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Table 12. Analysis of variance for milk production for 3671

lactations

Source daf Sums of squares Mean squares
Total 3670 1583513

Bulls 60 272436 4541
Herds 678 757538 1117
Years 2 25174 12587
Seasons -1 18293 18263
BH 695 24784 36
BY 120 A 43173 . 360
BS 60 24489 408
HY 585 141492 242
HS 385 : 130188 338
YS 2 365 ; 183

Remainder 1082 145581 ‘ 135

B. Use of Deviafions to Estimate
Population Parameters
Use of herd averages to remove the effects of environ-
mental differencés among herds, years and seasons has been
discussed préviously. The 19,033 lactation records were ex-
pressed as de#iations from their respective herd averages in

the manner outlined. Each deviation was computed as follows:

| - njpq X + a
Ay = Xi5x - K [ ! P] , where
nipq"‘a
djkl = the deviation of the 1P lactation of the k'B daughter
of the ;'R buli
' h

xijk the age-corrected lactation production of the kt '
”daugh{er of the jth bull and calving in the i'P® herd-
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year-season
k' = &he regfession of a cow's productioﬁ on her adjusted |
stablemate average (%). This was assumed to be .85
based on the estimate reported by Heidhues et al. (1960)
a = the ratio of two variance components E% . This was

o}
computed from the data and found to betclose to 2.

p = true population mean. Since all records were ex-

pressed as percentages, with 100% considered average,
u was assumed to be 100. The actual average for |
43,498 lactations was 102%.

nipq = the number of st#blemates associated with the ap-
propriate lactation and x is the average of these
stablemates. Since hipq X is the total prodpction
of the sf;blemates, the total was used in the com-
putations.

Operationally, the computed deviation may.be written:

Djpgx + 200
Dipg + 2 ]°

djkl = Xijk - .85[

Table 13 shows the distribution of numbers of records
and mean production by years_and seasons for the period
studied. From Tablé 13 can be seen the increase in herd
size as reflected by the number of stablemates. This is
confounded somewhat with the increased use of artificial in-
semination, particularly from 1950 on. Paternal half-sisters

“of the cow in question were not included in the stablemate
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average. Consequently, in herds using natural service where
paternal half-sisters of similar age may have formed a large
part of the herd, the number of other stablemates was small.
With artificial insemination, several bulls may have been
used in one herd and over a period of years. This would re-
sult in more stablemates for the gomparisons, even though

herd size did not change.

Less tﬁaﬁ two percent of the records had no stablemate
average with which to make comparisons. Thus, the loss of
information was very small and presumably was more than off-
set by the increase in accuracy. The reason for such a
small loss in ihformation was that all records were used in
the herd averages. In cases where only first lactation pro-
duction has been used for herd averages, considerable loss
of information has occurred because so many paternal half-

sisters were contemporaries.

In Figure 5 are plotted by years the means for the BCA,
£ and dsxy of the records studied. Daughters of the 28
sfﬁdy bulls were first recorded for production in 1952 and
were not present in large numbers until 1953. Consequently,
Figure 5 contrasts the last five or six years data, being
more-ﬁearly a random sample of the population, with the data

from earlier years being a more highly selected sample.



Figure 5. Production averages for all relatives on an annual basis
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The analyses of variance for the dams and grandams as
well as daughters of the sires -and grandsires are given in
Tables 14 to 19 inclusive. Analyses were performed oﬁ both
the deviations and actual BCA figires. In the latter analyses
differences among herds were accounted for in the linear
model. By examining Figure.z and Figure 5, it can be seen
that a change in selectivity existed over the years and that
daughters of the different classes of bulls were milked over
different time intervals. In order to estiﬁate sire com-
ponents on a BCA basis, it would have been more logical to
describe in the linear model an effect due to herd-year-
seasons. However, this would have made it impossible to
estimate components within cows, since a cow only has one

record per herd-year-season.

Increased use of artificial insemination beginning in
the late 1940's must be considered in examining thenanalyses
for daughters of the sires and grandsires. Of the 8522
records made by daughters of the 21 sires, 8324 were made by
daughters of 16 sires which were used artificially. The
great majority of the 8522 records were made between 1949
and 1958. of the.6531 records made by daughters of the
paternal grandsires, 4463 were made by daughters of 6 paternal
grandsires which were used artificially. Only two of the 21

- maternal grandsires were used artificially. Daughters of
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Table 13. Average milk production by years and seasons for
relatives on BCA and deviation basis

No. AvV. no. A No. com- d.
. Year records BCA stablemates X parisons Jk1
1939 1 137 1 99 1 +53
1940 16 114 6 110 14 +21
1941 28 128 3 109 27 +35
1942 61 118 4 106 51 +27
1943 113 117 5 108 105 , +25
1944 180 123 7 114 168 +28
1945 222 119 8 113 218 +23
1646 319 120 7 113 302 +24
1947 373 118 7 114 364 +22
1948 364 120 6 113 356 +23
1949 461 123 9 116 437 +24
1950 610 118 8 112 585 +23
1951 892 110 9 107 872 +19
1952 1114 109 10 106 1097 +19
1653 1689 104 10 103 - 1666 +17
1654 2551 103 11 102 2523 +16
1955 3613 102 13 103 3577 +15
1956 2582 99 11 100 2433 +14
1957 3232 102 11 102 3215 +15
1958 612 104 . 5 103 566 +17
. Season
I 11798 107 11 105 11590 +17
CIX 7235 103 9 102 7085 +16

