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PREFACE

Implementation of the Modified Contemporary Comparison is the
culmination of approximately 4 years of research and development
by USDA-ARS scientists, data processing personnel, and
various cooperating university researchers.

Results of such research are made available in the publica-
in the form of five articles that are:

1.

An Introduction to the USDA-DHIA Modified Contemporary
Comparison. Describes reasons a new genetic evaluation
procedure for dairy cattle was needed in the United
States. It also describes in general terms the improve-
ments in the new procedure over the formerly used USDA-
DHIA Herdmate Comparison.

Theoretical Background for the USDA-DHIA Modified Con-
temporary Comparison Sire Summary Procedure. Describes
the underlying mathematical models and their derivation.

Procedures Used to Calculate the USDA-DHIA Modified
Contemporary Comparison. Describes step-by-step proce-
dures, dataflow, and formulas used in the USDA-DHIA
Modified Contemporary Comparison computing system.

The USDA-DHIA Modified Contemporary Comparison Cow Index.
Describes the changes that were made in the Cow Indexing
procedure concurrently with the adoption of the Modified
Contemporary Compariscn for sire evaluation.

Procedures for Approximating Components of Predicted
Difference. Presents concepts and formulas, including
tables, for approximating components of Predicted
Difference in the field including procedures for estimat-
ing Repeatability, the Modified Contemporary Deviation,
and the Genetic Group Average.

These materials should be of interest to educators, research-

students, industry personnel, breed societies, and dairymen
who are involved in the genetic improvement of dairy cattle.
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THE USDA -DHIA MODIFIED CONTEMPORARY COMPARISON
SIRE SUMMARY AND COW INDEX PROCEDURES

AN INTRODUCTION TO THE USDA-DHIA MODIFIED CONTEMPORARY COMPARISON

F. N. Dickinson, R. L. Powell, and H. D. Norman,
respectively, chief, research geneticist (animal), and research
scientist (genetics), Animal Improvement Programs Laboratory,
Animal Physiology and Genetics Institute, Northeastern Region,
Agricultural Research Service

The USDA-DHIA Modified Contemporary Comparison (MCC) was
implemented in the fall of 1974 to replace the USDA-DHIA Herdmate
Comparison that had been used for national genetic evaluations of
dairy cows and bulls since 1962. The Herdmate Comparison had been
modified twice: (1) In 1965 to subtract the breed average from
Predicted Average (PA) to obtain what was called Predicted Differ-
ence (PD), and (2) In 1967 to add Repeatability (R) to the
Predicted Difference formula. Implementation of the Modified
Contemporary Comparison was the culmination of approximately 4
years of research and development work by USDA scientists and data
processing personnel and various cooperating university research-
ers.

The adoption of the Modified Contemporary Comparison was
necessitated by the rapid genetic progress that had occurred under
the Herdmate Comparison due to its immediate marked improvement in
accuracy over the Daughter-Dam Comparison. The acceleration of
genetic progress starting in 1962 caused some of the important
assumptions underlying the Herdmate Comparison to become unten-
able. The most important of these assumptions were:

(1) All the sires, dams, and herdmates that are involved in a
bull's summary are random samples of one single genetic
population in each breed.

(2) There 1is no genetic trend in each population; i.e.,
breed.

The genetic progress in U.S. dairy cattle (negating assump-
tion 2) has occurred to varying degrees in different herds and
different regions of the country and thereby negated assumption 1.
This differential rate of progress has been due to a number of
factors. Primary among these is the more extensive use of higher
PD bulls in some herds and areas than in others. Two other
important assumptions were:



(3) There is no differential culling among the daughters of a
bull compared with their herdmates.

(4) Each bull's daughters receive no preferential treatment
over their herdmates.

Assumption 3 (no differential culling) became untrue in large part
because of the superior genetic information available to herds
enrolled in the National Cooperative Dairy Herd Improvement
Program (NCDHIP). Herds proving bulls may have different selec-
tion criteria for a bull's daughters than criteria for their
herdmates. Such selection has been more effective in the past few
years with the help of NCDHIP information. Potential bias from
herdmate culling is less of a problem in the Modified Contemporary
Comparison because daughters' first records are compared primarily
with first records made by contemporaries. Any biases due to the
failure of assumption 4 (no preferential treatment) to be true
were not handled as effectively as possible because of the heavy
weighting given to the daughters of a bull in a single herd.

The Modified Contemporary Comparison reduces the need to make
any of these assumptions. This is done by improved ,statistical
techniques and improved procedures for weighting the data avail-
able for each bull's evaluation.

Some understanding of these improved procedures can be
gleaned from a comparison of the two basic formulas. In the
Herdmate Comparison equation, four basic parts can be identified.

PD = R [D-HM + 0.1 (HM-BA)]

(1] [2] [3] [4]

Part [1] was the Predicted Difference (PD) or estimate of genetic
transmitting ability expressed to an unknown moving genetic base
in each breed. The base was changed each year. Part [2], Repeat-
ability (R), was both the accuracy of the evaluation and also a
regression factor used in calculating PD. Part [3] was the
average deviation of daughter production (D) from the herdmate
production (HM). Part [4] was an approximation to adjust for
genetic differences among herds to account for the level of
competition provided by the herdmates. This correction was based
on the assumption that on the average 20 percent of the differ-
ences between a herdmate average (HM) and the breed average (BA)
were denetic differences. One-half of this difference, or 0.1,
was credited to the sire being evaluated. The other half of the
genetic difference, that from dams, was assumed not to affect sire
summaries.



The performance of the daughters was regressed toward zero.
In other words, all bulls were considered to have an expected PD of
zero with no progeny information. This can be shown by the
addition of a fifth term to the Herdmate Comparison equation.
Thus,

PD = R [D-HM + 0.1 (HM-BA)] + (1-R) O.
— — —_—

(11 [2] [3] [4] (5]

Part [5] does not change the value of any PD because the term "1-R"
is always multiplied by zero. However, this addition to the
equation reminds us that whereas the daughter deviation received a
weight of R, say 0.30 (for a 30% R bull), the other 0.70 (or 70%)
came from zero. As R increased, more weight was given to the
deviation and less to the assumed initial value, zero.

