cor- 
respondingly less information about the charac- 
teristic being indexed. These results indicate 
that sire selection could accurately be done by 
the simplified index, as well as easily done 
because of  flexibility with respect to changes 
in economic values and means. 

The relative selection efficiency of selection 
for milk only is not as high as any of the 
indices using information on both milk pro-  
duction and test. I t  is also lower than the 
98% relative selection efficiency for cow selec- 
tion (5). This is due to a greater accuracy 
of milk evaluation with a corresponding greater 
correlated reduction in test. This selection 
for milk fa t  is lower than that  for milk, as in 
cow selection (5) at present means. 

The expected change in test resulting from 
the use of a quadratic index is negative (Table 
1), as is that from the linear and simplified 
indices. Thus, as for  cow selection (5), an 
optimum selection procedm'e at  present Hol-  
stein means and representative economic values 
would lead to a reduction in test. 

The effects of changes in economic values are 
given in Table 2 for  the quadratic, simplified, 
and milk indices. The relative selection effi- 
ciency of the simplified index is nearly unity 
at  other combinations of economic values, as 
well as a t  the representative values just  dis- 
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S I R E  E V A L U A T I O N  237 

TABLE 1. Expected genetic progress per generation in economic merit a~d changes in milk, milk fat  
percentage, and milk fat  from various procedures of sire selection at Holstein mean milk production 
and test2 

Expected Progress 
genetic relative to 
progress in the 

Index economic quadratic Change in Change in Change in 
procedure merit  index milk test milk fat  

($) b (kg) (%)  (kg) 

Linear 55.99 .999 513.9 --.018 
Quadratle 56.02 1.000 513.6 --.018 
Simplified 55.91 .998 502.0 --.004 
Restricted 55.82 .996 498.8 .000 
Milk 53.40 .953 542.1 --.079 14.6 
Milk fa t  51.69 .923 406.6 .072 19.5 

a Milk valued at $. l l02/ki logram with a $.O132/kilogram/1.0% differential and means of 6,400 kg 
for milk and 3.635% for test. 

b Selection intensity is one phenotypic standard deviation (selection of one sire out of 20 would give 
a selection intensity of 2.1 standard deviations). 

cussed. The accuracy of  the simplified index 
thus appears  to be unaffected by changes in 
economic values. The relat ive selection efficiency 
of selection fo r  milk increases with increased 
values of milk at a common test differential, 
but  decreases with increased test differentials 
at  a common value of  milk. F u t u r e  economic 
values can considerably affect this cri terion of 
selection fo r  milk. I f  the value fo r  milk in- 
creased markedly  while the test differential 
remained constant, i t  would be possible fo r  the 
relative selection efficiency of  selection fo r  
milk to be near ly  unity.  I f  the economic values 
used were not  correct, the gain in economic 
meri t  f rom selection fo r  milk could be even 
greater  than the gain in economic mer i t  f rom 
selection by the quadrat ic  index based on these 
incorrect  values. 

An  idea of the emphasis that  should be 
placed on milk relat ive to test in selection of 
sires can be obtained by considering the selec- 

tion index weights for  the l inear index (Table 
3). The re la t ive  emphasis on milk to test  of  
5.5 in sire selection at  present  Hols te in  means, 
with milk valued at $ . l l 0 2 / k i l o g r a m  with a 
$ .0132/ki logram/1.0% differential,  is sl ightly 
less than the 7.4 ratio in selection of  cows (5) 
fo r  s imilar  conditions. The re la t ive  emphasis 
is, however, greater  than might  be inferred 
f rom the study by Spahr  (3),  who found that  
test was 47% as impor tan t  as milk in deter- 
mining income for  daughters  of  Hols te in  sires 
used in artificial insemination. The changes in 
the degree of  emphasis on milk relative to test 
fol low the same pa t te rn  as the relat ive selec- 
tion efficiency fo r  selection fo r  milk. As the 
value of milk increases at  a common test dif- 
ferential ,  the emphasis on milk should be in- 
creased and as the differential increases at  a 
common value fo r  milk, the emphasis on milk 
should be decreased. 

TABLE 2. ]~xpeeted genetic 
daughters at Holstein mean 
values. 

progress per generation in economic merit ($)~ from sire proofs on 50 
milk production and milk fat  percentage at nine combinations of economic 

Economic values Index 

Milk b Differential Quadratic Simplified Milk 

($/kg) ($/kg/1.0%) 
.1102 .0132 56.02 

.0154 56.02 

.0176 56.21 
.1213 .0132 61.70 

.0154 61.59 

.0176 61.66 
.1323 .0132 67.44 

.0154 67.24 

.0176 67.20 

55.91 (.998) c 53.40 (.953) 
55.92 (.998) 52.34 (.934) 
56.11 (.998) 51.29 (.913) 
61.59 (.998) 59.37 (.962) 
61.48 (.998) 58.31 (.947) 
61.55 (.998) 57.26 (.929) 
67.31 (.998) 65.34 (.969) 
67.11 (.998) 64.28 (.956) 
67.07 (.998) 63.23 (.941) 

a Selection intensity = 1. 
b Price/kilogram of milk at  3.5% test. 
c Selection efficiency relative to the quadratic index (R.S.E.). 