Qver-
all 19033 105 10 104 18675 +17
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Table 1l4a. Analysis of variance for daughters of sires--

deviations
Source of - :
variation df Mean squares Expected mean squares
Total | 8404
Among sires 20 11431.6 oz'+2.69oi+385.330%
Among cows/sires 4270 446.5 oi,+1.960§
Within cows 4114 154.3 gz'
- 2 _ -
o2 = 28.2 02 = 149.1 Dipg = 11
2 _ 2 2 2 2
Ogt = 1.050e+.080t+.050c+.050b
40’% 0%
= 034 + 010 —_—=T - +
0%+0§+0§ z °i+0§t .49 _ .Ql

Table 14b. Analysis of variance for daughters of sires--BCA

Source of ) _
variation - daf fean squares Expected mean squares
Total 8521
Among herds 1171 1247.6 o2+1. 9002+4. 42062+7.0402
Among sires/herds 1020 506.5 o2+1. 8402+3 2602
Among cows/sires/ 5 5
herds 2469 411.4 °;+1‘79°c
Within cows 3861  150.9 o%
> 2 2
4 c% 0%
> = .33 ' —-——'—2—— = .49
To*0e* T 0Z+0e
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Table 15a. Analysis of variance for dams--deviations

Source of

- variation - daf Mean squares Expected mean squares
Totai ;46
Among cows 23 2885.7 02 4+5.840°
Within cows 117 419.6 o2,
o = 422.3 niéq = 10
og, = 1:050§+.090%+.050§
—Sg—g— = .50 % .16
ci+°e'

Table 15b. Analysis of variance for dams--BCA

Source of ‘ )
variation df Mean squares Expected mean squares
Total 147
. . 2 2 2
Among herds 29 . 3074.2 og + 3.850c+ 4.790h
_ 5 X ,
Among cows/herds 7 993.4 o, + 4.4C07
Within cows 111 . 582.9 cg
2 _ 2 _
oy, = 359.4 o. = 93.3
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Table 16a. Analysis of variance for daughters of paternal
grandsires--deviations

Source of
variation d.f.. Mean squares Expected mean squares
Total 6396 .
Among sires 15 19384.4 02,+3.6002+384.610%
Among cows/ 5 5
sires ‘ 2848 526.7 de,+2.230C
Within cows 3533 178.3 o2,
2 - 2 - - >=
cb 48.5 o 156.2 nlpq 10
2 _ 2 2 2 2
Ot = 1’050e+’08°t+‘050b+‘050c
4og o
—=.511 .16 7 = .47 I
02 +02+0> og+ag s -01
b "c et ,

Table 16b. Analysis of variance for daughters of paternal
grandsires--BCA

Source of '
variation d.f. Mean squares Expected mean squares
Total 6530
2 2 2 2
Among herds 898 1712.9 o, +2.01g; +5.820} +7.050}
Among sires/herds 354 762.5 oi +1.94o% +3.590%
Among cows/sires/ 5 5
herds 1978 464.7 Oe +2.04oc
Within cows 3300 173.4 o2
2 = 2 2 _
2 2
4¢ a
P = .8 S = .a5

2, 2
c%+o%+o§ Gc*0e
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Table 17a. Analysis of variance for paternal grandams--

deviations
Source of
variation daf Mean square Expected mean square
Total 103
Among cows 22 1842.3 02 +4.4802
Within cows 81 709.6 cg,
o> =4252 8 ' n: = 10
c * ipq
2 _ 2 2 2
2
Oc
—-2——-2-'— = .26 t .11
Oc+oe:

Table 17b. Analysis of variance for paternal grandams--BCA

Source of
variation df Mean squares Expected mean squares
Total 107 |
Among h 02 2 2
Among cows/herds = 5  1566.5 02+4.05¢2
Within cows 80 748.3 ci
2 _ 2 -
op 98.0 e 202.0
2
Oc
-2 = .21
o2+to
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-Table 18a. Analysis of variance for daughters of maternal
' grandsires--deviations

Source of
variation | df Mean squares Expected mean squares
Total 3347
Among sires 19 4149.2 02 +4.3602+159. 0502
Among cows/sires 1284 652.8 c€,+2.54c§
Within cows 2044 200.1 Git :
2 2 _ A . =
62e= 1.0502+.090%+.0502+.0502
2
4o 2 :
b Oc _
—_— = .20 % (07 —_—= .47 t .02
2 2,02, Tl
°%+°%+°e' 9c*%et .

Table 18b. Analysis of variance for daughters of maternal
grandsires--BCA ‘ '

Source of
variation df Mean squares Expected mean squares
Total 3447 .
Among herds 555  1857.8  02+2.2602+5.4002+6.160%
among sires/herds 90 1044.0  o2+2.4802+4.7207
Among cows/sires/ 5 5
herds ' 910 628.4 oe+2.l6oc
Within cows 1892  203.8 o2
2 _ 2 _ 2 _ :
40% ' c%v
S5 = .63 55 = .49
2 2 g
7 27
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Table 19a. Analysis of variance for maternal grandams--

deviations
Source of _
variation df Mean square Expected mean square
Total 76
Among cows 21 1034.6 o§,+3.4zc§
Within cows 55 364.3 02,
2 _ -
2
02 = 1.0602+.1205+.0602
2
Oc

-:;Z:jz = .35 % .13 )
c et _

Table 19b. Analysis of variance for maternal grandams--BCA

Source of
variation df Mean squares Expected mean squares
Total 79
2 2 2
Among herds 28 996.3 ce+2.57cc+2.7lch
Among cows/herds 2 133.1 °2+2°10°i
Within cows ‘ 49 397.1 ci
o2 = 301.9 o2 = -85.2
%

— not estimated. .
oa+oz
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these two bulls made 1172 of the 3448 records of daughters

of all maternal grandsires.