Much has been learned about dairy cattle genetics since the
midsixties. Although the Herdmate Comparison formula was a major
advancement in accuracy when it was adopted, we now have developed
more accurate procedures for the genetic evaluation of dairy bulls
and cows.

The Modified Contemporary Comparison contains a number of
improvements that correct weaknesses in the Herdmate Comparison.
The Modified Contemporary Comparison equation can be shown
diagrammatically as follows:

PD74 = R (D - MCA + SMC) + (1 - R)GA
———’ — ——

[11 [2] [3] [4] [5]

Part [1]l .--One: improvement in the Modified Contemporary
Comparison is designated by the term "PD74". This signifies the
adoption of a new genetic base concept called a Stepwise Genetic
Base. This new genetic base eliminates the problems of comparing
bulls over time that resulted from the moving genetic base .
formerly used. Under the Stepwise Genetic Base procedure all
bulls are summarized to the same base within breed so all
summaries are directly comparable, within breed. 1Initially, the
genetic base is related to the average calving date of the records
used in the fall 1974 summaries. The Modified Contemporary
Comparison PD's can be readily distinguished from PD's calculated
by the herdmate method by including the genetic base designator
along with the PD that is, PD 1974. When genetic change warrants,
the base will be changed. The standardization of all estimates of
genetic merit to the same genetic base should increase the
accuracy of pedigree evaluations and increase the genetic gain
from selecting bulls and cows on the basis of pedigree
information.




Part [2] .--The new R is calculated by using an improved
formula that accounts more accurately for the within and between
herd variation that exists in the present dairy cattle population.
For a bull with daughters in many herds, the new R may tend to be a
bit smaller due to the new weightings. This is because each record
receives a weighting that considers days in milk, number of
Modified Contemporaries, and the number and average R of sires of
the Modified Contemporaries (explained in Part [3] below). This
" results in a slightly smaller and more accurate weighting for a
given situation than in the past, when all records were treated as
though they were 305 days in length and had an infinite amount of
information on herdmates. The R may be a few percentage points
higher than in the past if there is a highly disproportionate
distribution of daughters across herds. This slight increase in R
results from a more accurate weighting and greater emphasis on new
daughters in new herds (in the summary) in proportion to large
numbers of daughters and records in any one herd. Therefore,
another characteristic of the new R is that the influence on the
sire summary is considerably limited for any one herd having a
high proportion of the bull's daughters.

Part [3] .-~-The term "D - MCA"™ introduces a new concept into
sire summaries, called Modified Contemporary Average (MCA). The
term "Modified Contemporaries™ means that the average with which a
daughter record is compared is calculated by the use of contempo-
rary groups (herdmates that are of a similar age). Two con-
temporary groups used in the Modified Contemporary Comparison are:

Contemporary Group 1 includes just first lactations.
Contemporary group 2 includes all second and later lactations.

The MCA is calculated primarily from the contemporary information.
That is, from Contemporary Group 1l records if we are dealing with a
daughter's first lactation or from Contemporary Group 2 records if
we are dealing with a daughter's second or later lactation. In
addition to this, the noncontemporary average (Contemporary Group
2 records for a daughter's first lactation and vice versa) 1is
included, but counted the equjvalent of only one additional
contemporary. Deviating the daughter lactation record from
Modified Contemporaries rather than herdmates removes some
problems from herdmates being selected for yield and also reduces
errors from age factors not fitting any one herd perfectly. On the
other hand, noncontemporary herdmates still contribute, and
daughter records can be utilized even though they have no
contemporaries. The difference of each daughter's record from MCA
is weighted according to how much information is available. The
old difference from herdmates (D,;- HM) was an average difference,
but the difference from Modified Contemporaries (D - MCA) is a
weighted difference. In the Herdmate Comparison each daughter
with a given number of records has the same degree of influence on
D - HM. In the MCC a daughter in a new herd has much more
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influence than an additional daughter in a herd that already has
daughters.

The calculation of MCA also includes an adjustment for the
selection bias that occurs due to culling for yield after first
lactation. This adjustment increases the benefits derived from
the use of the MCA over the former herdmate average.

Part |4] .--The sires of the Modified Contemporaries (SMC) are
used to estimate the average genetic merit of the cows (Modified
Contemporaries) to which a bull's daughters are compared. This
adjustment is a major improvement over the previously used crude
approximation of 0.1 (HM - BA).

In the Herdmate Comparison, a herdmate level above breed
average was assumed to mean that the herdmates were genetically
better than breed average and vice versa. Certainly this 1s not
always true. A genetically inferior herd could have a high
average production due to an especially high input of feeding and
management. Therefore, Part [4] of PD74 considers the genetic
merit of each individual herdmate sire to obtain SMC.

The beneficial impact of parts [3] and [4] of PD74 are
greatly increased by a technique called iteration. In this
technique, repeated estimates of genetic merit on each sire are
used to make the adjustment for the sires of the Modified Con-
temporaries more accurate in each succeeding round of iteration.
This iterated adjustment for the genetic merit of the sires of the
Modified Contemporaries has two primary benefits:

(1) It accounts more accurately for the genetic 1level of
competition a bull's daughters are up against at a given
point in time, and

(2) With repeated iterations and sire summary runs it
accounts for differences among bulls due to genetic
trend, thereby eliminating one of the most troublesome
sources of bias in the Herdmate Comparison.

Part" [5] .~-The inclusion of pedigree information is one of
the most valuable improvements in the Modified Contemporary
Comparison and at the same time one of its most controversial
aspects. Traditionally estimates of genetic merit of bulls have
ignored ancestor information that could be valuable in predicting
breeding worth. The MCC was designed to utilize information on
the genetic transmitting ability (GTA) of a bull's sire and
maternal grandsire in addition to the yield of his daughters.
Other ancestors are presently excluded for the following reasons.