J .  DAII~Y SCIENCE VOL. 52, NO. 2 
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TABLE 3. Selection index weights for the l inear  
index and  their  relative size. 

Economic values Weights  b~% m 

Differ- Milk Test bto'tt 
.Milk" ential  (b~)  (bt) 

( $ / k g /  
($ /kg)  1.0%) 
.1102 .0132 .1689 123.42 5.52 

.0154 .1693 148.89 4.59 

.0176 .1696 174.37 3.93 
.1213 .0132 .1852 120.48 6.21 

.0154 .1857 145.95 5.14 

.0176 .1861 171.43 4.39 
.1323 .0132 .2018 117.54 6.94 

.0154 .2022 143.01 5.71 

.0176 .2029 168.48 4.86 

" Pr ice/ki logram of milk at  3.5% test. 

2. Changes in index values. 
Economic  mer i t  index values fo r  sires de- 

pend  on the means  f o r  mi lk  and  tes t  and  on 
economic values (Tab le  4) .  The sire t h a t  is 
h igh  fo r  mi lk  bu t  low f o r  tes t  has  a h ighe r  
index va lue  t han  the sire t h a t  is lower f o r  milk 
bu t  h ighe r  f o r  test,  in  a s i tua t ion  in  which  the  
mean  fo r  mi lk  is f a i r l y  low, the mean  f o r  tes t  
is f a i r l y  high,  and  the  dif ferent ia l  is $ .0132/  
k i l og ram/1 .0%.  This  r e su l t  is no t  unexpec ted ,  
bu t  i t  is wor th  no t ing  t h a t  the economic mer i t  
index values can be de te rmined  f o r  a n y  s i tua  ~ 
t ion  and  the bes t  sires can be chosen accord- 
ingly. 

The re la t ive  impor t ance  of changes  in means  
and  economic values is ind ica ted  by  the  corre- 
la t ions  between sire economic mer i t  index  val-  
ues u n d e r  var ious  s i tua t ions  (Table  5) .  These 
cor re la t ions  are  based on the  index values  fo r  
65 Ho l s t e in  sires in  the S e p t e m b e r  1967 Ar t i -  
ficial I n s e m i n a t i o n  Si re  S u m m a r y  p r e p a r e d  a t  
Cornel l  Univers i ty .  The corre la t ions  between 
economic mer i t  index values  a t  different  com- 
b ina t ions  of means  a re  h i g h  f o r  bo th  differen- 
tials. The corre la t ions  be tween index values  
a t  d i f ferent  different ia ls  are  also h igh  f o r  all  

combina t ions  of means.  Changes  in means  ap -  
p e a r  to be po ten t i a l ly  as i m p o r t a n t  as changes  
in differentials .  

The impor t ance  of changes  in  means and  di f -  
f e ren t i a l s  in  de t e rmin ing  economic mer i t  i ndex  
values can be examined  by  compar ing  the ex- 
pected  p rogress  in  economic meri t ,  i f  some 
other  m e a n  or  different ia l  t h a n  the one in the  
model of  mer i t  is used in  the index. The  ex- 
pected  p rogress  f rom us ing  a $ .0176 /k i log ram/  
1.0% different ia l  in  the  simplified index when  
the model of mer i t  includes  a $ .0132 /k i log ram/  
1.0% dif ferent ia l  is 97% of  the  expected p rog -  
ress f r o m  the  use of  a $ .0132 /k i l og ram/1 .0% 
different ia l  in  the simplified index ( fo r  mi lk  
valued a t  $ .1102/k i logram a t  p resen t  Hol s t e in  
means ) .  The loss in  economic mer i t  f rom the  
use of th is  incor rec t  di f ferent ia l  would be a b o u t  
$.35 p e r  cow p e r  yea r  and  would be cumula-  
t ive over  years.  Changes  in means  t ha t  resul ted  
in lower corre la t ions  be tween  sire index values  
would resu l t  in  co r respond ing ly  g rea te r  eco- 
nomic loss. 

Changes  in economic values  and  means can  
be t aken  into cons idera t ion  by  asing the  s impli-  
fied index wi th  the  a p p r o p r i a t e  means  a n d  
economic values. The a p p r o p r i a t e  means could 
be those f o r  some p o p u l a t i o n  in some geo- 
g raph ica l  a rea  or  f o r  some single herd  con- 
s idered to be  the p o p u l a t i o n  of  interest .  The 
best  m a t i n g  fo r  a n  ind iv idua l  cow could also 
be detetwnined, us ing  es t imates  of  the genet ic  
values  f o r  mi lk  and  tes t  fo r  t h a t  cow as the 
means in the  sire index. 