Analyses of variance were performed on the deviations
to obtain estimates of the parameters to be used in estab-
lishing the index. For the deviations, all components of

variance "within cows” are compound quantities as illustrated

in Tables 3 and 4. The small amounts of o%, o%, c% and ex-
tra og are present because the regressed adjusted stablemate
N

average (X) is an estimate of the genetic merit of the true
stablemate average and as such depends on the number of
stablemates and the estimated genetic differences among

herds. With 10 stablemates in the comparisdns and an esti-

mate of .85 for k', the fractions of the variances in og,
are 1.0502, .Osoi,~.050i and for daughters of sires and grand-
2

sires .05¢ The se upward biases for the *'within cow'” com-

e
- ponent are small and lead to more conservative estimates'of-
the_parameters; The estimates of components of variance for
sires and cows would be unbiased if the number of stable-
mates (nipq)}were constant for all lactations. The component
of variance for sires is the variance among the means of
half-sister families; thus, estimates the phenotypic variance
of half sibs which is one-quarter of the genic variance. The

component for *cows within sires* contains three-quarters of

the génic variénce, all of the dominance variance and all of
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the variance due to interactions among non-allelic genes, as
well as any permanent environmental influences present
throughout a cow's lifetime. This is the most plausible ex-
planation for the differences in the components for sires and
"cows within sires' in Tables 14, 16 and 18. 1In Tables 15,
17 and 19 the components for cows contain all of thg additive
variance as well as that due to dominance, epistasis and
permanent environmental effects. Heritability estimates

were four times the paternal half-sister correlations. Samp-
ling errors which may be present in the estimates are magni-
fied as are any common environmental effects.peculiar to a

sire group and not properly accounted for in the linear model.

Repeatability estimates were computed for the dams and
grandams, as well as for the daughters of the sires and grand-
sires. These are the correlations among records for the same
cow and when used the assumption is made that the variances
and covariances of lactatioms made at different ages are
equal. The dams and gfandams were nearly all by different
sires. Hence, it was not possible to remove sire effects
in the linear model. Due to the small number of degrees of
freedom and the highly selected nature of the data, the esti-
" mates fof the dams and grandams cannot be regarded as reli-
able. Estimates obtained from dams and grandams might be ex-
pected to be lower than those obtained from daughters of

sires and grandsires because dams and grandams each had a
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substantial number of records. Thus, the effects of con-
secutivity in making their records similar were reduced.
Daughters of bulls had on the average about two records each.
Thus repeatabilities were based almost completely on con-
secutive records. This would have biased upwards the esti-

mates obtained from their records.

Little is known about the distributions of components of
variance or ratios of the components, Osborne and Paterson
(1952). 1If it is assumed that the ratios used to estimate
heritability and repeatability are normally distributed,'ap-
proximate confidence limits can be computed for the estimates
at a specified level of probability. The estimates for the
deviations of various classes and their.approximate .95 con-
fidence intervals are given as follows:

Class Heritability Confidence Repeatability Confidence

interval interval
2 .34 (.14-.54) .49 - (L46-.52)
3. .50 (.18-.82)
4 .51 (.19-.83) .47 (.44-.50)
5 : 26 (.05-.47)
6 20 (.06-.34) .47 (.44-.50)
7 . .35 (008‘.62)

The confidence intervals are at best a rough approximation
since the distributions are unknown and the existing compu-
tational procedures are based on equal subclass numbers. How-
ever, they do indicate that the apparent differences among

the estimates for the various classes could largely be due to

sampling variation and inadequacies of the models used to
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describe the situations.

The estimates based on the deviations are for inter-herd
use over a population. These estimates are necessary in an
artificial insemination program for the initial selection of
young bulls on their relatives' phenotypés and for the final
selection based on progeny tests of the bulls themselves.
Intra-herd estimates based on actual BCA production are in-
cluded strictly for comparison and will not be considered

further.
C. Indexing Bulls

Breeding values of 28 bulls were predicted uSing the
index procedure described in Section III, B, wherein informa-
tion available on the parents and grandparents was used. To
proceed with the indexing, the expected correlations among
the different phenotypic averages had to be evaluated. These
correlations were computed from the variance components §b-
tained from the data. As previously discussed, the herita-
bility estimates obtained er the different pedigree classes
were based on very few degrees of freedom among sires; thus,
they were subject to considerable sampling error. 1In fact,
the approximate confidence intervals indicated that perhaps
most of the éppérent differences among the estimates could

have been due simpiy to sampling. A more reliable estimate
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of heritability, as far as concerns sampling variance, was
obtained from Table 8. This estimate was based on over 5,000
degrees of freedom among sires. The estimate was four times
the sire component divided by the sire component plus the
remainder component. The actual value of this estimate was
.207 and with standard error so small as to be inconsequen-
tial. Estimates of repeatability were very similar from
analyses based on daughters of the sires and grandsires and
were much more reliable than the heritability estimates based
on progeny differenées among the sires or grandsires. For
this reason, a single repeatability estimate of .476 was ob-
tained and used throughout, although'it contained more con-

- secutivity than would be among records of cows who had three

or more records each.