(1) The sire and maternal grandsire are the two closest
ancestors whose GTA is usually known with a high degree
of accuracy.

(2) Research has shown that if sire summaries with at least a
medium range of R are available for the sire and maternal
grandsire, the remainder of pedigree information adds
little to the accuracy of pedigree evaluation.

(3) The cost of using information only on bulls is very much
less than that on cows because of the differences in the
size of the data files on bulls vs. cows. The major cost
increase that would be incurred to utilize cow informa-
tion in the pedigree evaluation cannot be justified
because there is not a commensurate increase in accuracy.
However, the use of cow information would undeniably have
considerable public relations value.

The relative value of pedigree information varies according
to the amount of progeny information available. With little or no
progeny information, a bull's pedigree 1is of considerable
importance for estimating his expected GTA. Pedigree information
is very useful for selecting bulls for progeny testing. It is a
valuable addition to the sire summaries with lower R, especially
single-herd summaries. It is clear that valuable pedigree infor-
mation has been overlooked in the past probably due at least
partly to the complexity of including it with daughter informa-
tion. Obviously, a bull should not be widely used in Artificial
Insemination (AI) on the basis of nothing but pedigree
information. We would not have suitable confidence in his genetic
superiority. On the other hand, the suggestion that pedigree
information is worthless, or is worthless as soon as any progeny
data are available, is equally unjustified. That is tantamount to
denying that yield is inherited. The proper way to utilize
pedigree information is to weight it along with progeny
information according to the genetic worth of each source. This
is exactly what the MCC does. The genetic grouping procedure
makes use of pedigree information in a manner that is very close to
Selection Index Theory but in a slightly conservative manner,
giving pedigree information slightly less emphasis than is
justified by genetic theory.

Here is how the MCC makes use of pedigree information.
First, a Pedigree 1Index for genetic transmitting ability is
computed for each bull from sire and maternal grandsire
information. Second, bulls are divided into classes within each
breed depending on the presence or absence of sire and maternal
grandsire information and ranked within classes. Third, each
ranking is divided into genetic groups, each group usually
encompassing about a 50-pound range in milk yield. Fourth, a
group average is calculated for each genetic group. The genetic
group average is factor GA in part [5] of the PD74 formula. The
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range in values of the genetic group averages will usually be less
than the range of the Pedigree Indexes. We do not anticipate that
any GA for any breed will go beyond the range of +1,200 pounds of
milk under the 1974 base. 1In fact, over half of the bulls in each
breed have group averages within the range of -200 to +200.
Hopefully, this distribution will be shifting upward because of
genetic progress.

Two other major improvements were adopted at the time of
implementation of the MCC. Records—-in-Progress (RIP's) were
included where available in all sire summaries. This is an
outgrowth of the USDA's previous procedure where a separate
Preliminary Sire Summary run was conducted that included RIP's. A
study 1/ showed that the Preliminary Sire Summaries were accurate
predictors of the later Official Summaries and that it would be
beneficial to include RIP's in the Official USDA-DHIA Sire
Summaries and Cow Indexes. These RIP's have been made available
to USDA through the cooperation of the Dairy Records Processing
Centers and the financial support of the National Association of
Animal Breeders.

New USDA-DHIA Age and Month-of-Calving Factors 2/ were also
implemented. These factors were calculated by improved procedures
that account both for age of the cow at calving and the month of
the year in which she calved. These factors enable more accurate
standardization of lactation records used in NCDHIP, in genetic
evaluation and other research.

Most of the improvements in the MCC that result in more
accurate Sire Summaries also increase the accuracy of the Cow
Indexes. This occurs for two reasons:

(1) The direct increase in accuracy of evaluating each cow's
individual yield data as shown in parts of [3] and [4] of
the PD74 formula.

(2) The increased accuracy of genetic information of each
cow's sire that results from the MCC and is used in the
Cow Indexing procedure.

Details of the new USDA-DHIA Cow Indexing procedure are
described in the fourth article of this publication.

l/Powell, R. L., H. D. Norman, and F. N. Dickinson. 1975.
Analysis of the USDA-DHIA preliminary sire summary. J. Dairy Sci.
58:551-557.

2'-/Norman, H. D., P. D. Miller, B. T. McDaniel, and others.
1974. USDA-DHIA factors for btandardizing 305-day lactation
records for age and month of calving. U.S. Agr. Res. Serv. ARS-
NE-40, 91 pp.



THEORETICAL BACKGROUND FOR THE USDA-DHIA
MODIFIED CONTEMPORARY COMPARISON SIRE SUMMARY PROCEDURE

H. D. Norman
research scientist (genetics), Animal Improvement Programs
Laboratory, Animal Physiology and Genetics Institute,
Northeastern Region, Agricultural Research Service

In 1962 the Herdmate Comparison replaced the Daughter-Dam
Comparison as the Official USDA-DHIA sire evaluation procedure.
The change created the opportunity for dairymen using this infor-
mation to increase manyfold their within-herd genetic improvement.
Over a period of years such improvement created problems in the
accuracy of the Herdmate Comparison because bulls were not used
randomly and daughters of individual bulls were compared with
herdmates of substantially different merit.

In 1970 Cornell University implemented a linear model
procedure for sire evaluation with the Northeast AI Sire
Comparison,l/  -The procedure compares daughters of artificial
insemination (Al) sires on their first lactation records. This
summary eliminated the need to assume that the bulls were mated at
random with respect to other bulls and also considered that the
bulls selected were not of a single population. USDA's commitment
to evaluate all bulls made it unfeasible to utilize this model.
The required techniques for obtaining solutions for the number of
bulls needed was not available in 1971 when an alternative to the
Herdmate Comparison was initiated at USDA. Whether these tech-
niques can be developed to the paint where mixed model methods can
be utilized in the near future for the number of bulls required
needs to be determined.