The index va lue  f o r  the  f u t u r e  offspr ing of  
some m a t i n g  can be f o u n d  as : 

Io = I ,  -4- I~/2, 

in  which Io, L ,  and  I ,  a re  the  index values f o r  
econolnic mer i t  of the offspring,  sire, and  dam, 
respect ively.  I n  t e rms  of  economic values,  
means,  a n d  index values  f o r  milk and  tes t  Io 
can be wr i t t en  as :  

TABLE 4. Economic merit  index values as calculated by the simplified index ( I ] )  for  two sires at  two 
combinations" of means of milk production and test  for two test  differentials with milk at  a base tes t  
of 3.5% worth $0.1]02/kilogram. 

Differential 
Milk Test 

Sire index index $.0132/kg/1.0% $.0176/kg/1.0% 

(kg) ( % )  
Combination Combination 

1 2 1 2 

1 580 --  0.15 51.20 46.00 50.90 40.00 
2 270 -~- 0.25 50 55.30 58.80 63.90 

" Combination 1 is a mean of 5,900 kg for  milk production and a mean of 3.90% for test. Combina- 
tion 2 is a mean of 7,700 kg for milk production and a mean of 3.30% for test. 
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TABLE 5. Correlations between sire economic mer i t  index values at  several combinations of mean levels 
of milk and milk f a t  percentage2 

Mean levels 5,440 kg 6,350 kg 8,160 kg 

Milk Test 3.30% 3.60% 3.90% 3.30% 3.60% 3.90% 3.30% 3.60% 3.90% 

(kg) ( % )  
5,440 3.30 .994 1.000 1.000 .999 .999 1.000 .988 .991 .993 

3.60 1.000 .995 1.000 .998 .999 .999 .987 .989 .991 
3.90 .999 1.000 .996 .997 .998 .999 .985 .988 .990 

6,350 3.30 .998 .996 .994 .992 1.000 1.000 .995 .996 .997 
3.60 .999 .998 .996 1.000 .993 1.000 .993 .995 .996 
3.90 1.000 .999 .998 .999 1.000 .994 .992 .994 .995 

8,160 3.30 .978 .974 .970 .990 .987 .983 .987 1.000 .999 
3.60 .984 .980 .976 .994 .991 .988 1.000 .989 1.000 
3.90 .988 .985 .982 .997 .994 .992 .998 1.000 .990 

Correlations of index values at  different combinations of mean levels of milk production and test  
for a differential of $.0132/kilogram/1.0% above the diagonal and for a differential of $.0176/kilo- 
gram/1.0% below the diagonal and at  the two differentials for each combination of levels on the di- 
agonal. 

(a, + a...#,)I,,,~ + a.-~,,I,~ + a'-,I,,~It~ 

in which 

Imp, I ,~  I,~,~ and  I ~  are index values f o r  mi lk  
and  tes t  f o r  the  s i re  and  mi lk  and  tes t  
f o r  the  dam, respect ive ly  (based  on in-  
f o r m a t i o n  on e i ther  one or  bo th  of the  
t r a i t s ) ,  

al and  as are  the economic values fo r  milk 
and  tes t  as described previously ,  and  
/z,~ and  /zt are  the a p p r o p r i a t e  mean  
levels f o r  mi lk  and  test,  de te rmined  as 
in  the p reced ing  discussion. 

This equat ion can be r e a r r a n g e d  as :  

1o = (a~ + a ~ , )  - 2 + ~ " ~  

A p roduc t  of  index values fo r  mi lk  and  tes t  is 
thus  involved in i ndex ing  f o r  economic meri t ,  
a l though  this  t e rm  does not  con t r ibu te  g rea t ly  
to I°. 

Conclusions 

Rela t ive  expected  genet ic  p rogress  in  eco- 
nomic mer i t  is nea r ly  equal  f o r  a quadra t ic ,  
a simplified, a l inear ,  and  a res t r i c ted  index 
fo r  eva lua t ion  of da i ry  sires. Select ion of sires 
f o r  milk p roduc t ion  only  would no t  be as  
efficient as selection by  the simplified index in 

increas ing  economic mer i t  for  any  of the  eco- 
nomic values  considered.  Rela t ive  efficiency 
increases,  however,  as the va lae  of mi lk  in-  
creases a t  an  u n c h a n g i n g  tes t  differential .  

Changes  in  s i re  economic  mer i t  index values 
can  occur  wi th  changes  in  means  of mi lk  a n d  
tes t  and  in economic values,  even though  corre- 
la t ions  between index  values are  high. The 
simplif ied index ( I I )  a p p e a r s  to  be a usefu l  
index to evaluate  sires in  any  s i tuat ion,  because 
index values  f o r  mi lk  and  tes t  can be used wi th  
any  means  fo r  p roduc t ion  and  tes t  and  any  
economic values to de te rmine  s i re  index values  
f o r  economic meri t .  
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