Computing the expected correlatiéns among individuals
becomes simple if the correlations among the phenotYpes and
genic values are first calculated. Phenotypic correlations
ére dependent upon environmental correlations, heritability,
repeatability and the number of observations makiné”up the
phenotypic averages. Assuming that the environmental cor-
relation, heritability and repeatability are constant, only.
the number of observations could influence the correlation.
Numbers of daughtefs have much more effect om the correla-

tion between a sire's genic value and his daughter's average
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than do numbers of records per daughter. From Section III,
B, the correlation between the sires genic value (Gy) and

~the average of m daughfers Py ignoring the number of records

r _h m
GpPy ~ 2\ 1+(m-1)t

per daughter, is:

where t is the paternal haif-sister correlation.. This was
computed frbm the variance components and found to be .052.
If the correlationm between paternal half-sisters ié wholly
genic, then 4t = n2. However, under any real circumstances
there is almost bound to be some environmental correlation
between half-sisters. Then, considering t to comnsist of a
genic portion g and an environmental portion e, t = g + e
and 4(t - e) = h2. Assuming that e is zero, the correlation

3/ m
between a bull's genic value and his daughters is/p+i18.335 .

However giving limiting e values of .01 or .04, the corre-

- o ‘ m .
lations ari PP ES Y] and\ [F500+4.33m * Tespbectively.

These correlations illustrate that'any environmental corre-

lations at all can limit the usefulness of increased numbers
of progeny in estimating breeding worth of sires. The ex-
pected correlation between the genic value of a cow and the

average of her n records is:

2 ' '
= /—Bh® : .
ch§C 1+(o-1Dr and in this case can be

expressed as —\/ n

2.53+2.30n
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Table 20 shows the expected correlations and regressions
for sires with different numbers of observations and environ-
mental correlations between half sibs of 0, .01 and .04.
Correlations and regressions for cows with different num-
bers of records are also shown. In this thesis, the corre=
lation between paternal half-sisters was assumed to be com-
pletely génetic and the correlations from the first column
of Table 20 were uSéd throughout. ‘In order to evaluate the
expected correlation between the daughters of a sire and
the daughters of a paternal grandsire (rp2p4), the correla-

tion is considered as follows:

TP,y T TPyGy TG,G, TP4G, Where rg g, equals one-
half and.rPZGé and rp,G, are obtained from the tables.

Consanguinity was not considered important emnough to
have much effect on the correlations. Some inbreeding did

exist in the pedigrees studied, but it was not intense.

An example of the index calculated under the assumptions
is given here. In this hypothetical case all bulls have 50
daughters and the dam and grandams have 5 records each.

A detailed description of the procedures is given in the

Appendix.



86

Table 20. Expected correlations and regressions for sires
with different numbers of daughters and cows
with different numbers of records

m e=0 n2= .207 e = .01 1= .168 e= .04 h3=.048
TGpPy PGPy, TGPy, bGPy, T6pPp OGPy
1 .227 . .052 .204 .042 L1100 .012
2  .314 .098 .283 .080 .152  .023
3 .375 .140 .338 .114 .182  .033
4  .423 .179 .381 .145 .205  .042
5  .463 .214 .417 .174 .224  .050
6 .496 .246 .447 .200 .239  .057
7 .526 .276 .473 .224 .253 .064
8 .551 .304 496 - .246 .265 .070
9 .574 .329 .517 267 276 .076
10 .594 .353 .535 .286 .286  .082
15 .671 = .450 .603 .364 2322 .104
20 .722 .522 .650 422 .348 .121
25 .760 .577 .683 L467 366 .134
30 .788 .620 .709 .502 2379 .144
35 .810 .656 .729 .531 .390 .152
40  .828 .686 .744 .554 2399  .159
45  .843 .710 .758 .574 .405  .164
50  .855 .732 .769 .591 411,169
100 .919 .845 . .826 .682 .442  .195
200 .957 .916 .860 .739 . .460 212
300 .971 .942 .872 .760 .467  .218
400 .978 .956 .878 771 .470 .221
500 .982 .965 .882 .778 472 .223
600 .985 .971 .885 .783 473 224
700  .987 .975 .887 .786 474 225
o 1.000 1.000 .898 .806 .481  .231
n B2=.207 1 =.476 a h2= .207 r=.476
T6cP, chﬁé . TG P, chié
1 .455 .207 6 .606 .367
2 .529 .280 7 .612 .375
3 .564 .318 8 . .618 .382
4 .583 - «340 : 9 .622 .387 ..
5 .597 .356 © 10 .625 .391
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From the first column of Table 20 it can be seen fhat
50 daughters of a bull or 5 records on a cow give good esti-
mates of genic values. Thus, in the index presented, the
paternal grandparents contribue little information. Due to
the rather high repeatability; additional records on the dams
or grandams do not contribute much additional information.
The correiétions here are limited by heritability and re-
‘peatabilify and hence will not be as 1arge as those that éan
be'obtained betﬁeen a sire and his daughters, particularly
when a sire is used heavily in artificial insemination.
The maternal grandsire can contribute a substantial amount
of information to the index. 1Imn any event, it is useful to
include the grandparents in order to accommodate the éases

where little information is available on the sire or dam.