In evaluating all bulls, a procedure seemed necessary to
adjust for the location or distribution of daughters across herds
in addition to the number of daughters. Considerable controversy
still exists over whether sire summaries need to include more than
first lactation records. The . exclusion of second and later
records simplifies procedures by not having to consider individual
cow variation or the extent of selection in herdmates, and allows
the use of a smaller data file. Sampling variance of sire esti-
mates can be reduced by including more than first records,
principally because of the additional daughters with comparisons,
and also because of some additional records on each daughter and
additional herdmates in each comparison. The unanswered question
seems to be whether bulls' gfankings on the performance of their
daughters at various ~lecations change enough to be worth
considering. -

l/Cornell University, Department of Animal Science. 1970.
Northeast Al Sire Comparison. Ithaca, N.Y.
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Selection Index Theory has been widely used in the field of
animal breeding. Because of the complexity, however, there has
been a reluctance to expand its use in sire evaluation to consider
information on other reiatives when daughters are available.
Pedigree information is more reliable than a single herd summary.
2/ Such information can be as valuable as having nine daughters
in nine herds. Therefore, a substantial increase in accuracy can
be achieved by including the additional information in (1) the
first summaries of most bulls and (2) all summaries of low Repeat-
ability (R) bulls. The success of using pedigree information in
predicting the future performance of bulls' daughters has been
shown in many studies 2/ ‘Such success would seem to be underrated
because most pedigree estimates were based on the Herdmate
Comparison procedure. This additional information on relatives
should be included in the sire estimates.

In 1971 the following procedure was developed as an alterna-
tive procedure to eliminate the major weaknesses in the Herdmate
Comparison method. In the process of changing the procedure a
number of additional revisions to the dairy record system were
made. Among these were the implementation of new age-month of
calving adjustment factors 3/ and the inclusion of in-progress
records of more than 40 days.,4/-) The first summaries calculated
using these new procedures were dvailable to the dairy industry in
the fall of 1974.

Improvements in Weighting for Accuracy of Information

The USDA-DHIA Herdmate Comparison 5/ was one of the few sire
evaluation procedures used that made any adjustment for environ-
mental correlations. 1In that method, the R of the sire summary was
influenced by the distribution of daughters across herds. The
estimates of the sire's transmitting ability (Predicted Differ-
ence) was thus affected because the sire's R was used to regress
the daughter-herdmate deviation to the population mean.

Z/Norman, H. D. Factors that should be considered in a
national sire summary model. 1974. J. Dairy Sci. 57:955-962.

é/Norman, H. D., P. D. Miller, B. T. McDaniel, and others.
1974. USDA-DHIA factors for standardizing  305-day lactation
records for age and month of calving. U.S. Agr. Res. Serv. ARS-
NE‘.40 e

i/Powell, R. L., H. D. Norman, and F. N. Dickinson. 1975.
Analysis of the USDA preliminary sire summary. J. Dairy Sci.
58:551~-557.

2/Plowman, R. D., and B. T. McDaniel. 1968. Changes in USDA
sire summary procedures. J. Dairy Sci. 51:306.
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In the USDA-DHIA Herdmate Comparison procedure, if a large
number of daughters were added in a single herd when there were
single daughters in several herds, the R of the sire summary could
actually decrease. The summary was less reliable because a larger
proportion of the progeny information was from one herd and equal
weight was given to the yield of each daughter having the same
number of records. If information were combined in a more
effective manner (that is weighting by the expected accuracy of
information considering the environmental correlation), the adding
of daughters in any herd would result in at least a slight increase
in the Repeatability of the summary. Sire summary procedures that
ignore environmental correlation, if it exists, overestimate R,
therefore giving less than optimum estimates of transmitting
ability if some herds have more than one daughter.

The USDA-DHIA Herdmate Comparison 6/ considered herd effects
as random and in calculation added a single regional breed-year-
season average into the herdmate average, resulting in the
adjusted herdmate average. Each adjusted herdmate average was
then given equal weight for comparison to the daughter yield in
combining information across daughters. Daughters with larger
numbers of herdmates by greater numbers of sires provided more
information about a bull's true genetic merit than did those with
only one or a few herdmates but did not receive proper credit for
the additional information provided.

The daughter and herdmate milk yield are defined in the new
procedure with a model which more completely considers known
genetic and environmental sources of variation. The sire summary
model uses the distribution of daughters across herds to give more
effective evaluations assuming environmental correlation |is
present. Daughter milk yield is explained by the following model:

= HT, + S, + (HS) , +

Yhgijk hg hegij T Shgijk

where,

thijk is the yield of the kth record of the jth daughter of
the ith sire in the hth herd and gth year-season;

HThg is an effect common to all observations in the gth year-
season in the hth herd;

S; is an effect common to daughters of the ith sire;

(HS),; 1s an effect common to daughters of the ith sire in the
hth herd;

é/See footnote 5, page.lﬁ
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Ch.ij is a cow effect of the jth daughter of the ith sire in
the hth herd; and,

®hgijk is unexplained variation associated with the kth

record of the jth daughter of the ith sire in the hth herd and
gth year-season.

Each effect in the model except HThg is assumed to be an

uncorrelated random variable distributed with mean zero, and
variances, Iozs,Iczhs,Iozc or Ioze, respectively.

Thus, for example, the variance of randomly selected records
in a specific herd is:

Var (Y = E{[HThlg + Si + (Hs)h'i + C

h'gijk’ h'gij ¥ ®h'gijk!