If an attempt is made to improve genic merit by selec-
tion on phenotype, the success 6f selection is dependent
upén the correlation bétween genic worth and phenotype.- In
the present case, the correlation is obtained from the square
root of the sum of the products of thé standard partial re-
gression coefficients with the correlations between the re-
spective ancestor and the bull being indexed. Kempthorne
(1960) referred to this correlation aé a measﬁre of the %ef-
ficiency™ of a predictor. For the example R = .550: this

indicates that the example index predicts a bull®s genic
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value about as well as eight daughters of the bull himself.

The genic values of the 28 bulls as estimated: (1) by
their ancestors and collateral relatives only and (2) by
their progeny only are shown in Table 21. For the bulls
studied, the information on the daughters was about one and
one half times as "efficient” as the pedigree information.
That is, improvement in the breed average genic level would
be about one and one half timés as much if bulls were selec-
ted on D as if they were selected on I. This does not con-
sider that I could be‘observed about sik years earlier than
D and with mu;h less expense, or that I and D could be com-
bined. The number of daughters per bull varied widely,
actually being less than 30'in six cases and less than 20
for three bulls. The product moment correlation‘computed
between the two sets of estimates was .32, but this value is
highly uncertain as it rests on only 26 degrees of freedom
and some of the observations are based on small amounts of
data. The sample variance for the index (25.77) was slightly
higher than that for the daughters (19.01) but not statis-

tically significant.
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Table 21. Estimates of breeding value for 28 bulls

Index Daughters No. daugh-

Bull only Ry only Rp ters Rp/Ry
1 101.4 .599 100.5 .896 74 1.50
2 i14.8 .580 103.2 .568 287 1.67
3 107.5 .605 101.6 . 866 54 1.43
4 103.2 .605 95.4 .787 32 1.30
5 116.0 .596 110.0 .931 119 1.56
6 110.4 .544 - 95.4 .950 175 1.75
7 110.1 .533 89.0 .931 117 1.75
8 - 103.7 .602 99.8 .953 183 1.58
9 101.2 .548 87.5 .912 92 1.66

10 98.6 .588 104.3 .866 56 1.47

11 105.7 .597 101.9 - .866 57 1.45

12 119.0- .480 101.8 .713 19 1.49

13 108.6 .578 104.4 .582 453 1.70

14 113.3 .587 100.4 .971° 295 1.65

15 106.1 .518 102.1 .810 35 1.56

16 110.6 .581 . 104.C .919 99 1.58

17 107.8 .578 102.0 .310 36 1.40

18 108.0 .591 100.3 .968 277 1.64

19 108.3 .498 94.3 .760 26 1.53

20 103.7 .605 103.2 .704 18 1.16

21 102.7 ..490 101.9 .760 26 1.55

22 116.4 .592 101.6 .890 70 1.50

23 113.3 .587 98.7 .985 618 1.68

24 107.3 .486 99.2 .023 1 0.05

25 110.7 .591 97.2 .760 25 1.29

26 103.0 .580 91.4 -856 50 1.48

27 105.4 .576 99.8 .915 96 1.59

28 105.7 .588 100.7 .926 1.57

110
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VI. DISCUSSION

Use of herd averages has been widely advocated to cor-
rect sﬁch differences among lactations as are caused by
~variation among herds. The assumption is usually made that
all of the differences among herds are enviromnmental. The
intra-siré fegression of the daughter of a bull used arti-
ficially on her stablemate average can be used to estimate
the amount of genetic differences among herds. The value of
this regression assumed for the present study was .85 based
on reports from the literature and some previous research.
Computational procedures made it difficult to obtain an actu-
al estimate before deviations were obtained. According to
Pirchner and Lush (1959) this estimate would yield an esti=-
mate for gemetic differences among herds of .30. It was
possible in the lattexr stages of the analysis to obtain an
estimate of inter-herd genetic differences based on daughters
of the study bulls. The regression in this case was that of
a daughter's BCA production on her adjusted herd-yeat;season

stablemate average. Results of the analysis are as follows:

Source of variation daf Variance Covariance
Total 5787 107.7 84.4
Among sires 27 | 1609.2 -2055.1
Within sires 5760 100.6 - 94.5

This yields an estimate for the regression of .94 based on
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5,760 degrees of freedom. If heritability is computed as
2[1-k*] an estimate of .12 is obtained which is quite similar

to that quoted by Pirchner and Lush (1959).

The type of deviation used in this thesis is one of
many beingAused to evaluate breeding values. VanVleck et
al. (1961) indicated that this type of deviation was less
variable than thebseveral other types of deviatiéns studied.
- This property, coupled'with unbiasedness seem desirable.
Using the Variance components computed in the thesis and the
formula for the variance given on page24 an estimate of 416
was obtained for the variance of a single deviation, assuming
10 stablemates per record. The expectation of a deviation
was +15 percent BCA. Thus the deviations have a mean of 15
percent BCA with a standard deviation of 20.5 percent BCA.
The data from the pedigrees of the 28 bulls had an average
deviation of 17 percent BCA and were slightly skewed towards

the upper tail of the distribution.