- 2
E[HTh,g + si + (HS)h.i + ch,.ij + eh'gijk]}

= E{[si + (HS)h,i + C + e

hrgis hraisel P
#ij gij

=E{Szi + (HS)? hri * c? + e? + Cross Products}

i h'gij h'gijk

= 2 + 2 + 2 + 2
g %hs Oc O'e

Likewise,

the variance of randomly selected daughter records of a
specific sire in a randomly selected herd is:

Var(Yhgl jk) = (Jhs + 0 + o? e’

the variance of randomly selected daughter records of a
specific sire in a specific herd is:
= 2 2
Var(Yh'gi'jk)} OC + 0o e’
and the variance of randomLy selected records of a specific
cow in a specific herd is: 2
Var(Yh 'gi j'k) = 0%
Since each herdmate's y1eld'18 described with the same model
as each daughter's, the variancq of total or average herdmates'’
yield for a sire can be calculated in the same manner. For the
herdmate yield, the cow and error effects are confounded since
each herdmate has but one record in the herd and season of
interest. Thus, |

3hgij = Chgij * ®hgijk-
11




The model is therefore:

thij = HThg + Si + (HS)hi + ahgij'
where,
Si = the herdmate's sire effect, distributed with mean
zero and variance IOZS, i=1, ..., B,
ahgij = cow + error effect of the herdmate, distributed with

mean zero and variance I(o?> + o2 i =1, n,_ ..
(0* . o) J r TR

The ith sire of herdmates has Nphgi Progeny in the gth season
]

in the hth herd. For simplicity in definition bull i', whose
daughters are being evaluated, was excluded from summation thus
giving herdmate yield instead of herd yield. The herdmate average
(Yh'g' ) for daughters of the i'th sire in the g'th season in the

h'th herd is:

_ B nh'g'i B
Yh'g'-. =i£l jzl Yh'g'ij/nh'g'.=[nh'g'-HTh'g' +i£lnh|g|isi
B B nh‘g'i
+Zn, 4:;(HS) ,. + % )} all"]/nll
i=1 h'g'i h'i i=1 j=1 h'g'ij h'g'.
The variance is, therefore:
Var(yhlgl-.) = E{thgu.._E(§h|gl..)}2
B B B "h'g'i
=E{n_, . HT,, + +Z n,.y 4:5:. + L nyy ,:(HS), ,. + T by R
h'g'.""h'g i=1 h'g'i™i i=1 h'g'i h'i i=1 j=1 h'g'ij
B B
E(nh'g'-HTh'g')-Ei(ilnh'g'isi)—Ei[Elnh'g'i(HS)h'i]
B nh'g'i
- 2
E:EZ_—;]_ ]E_]_ ahlgllj)} /nhlgl
B
- 2
—](_z;]_nh|g|1 /nh'g‘ ) (o S + Ozhs) + Uza/nhlgl




B
= 2 2 2 2 2 2
i(zzlnh'g'i /nhlgl. ) (o s + 0 hS) + (O'c + Oe)/nh'g'.

The variance of daughter-herdmate deviations of individual
records are calculated in the same manner as the variances of
daughter yield and herdmate average yield. Each cow's records are
then combined weighting by the inverse of their variances, thus
utilizing the accuracy with which each appeared. Following this,
daughter averages are also combined within and between herds by
the inverse of their respective variances. Examples of the
weighted daughter averages and their variances used in combining
daughter information are given below:

Weighting records within daughters.--The variance of daughter
herdmate deviations [Dh'gi'j'k =_Yh'gi'j'k - Yh'g..] of randomly

selected records of a specific cow (j') are:

B
+ I n
i=1

(02 + o2

2
Var (D h'giz/nh'g. ] hs)

= 2
hlgiljlk) O'e
[1]
2 2
+(0*, +'°'e)/nh'g.
This variance is used in combining information across records
within daughters. The resulting weighted deviation from herdmate

average (Bh' i.j..f)for rh'i'j' records of the j'th daughter is:

’B rhliljl
heoivge. SH 0 20 Phgiegee/
(2]
L havy
Var(Dh|gi.j.k)}/{ kE]_ 1/Var(Dh|gilj|k)}o

The variance of weighted aveiage herdmate deviation yields of
rh'i‘j' randomly selected records of a specific daughter is:

SR
h'i'j"
Var('ﬁhl.iljl.)’l/{ ki:;]_ l/Var(Dh.gi.j.k)} . [3]

1

‘ If all the daughter's records have an equal number of herd-
,mates and herdmate sires with the same distribution of herdmate
\sires, then, [

Var(i\jhl.iljl.) = Vari(Dhlgiljlk)/rhlilji'
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Weighting daughter information within herds.~-The variance of

weighted average herdmate deviation yields (Bh. ) of randomly

.i'j.
selected daughters (j) with rh'i'j records in a specific herd (h')

sired by a specific bull (i') is:

a?

Var(Bh'.i'j.) * Y%

+Var(8h|.iljl.)' y [4]

This cow variance is used in combining information across daugh-
ters within a specific herd. The resulting weighted daughter

deviation from herdmate average (Bh' i ) for dh'i' daughters of
the i'th bull for the h'th herd is: = °°
S : d
3 RIS var (3
h'.i'.. j=1 h'ei'd. ar toh

h'i® 5
)}/1 ¥ 1/Var (D,

. )} .[5]
j=1 )

.i'j. +i'j
The variance of weighted average herdmate deviation yields
(Bh'.i'..) of dh'i' randomly selected daughters with unequal
numbers of (rh'i'j) records in a specific herd (h') sired by a
specific bull (i') is:
Apryo
Var(Bh..i;..) = 1/{ j§1 l/Var(Bh.

)}. (6]

.i'j.

If all cows have the same number of records and herdmate informa-
tion, then the expected cow variance is the same for each cow, and

) = varB g0 /a0

Weighting information across herds.--The variance of daughter
information from each herd is used in weighting across randomly
selected herds. This variance of weighted herdmate deviation

yieldi(Bh.i...) of dhi' randomly selected daughters with unequal

n,
Var(Dh.

numbers of (rhi'j) records in any randomly selected herd (h) sired
by a specific sire (i') is:
: N,
Var (B, ;1 ) = o?yg + Var(By. ju ). {7]
The weighted daughter deviation from herdmate average (B;.i' )

across p different herds for bull i' is thus: e
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p
¥ -={r; (B,

¥ > B
st T .)/Var(.h_i.._)}/l{]z 1/var (Dy ;4 )} [8]

=1 ¢

The variance of weighted average herdmate deviation yields
GRS

of (r

) of 4 i randomly selected daughters with unequal numbers
hivj) records from p randomly selected herds sired by a
specifiéibﬁﬁliti'}gis:

l/Var(B’h.i. )} . [9]

n p
Var (D it ) = l/{Z

.ei'.. h=1 .o

As indicated in equation 7, as the numbers of daughters and
records increase 1in any randomly selected herd, the expected
variance of average yield aproaches the herd-by-sire variance.
The variance of weighted yield in a single herd cannot decrease
below this, thus placing an upper limit on the value of informa-
tion coming from one herd. If, in contrast, the daughters are
located in more than one herd (equation 9), the expected variance
of weighted herdmate deviation yield can approach zero as the
number of herds in the sample increases. If the herd-~by-sire
variances in the procedure were assumed to be zero, the weighf}ng

7

across herds would be the same as in the Herdmate Comparianhf

Considering the Genetic Level of the Herdmates' Sires

The changes in weighting thus far described give an improved
Herdmate Comparison sire evaluation. Without additional improve-
ments, however, the procedure would be most effective when all
bulls are from a single population and selected for use at random
within each herd. The more genetic differences among subpopula-
tions, the greater the bias in ranking bulls in a Herdmate
Comparison procedure.

Therefore, a second and very important modification is made
to the Herdmate Comparison. Each daughter-herdmate deviation is
adjusted for the average genetic value of the herdmates' sires.
This change results in a measure of the differences among all
bulls instead of the difference between each specific bull and the
average of whatever other bulls are represented in the daughters’
herdmates.

The herdmate deviation is replaced by a modified deviation.
This means in simplified terms that the equation for the herdmate
deviation: 5

l/See footnote 5, page l&.
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(Daughter Average - Adjusted Herdmate Average) +
0.1 (Adjusted Herdmate Average - Breed Average)

is replaced by:

Daughter Average - Herdmate Average + Average Genetic Merit of
Herdmate Sires.

The improvement in the modified deviation formula over the
0ld herdmate deviation is that each daughter-herdmate deviation is
adjusted for the genetic merit of individual herdmates' sires.
Thus, the "average" correction for the genetic level of the herd
is replaced by a correction for each individual herdmate's sire.

Correcting for genetic differences in herdmates' sires
requires a change in the expected variance from equation 1. The

variation attributed to the herdmates' sire (OZS) is reduced to

zero if these bulls have accurate information and intermediate for
sires of herdmates with lower Repeatabilities.

The variance of a daughter's records deviated from herdmate
average adjusted for the average genetic value is considered in
this procedure to be:

= 0% + 0% {

Var(Dh'gi'j'k) e s

Mgy (1R P/nyag 2
[10]

% of

™ m

2 2 2 2
hs{i nh'gi }/nh'g. e o (je)/nh'g.'

1

The adjustment for herdmates sires 1is used to calculate
repeated and improved modified deviations by a procedure known as
iteration. That is, the correction to the daughter-herdmate
difference for each individual herdmate sire is repeated. The new
modified deviation on each sire is again used as improved correc-
tions in calculating the average genetic value on herdmates'
sires. This iterated adjustment for genetic merit of the
herdmates within herd and season eliminates the bias that exist
when bulls are not selected at random. Iterating on a within herd-
year basis eliminates genetic differences in herdmates' sires
among bulls sampled at the same time and genetic differences for
those sampled at different times (genetic trend).

Adjustment for genetic differences in herdmates' sires to
produce the modified deviations results in meaningful phenotypic
differences among daughter yield for most bulls in the data (the
few bulls not compared in the same herd-year-season with other
bulls receiving wide distribution cannot be evaluated by this
procedure). Iterated bull differences in daughter yield are
unregressed with respect to the number of daughters and thus do
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not reflect that portion of the differences due to heredity versus
environmental variation. The modified deviations are, therefore,
multiplied by the Repeatability, and in this manner are regressed
to the genetic group means.

The R of each sire summary is calculated by:

0,2
R = — = .
o s + Var(D..i'..)

Combining Pedigree Information with Daughter Yield

In the Herdmate Comparison, daughter yield was regressed
toward zero. Thus, no advantage was taken of the fact that
additional information was available about the population from
which the bull was selected. This pedigree information can be
considered if bulls having similar pedigree indexes are grouped
together and individual bull deviations are regressed to the
average performance of the bulls' daughters in that group.
Assuming there are a sufficient number of bulls in each, the group
average represents the genetic merit for transmitting ability of
the population from which the bull was selected while the
individual bull deviations represent a combination of both
phenotypic and genetic variation. A sire estimate of transmitting
ability is calculated by regressing the bull deviation to the
genetic group average using the Repeatability:

Sire's Estimated Transmitting Ability = Genetic Group Average +
R (Modified Deviation - Genetic Group Average)

If pedigree grouping is an ineffective method of character-
izing bulls from different populations, then all group means will
be nearly equal and information on relatives will not improve
estimates of sires' transmitting ability. If pedigree grouping
proves to be as effective as theory suggests, substantial accuracy
will be added in predicting milk and fat yield of the future
daughters of most bulls.
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PROCEDURES USED TO CALCULATE THE USDA-DHIA
MODIFIED CONTEMPORARY COMPARISON

F. N. Dickinson, H. D. Norman, R. L. Powell, L. G. Waite, and
B. T. McDaniel, respectively, chief, research scientist
(genetics), research geneticist (animal), supervisory computer
specialist, Animal Improvement Programs Laboratory,
Animal Physiology and Genetics Institute, Agricultural
Research Service, professor, Animal Science Department,
North Carolina State University

The description of the Modified Contemporary Comparison that
follows is complete and detailed. A step-by-step summary of the
flow of data (fig. 1) and operations actually executed in the
system during the first run in the fall of 1974 are presented.
Before final specifications ,weye developedra brief description was
written. The following supendedes the briefer one.