Henderson et al. (1954) have shown that the "best" esti-
mate in a statisficﬁi sense of a cow's real producing ability,
based on a single lactation, is given by her actual produc-
tion minus the regressed deviation of her herd-mateé from
the average of all herd-mates in a specified population.

This estimate may be developed ahd written in the terminoiogy

of this thesis as:
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X:o - k'[x:: - p]

Producing ability ijk ij

=K'mobxjax - X5

ki + djg

Since k'u is a constant, only djkl need be considered in
estimating producing.abilify when different numbers of
‘stablemates are involved. The above estimate is for a
‘single lactation of a cow. When breeding value is estimated
from the mean of several records om a cow then repeatability
and heritability must be taken into account. In equation
fqrm the ""best" estimate of a cow's breeding value based on

n records is:
n

| o
'+ 3.53 + 2.30n LKA+ d5 - Al

EBV = p

which can be rewritten

' n
n a—
-t .
A [1 *3.53 + 2.300 |® 1{] *2.53 + 2.30n 9jk.

For a sire with m daughters and ignoring the number of records
per daughter, the "best® estimate of bieeding value is
m m
= e e — h I ————e—t—————
EBV = ; [1* @+ 18.35 X 1{] *a 1835 9.,
These values were used to calculate the expected breeding

values in Table 21 of the 28 bu}ls studied.

Yearly and seasonal differences seemed to contribute
little to the variation among records. However, if definite

trends in production exist over a périod of years, then such
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systematic yearly differences can bias the estimates of sire
components of variance even within herds. This was made
evident in Tables 14, 16 and 18 where, even with few degrees
of freedom for sires, the components for sires within herds
tended to be higher than those obtained from the herd-year-
season deviations. This was particularly true where'sires

- in a specific pedigree class had daughters milked over the
entire‘period studied. The compongnts'estimated for cows
within sires were much more similar, as would be expected,
since the time interval over which daughters of one bull
were ﬁilked would nearly always be less than the total study

period.

In order to establish the necessary correlations used
in the index, two paramefers haq to be estimated. These
were heritability and repeatability. The former was obtained
by multiplying the patermal half sister correlation by four.
The latter was calculated as the intra-class correlation
among records on the same cow. Heritability estimates based
on paternal half-sister correlations can be in considerable
error if effects exist which cause systematic differences
among the progeny groups of diffefent sires. Increasing the
number of daughters per sire will not reduce this type of |
bias but will reduce errors which may exist because of dif-
ferences from daughter to daughter within the same sire group.

Any biases which do exist among progeny groups are multi-
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plied by four when heritability is estimated. Large numbers
of sires should reduce the importance of biases among progeny
groups. In the present case, the heritability estimate was
obtained from over 5,000 sires and included records made

over only a five year period. Thus, effects of biases amoﬁg
progeny groups and those due to long time trends were probab-
ly minimized. "If the estimate of .207 which was obtained is
correct and paternal half sisters have néthing iﬁ common
except the genes which they inherited from their sire, then
iﬁcreasing.thé number of daughters will improve the accuracy
of the estimate of the breeding worth of that sire. On the
other hand, if repeatability really is as high as .476, then
~only moderate increase in accuracy of estimates of breeding
values of cows can be achieved by increasing the number of
records per cow. Most of that which can be done’will be ac-

complished with the second record or, at most, with the third.

For practical purposes, once a cow has three or four
records or a bull has 40 to 50 daughters; little is gained
by waiting for additional iﬁformation. These values may both
appear rather high. However, in pedigree selection comnsistent-
ly good production is a desirable attéibute of the direct
female relatives. 1In fact, for many persons actively engaged
in pedigree selection these values would form a minimum. A
time interval of about six years occurs between the time a

bull is born and production information is available on his
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daughters. From past experience in artificial breeding,
once a bull's first daughters furnish some production in-
formation, a substantial number of daughters will furnish
information within a short period. Thus, requiring 40 to

50 daughters is perhaps not too restrictive. This can be
applied to many privately owned bulls also, because breeders
. who are using the bulls in their own herds sell semen to

other herd owners.

In establishing the selection index, it is eséential to
clarify the purpose for which the index is to be used. The
Mendelian mechanism sets definite limits on the accuracy of
predicting breéding values for single bulls from information
on ancestors and collateral relatives, even if genic values
of those relatives could all be determined correctly. On
the other hand, prediction of average breeding value for a
group of bulls is not thus limited. Operators of artificial
insemination cooperatives constantly receive numerous pedi-
grees for young bull calves or even for calves not yet borm.
Some method of dividing these calves into groups based on
their pedigree estimates of breeding worth is needed serious-
1y, as only a small fraction of these can actually be bought
and progeny-tested. This need has been felt especially be-
cause many of the pedigrees come from little known herds
where the herd owner has mated what he thinks are his best

cows artificially to bulls known or supposed to be of superior
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merit. Many such potential bulls have been ignored in the
past simply because the herd was not advertised and widely
known. This index procedure was developed to provide some
way to rank bull calves on their pedigree information, so
that the fraction most likely to beﬂsupérior sires could be
investigated more closely and if still apparently superior,

could be entered into a young sire sampling program.