The procedures used to calculate the USDA-DHIA Modified
Contemporary Comparison were developed over a period of several
years. Implementation of these procedures required the reprogram-
ing of the scientific part of the USDA computing system. The early
part of the computing system was left essentially the same as in
the USDA-DHIA Herdmate Comparison, that is, the editing and file
updating referred to in the upper left (unnumbered) block of
figure 1.

The first additional operation required by the Modified
Contemporary Comparison (MCC) is to look up the identification of
the maternal grandsire in the female pedigree system for each new
registered bull entering the system (step 1). For each bull the
maternal grandsire identification is required in addition to the
sire identification for placing bulls in appropriate genetic
groups during the summary. Each bull's sire identification is
already available in the master sire identification file from the
early part of the system.

The next step (2) is to decide which bulls are to be sum-
marized in this run. The critera for summarization have been
changed slightly from the herdmate comparison for several reasons:

® The USDA files have over 1 million bulls with at least
one daughter.

® A partial history run was made in fall 1974 so that most
of the older bulls that still have any daughters milking or are
prevalent in pedigrees were summarized by using the Modified
Contemporary Comparison.

°® The cost of resummary is high and little new information
is gained from resummarizing bulls born over 20 years ago.
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The criteria for summary may have to be changed slightly over
the next several sire summary runs until they can be stabilized.
The criteria for summary are somewhat arbitrary because not all
the information that would be desirable for making the decision is
available at the point in the system where the decision must be
made.

Once the bulls to be summarized have been designated, their
daughters' lactation records must be collected for analysis (step
3). The records come from the master sire file and current
records. Master sire file records are those that have been
submitted for previous Sire Summary runs. Current records are
those that have been submitted for the current run. Two types of
current records are completed records and Records-in-Progress.
Completed records are those of 305 days or less with a USDA-DHIA
Lactation Termination Code 1/ indicating that the cow went dry or
stopped milking for some other reason. Records-in-Progress
contain the latest available yield for cows that were still
milking when the Dairy Records Processing Centers pulled records
from their files to send to USDA for the Sire Summary run. Only
Official DHI and DHIR records are used.

Records that fall into two categories are pulled from the
master sire file. These are (1) records made by cows whose sires
are being summarized this run and (2) previous records made by
cows that have a current record (step 4). All registered cows from
these two categories are cow indexed.

The Modified Contemporary Comparison takes into account the
genetic merit of each individual contemporary's sire. That is,
the sire's weighted average unregressed Modified Contemporary
Deviation milk and fat and Repeatability (R) are added to each
current record (step 5). The same sire information must be added
to master file records for daughters of bulls that were summarized
in the previous Sire Summary run. This will be done in step 7.-
But first the current records must be sorted to breed-herd-sire-
cow sequence to update the herd master file. This is shown as the
sort between steps 5 and 6 (fig. 1).

Then several steps are performed by one of the more complex
programs in the system. The herd master file is updated with
current records (step 6). The records already in the herd master
file are updated with the lastest sire's deviation milk and fat
and Repeatability from sires that were summarized in the last Sire
Summary run (step 7). The value zero is used for the sire

1/King, G. J., and B. T. MéDaniel. 1970. USDA termination
codes~-What are they? Why are they used? How are they used? U. S
Agr. Res. Serv. ARS 44-221: 2- 7r
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information for daughters of bulls that have never been summa-
rized. At the same time all records to be used in the Sire
Summaries and Cow Indexes are standardized to a 2X-305 day-ME
basis 2/ and the length of lactation weighting factor is looked up
for each record (step 8). Each lactation is weighted according to
its length, based on the phenotypic correlation between 305-day
records and shorter records. These correlations are shown in
table 1.

Table 1.--Phenotypic correlations between records of 305 days
in length and shorter durations

Months in milk

Cow 1 2 3 4 5 6 7 8 9 10

2~year-olds 0.72 0.83 0.88 0.92 0.94 0.96 0.97 0.98 0.99 1.00

3~year-olds
and over .60 .74 .82 .86 .91 .93 .96 .98 .99 1.00

This weighting for lactation length is done both for Records-
in-Progress and for completed records of 1less than 305 days.
Then, the dynamic monthly herd totals are calculated separately
for Contemporary Groups 1 and 2 (see below) for later use in
computing the rolling 5-month Modified Contemporary Average for
each daughter lactation record (step 9). At the same time that the
dynamic monthly herd totals are being calculated, all records to
be used in the Sire Summaries and Cow Indexes are being accumu-
lated on a separate file (step 10).

Point @ in figure 1 signifies the start of the Sire Summary
and Cow Index calculations. Part of the system between @ and @ is
also referred to as the iteration part of the system. The first
series of operations in the iteration portion of the system is
represented by step 1l1. This step comprises the calculation of

2/

=/ Anonymous., 1972. Factors for reducing 305-day, age
corrected records to a twice-a-day milking basis. In Dairy Herd
Improvement Letter. U.S. Agr. Res. Serv. ARS-44-239, p. 8.

Norman, H. D., P. D. Miller, B. T. McDaniel, and others.
1974. USDA-DHIA factors for standardizing 305-day lactation
records for age and month of calving. U.S. Agr. Res.
Serv. ARS-NE-40, 91-pp.

McDaniel, B. T., R. H. Miller, and E. L. Corley. 1965. DHIA

factors for projecting incomplete records to 305 days. In Dairy
Herd Improvement Letter, U.S. Agr. Res. Serv. ARS-44-164.
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the following four items of information needed for each daughter
record of each bull to be summarized.

(1) The Modified Contemporary Average for each daughter
record. )

(2) The number of different sires associated with the
Modified Contemporary information for each daughter
record.

(3) The weighted average Modified Contemporary Deviation of
the sires of the Modified Contemporaries associated with
each daughter record.

(4) The weighted average Repeatability of the sires of the
Modified Contemporaries.

Calculation of the Modified Contemporary Average for each
daughter's record.--The first step 18 to divide all lactation
records into two Contemporary Groups as follows:

(1) Contemporary Group 1 contains first lactations.