The present index considered only ohe economically im-
portant characteristic, that of milk productien. Physical
appearance or type may be considered important enough to in-
clude in an index. If consideration of type is given equal
or more weight than production, the reach for productiﬁn is

“severely restricted. Perhaps for the commercial dairyman
desiring cows that can forage for themselves and which are
conducive to efficient milking, the desirability‘of good
udder conformation and strong feet and‘legs'are important
enough to warrant consideration of this by those who pick
bulls for the studs. Good temperament and easy milking
qualities are also important to the commercial dairyman.
Enough genetic variability among these characters appears to
xist ip dairy cattle populations to ﬁerit some consideration
when selecting young bulls for artificial use. Milk produc-
tion still provides the greatest source of income for dairy

farmers. Considering other characteristics reduces the chances
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available to select for increased production. Thus, the

ma jor portion of selection ability should be devoted to milk
production, with other characteristics playing a less im-
portant role. This is particularly true for groups of young
sires going into sampling programs. After the young sires
have progeny, they can still be selected on a combination of
characteristics. However, it is essential to put into a

" sampling program a group of bulls as good as possible gen-

-etically for production.

Most operators of artificial insemination organizations
realize that the costs prevent their testing enough young
bulls to make waximum genetic progress. However, most units
have ample opportunity to make pedigree selection and most
spend much time doing so. The findings of this thesis in;
dicate that pedigreé estimates can be about as useful for
predicting breeding values for milk production as nine orx
ten daughters of ‘a bull. However, this assumes that no en-
vironmental correlations exist among paternal half-sisters.
In actual practice, pedigree estimates might be as useful as
five or six daughters in predictihg breeding values. Pedi-
.gree information is available af or before the time selec-
tion has to be made and costs a very small fraction as mﬁch
as producing and testing nine or ten déughters. Even ex-
cluding sons of first or second calf heifers or of bulls with

less than 20 daughters does not 1limit the possible intensity
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of selection by artificial insemination units as much as it
would limit the average intensity of selection by a large
group of breeders using natural service, simply because

fewer bulls are required for use artificially.

Using deviations to correct for differences among herd-
year-seasons, the overall estimate of breeding value based
on the pedigree index was 108% BCA; for the daughters the
estimate was 100% BCA. One explanation given for the higher
pedigree estimate is the selectivity present in the pedigree
data. When the bulls were grouped by associations the num-
bers were very small but there was some indication that dif-
ferent units varied in their abilities or desires to select
for'high breeding values for milk production. In some areas
of Ontario, many cattle are exportéd annually as springing
heifers. Since these heifers are untested themselves and
most of them come from untested herds, they are purchased at
least partially on their type. Breeders in these areas prob-
ably péy more attention to type often at the expense of some
production. The intra-unit correlétion coefficient between
index and daughter estimates was .36 based on 20 degrees of

freedomn.

In the index, the amount of information that can be ob-
tained from the dam is restrictéd by low heritability and

high repeatability. Also, dams of bulls are usually treated



99

preferentially and no certain method can be applied to cor-
rect for this. For these reasons it may be useful to in-
clude records made by daughters of the dam and to consider
the dam and her daughters in a family average. A few tabular
values could be derived which would cover most -daughter-dam
combinations. The means of the daughteré and dam would form
a composite which would be used in the equations for index-
ing bulls. If the daughters of a dam were included, not
6nly would the accuracy of the expected correlation between
phenotype and genic worth be increased, but also the effects
of preferential treatment would be reduced particularly if

the dam had several daughters.

The present index is an attempt to emable the sire se-
lection personnel to weigh the pedigree production informa-
tion available more objectively. It is a rough guide for
selection and considers only milk production. For these
reasons it may be rather restricted in its application. How-
ever, even under the simplifying assumptions made here, the
computations involved may be found tedious. To include many 
more characteristics in an index would lead to such complex-
ity that usefulness would definitely be restricted. The
writer feels however that sentimentality often overrules ob-
jectivity when selecting young bulls for productive perform-

ance. This index is merely an attempt to keep the two in
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their proper perspective. Indexes of similar nature have

been derived by Legates and Lush (1954) for cows and by

J—

Heidhues et al. (1961) for young sire selection.
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VII. SUMMARY

Data for this study consisted of the milk production in-
formation for the parénté and grandparents, as well as the
daughters, of 28 Holstein Friesian bulls used artificially in
Cntario. A total of 19,033 1actation$ made from 1939 to
1958 were included. When these lactations were expressed as
deviations from regressed adjusted herd-year-season stable-
mate‘avérages, fhe number ofvobservations was reduced to
18,675. The average number of stablemates in a herd-year-

season group was 10.

Causes of variation in milk production were investi-
gated in 43,498 lactations, parf of which were independent
from the above data. Components of variance for bulls, herds,
vyears, seasons and their first order interactions were esti-
mated by the analysisiof variance for cross classification.
Variation among sires accéunted for 3%.0f the total variance
based on 5,082 degrees of freedom. Differences between herds
accounted for 26% with 1,096 degrees of freedom. Years and
seasons accounted for 1% and 2% with four and one degrees of
freedom, respectively. The component for sire x season inter-
action accounted for 12% of the total variance with 2,172
degrees of freedom. Further investigation iﬁdicated that
this was due to the disproportionaté use of sires in the two

seasons.
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Analyses of variance for the parents and grandparents
on the deviations and BCA production indicated that the de-
viations were effective in removing biases due to time trends
within herds. DBecause the degrees of freedom used to esti-
mate sire 60¢pdnents were few,'reliable estimates of herit-
ability could not be obtained. A pooled repeatability esti-
mate of .476 based on lactations of 7,170 cows was calcqlated.
This estimate and a value for heritability of .207, calculated
from the variance components, were used to calculate the ex-

pected correlations for the selection index.

Correlations among the different classes were derived
following the theory of path coefficients. These values were
used in the index equations. For the index itself, informa-
tion on the parents and grandparents was used to estimate a
bull's breeding value. Additional correlations among the an-
cestors due to consanguineous matings were ignored, as those

were few and mild.

Comparison of estimated breeding values based on daugh-
ters! production with index estimates indicated that for the
bulls studied the former estimates were about one and one-
half times as efficient as the latter. The product moment
correlation between the two types of estimate for 28 bulls
was .32 but with the degrees of freedom so few, the 95% con-

fidence limits are mnecessarily wide. The biology of the
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situation suggests that this value for the correlation would

not change greatly with increased numbers of bulls studied.

Estimates based on pedigree‘information'were about as
efficient as eight or nine daughters in estimating breeding
values. However, the assumption was made that all of the

correlation among paternal half-sisters was genic.
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X. APPENDIX

To illustrate the actual procedures used in computing
the index for a particular bull, consider the example index
where all bulls have 50 daughters and all cows have 5 records
each. The expected correlation between the average of 50
‘daughters and the genic value of the bull is .855 from column
one of Table 20. Also from column one of Table 20, the ex-
pected value of the cérrelation for the cow is .597. The
correlations among averages of different relatives can be
expressed in tabular form when genic relationshipé are con-
sidered: (The B's are the values which maximize the corre-

lation between the predicted and actual breeding value).

PP, * 3 FPZGZ TP,G, = '5('855)(f855) = .3655
Tpyp, = s N TPGs = .5(.855)(.597). = 2552
ri;épé = 3 TP3G3 TPeG, .5(.567)(.855) = .2552
rp_p, = ¥ Tryq, 2,67 = .5(.597)(.597) = .1782
256, * % Tp,G, = -4275 TpgG, = ¥ TPGg " .1492
rPBGl = 3 IpoGy = .2985 TP4Gy = 5 TP Gy = .2138
IP4G1 = 3 Ip,G, = .2;33' TP.G, = 3 rP7G7 = .1492.
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B2 B3 Bs Bs Be B TG P,
0 0 .3655 .2552 0 c .4274
3655 1 0 0 .2552  .1676  .2985
.255: 0 0 0 0 0 .2138
0 0 0 1 0 0 .1492
0 .2552 0 0 1 0 .2138
.1782 0 0 0 1 .1492

The p's may be obtained by algebraic substitution udsing the

formulas given in the thesis.

4275 -(.3655)(.2138) -(.2552)(.1492)
By = = .3806

1 - (.365532 - (.2552)2

B = -2985 -((.2552)(.2138) - (.1782)(.1492)_ 2406
3 1 - (.2552)2 - (.1782)2

B, = .2138 - (.3806)(.2655) = .0747

Bs = -1492 - (.2552)(.2806) = .0521

Bg = -2138 - (.2406)(.2552) = .1524

By = .1492 - (.2406)(.1676) = .1089

The relative importance of the different relatives can be
expréssed in score card form using the B's. It is proper

to use the p's rather than the b's because a unit of varia-
tion in actual measure would be a bigger share of the stand-
ard deviation in a rather uniférm variable than in a variable
which had a wide standard deviation. Giving the sire's daugh-
ters a score of 100 and expressing the other B's as fractions

of the B,, the scores are as follows:



Sires daughters -s----cemmccm e e e 100
Dam =-cmcccmmm e e e e e e - 63
Daughters of paternal grandsire =------c-cecmemcccmccaaoo 20
Paternal grandam =--e-ecccccmcr e e e e 14
Daughters of maternal grandsSire =---=emmemececmemcomconno 40
Maternal grandém ------------------------------ —————————e 26

The B's are standard partial regression coefficients
which must be multiplied by the proper estimate of'EEi to
, op.
obtain the concrete regressions to be applied. 1In *
this case the correlations between the phenctypic average
and the genic value are .855 and .597 for bulls and cows

respectively. The following partial regression coefficients

are thus obtained:

b, .3254
by .1441
b, -0639
bs  .0311
b,  .1303
b,  .0650
.7598

For the deviations used, the expectation of a single
deviation is (1 - k')p. Assuming k¥ = .85 and u = 100,

the value of the expectation (u') is 15. The index equation
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may be written in terms of deviations or BCA. In order to
express the estimate of a sire's breeding worth on a BCA

basis the equation is:

I =100 ; .33(P2-}5) + .14(P3—15) + .06(Py-15) + .03(P5-15)A
+.l3(P6-15) + .06(P7-15).

The index may then be written:

I =100 - 15(.7598) + .33P2 + .14P3 + .06P4 + .O3P5 + .13P6

+ .06P7

where the P; are the arithmetic averages of the deviations
from regressed adjusted stablemate averages. In this case
R = .554. Comparing this value with column one of Table 20

indicates that this pedigree yields about as much informa-

tion on the bull's breeding value as eight daughters.