(2) Contemporary Group 2 contains second and later
lactations. :

Then, Contemporary Group information is calculated for each
daughter's record (using the updated herd master file) based on a
moving 5-month average centered on the month of daughter's
calving. Paternal half-sib data are eliminated from each
daughter's Contemporary Group information. This is done by
generating a series of 5-month herd-sire totals of daughter-
production information separately for Contemporary Groups 1 and 2,
each centered on a month where a cow calved that is either the
daughter of a bull to be summarized or is a cow that will be cow
indexed. These 5-month herd-sire totals are subtracted from the
5-month dynamic herd totals to obtain the 5-month totals that
comprise the sums of weightings and the weighted sums in the
equations given below. Then, the Modified Contemporary Average
for each daughter's 1lactation record is calculated. For a
daughter's first (Contemporary Group l) record this is done by
using the equation.

b

(I w, c,)
z -
fwgcpvw |1 3-8 [1]
v WE
|
T
i Wi+ W
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where,

(o}
L}

summation,

W; = length of lactation weighting for ith Contemporary

Group 1 record,

Q
[}

standardized (2X-305 day-ME) yield of milk or fat for

i
ith Contemporary Group 1 record,

W, = weighting factor for Contemporary Group 2 records in
Modified Contemporary Average for a daughter's first
record,

W. = length of lactation weighting for jth Contemporary
J Group 2 record,

Q
[/

standardized (2X-305 day-ME) yield of milk or fat for

J
jth Contemporary Group 2 record, and,

B = adjustment for cow selection bias in Contemporary
Group 2 records.

The factor W in this formula has been set equal to 1.0. The

use of the factor W, is one of the primary reasons for adopting the

nomenclature "Modified" Contemporary Comparison for this genetic
evaluation procedure. The effect of W, is to place the emphasis on

the contemporary information while also permitting the use of
noncontemporary data. Weighting in this manner enables emphasis
or greatest weight to be placed on the within herd-year-season
comparisons that are most accurate as they are least  affected by
the failure of the age and month of calving factors to fit each
herd precisely. At the same time this method of weighting permits
the use of a daughter's record even though there may be no con-
temporary records for a comparison. The factor B is used to adjust
the Contemporary Group 2 records, because they are made by cows
that survive culling after first lactation when most culling for
yield takes place. On the average Contemporary Group 2 cows are
genetically superior because they have been selected to remain in
the herd. The value 0.013 X breed average is assigned to factor B
based on research by J. F. Keown.3/

E/Keown, J. F. Unpublished material on file at the Animal
Physiology and Genetics Institute, Northeastern Region, U.S.
Agricultural Research Service.
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An equation based on the same principles is used to calculate
the Modified Contemporary Average for a daughter's second or later

record:

z

. W, C.
z 1 71 71
“W. C, + W, |=———— + B 2
5 %5 ¢ £l 2y, 2]
i 7i

b

T W. +

JWJ We

weighting factor for Contemporary Group 1 records in
Modified Contemporary Average for a daughter's second
or later record, and, the other terms are the same as
defined previously.

In equation 2, Wf is set equal to 1.0 same as was W in equation 1.

L

The factor B is added to the Contemporary Group 1 data in this
equation to put that data on the same basis as the Contemporary
Group 2 records.

Calculation of the number of different sires associated with

the Modified Contemporary information for each daughter's record.-

.~For a daughter's first record the weighting equation for number
- of Modified Contemporary sires is:

where,

LI

[}
W

z 2
(i Wi + W&) X
2 w2 | w2 3]
— + —_
Nf , WR

number of different sires of Contemporary Group 1
COWS . i

W, = 1.0 if W, < sum of lactation length weighting
factors for Contempﬁrary Group 2 records, or

lactation length weighting factor in the special case
where there is only one Contemporary Group 2 record,
and, the other terms are the same as defined
previously. !

|

23



For a daughter's second or later record the weighting for
number of Modified Contemporary sires is:

X 2
(J Wj + Wf)
Gwo?  wp? [4]
N, W
2 £

where, .

Ny = number of different sires of Contemporary Group 2
cows,

Wg = W, = 1.0 if W, < sum of lactation length weighting
factors for Contemporary Group 1 records, or

W'g = lactation length weighting factor in the special case
where there is only one Contemporary Group 1 record,
and, the other terms are the same as defined
previously.

Calculation of the weighted average Modified Contemporary
Deviation of the sires of the Modified Contemporaries associated
with each daughter's record.--For a daughter's first record this
is calculated as shown 1in equation 5:

I e D o+ W L w. D,
i ™Y Q,J_ZJ_J.
. W. 5
i 3 W5 [5]
i W+ W

Di = Modified Contemporary Deviation for the sire of ith

cow in Contemporary Group 1,

Dj = sgame for jth cow in Contemporary Group 2, and, the
other terms are the same as defined previously.

The equation for the weighted average Modified Contemporary
Deviation for the sires of Modified Contemporaries associated with
a daughter's second or later record is:




z i Wi Dy
. W. D. + W
73l Ty Ty [6]
1 1
z
. W. + W
u B T -

where,
all terms have been defined previously.

The calculation of the terms "Di" and "Dj", in equations 5

and 6 will be explained below since they are the primary product of
the iteration procedure. They are actually calculated in step 12.
However, during each round of iteration, including the first one,
" values must be available for Di and Dj' Therefore, in the first

round of iteration in fall 1974 Sire Summary run, the unregressed
herdmate deviations from the May 1974 run were used in lieu of
weighted average Modified Contemporary Deviations.

Calculation of the weighted average Repeatability of the
sires of the Modified Contemporaries associated with each
daughter's record.--For a daughter's record this is calculated as
shown in equation 7:

Z Py, R,
" W, R, + W, |1—11
1 1 71 2 L
. W. [7]
- J 3]
i % T W
where,
Ri = Repeatability of Predicted Difference (PD) for sire of
the ith cow in Contemporary Group 1,
Rj = Repeatability of PD for sire of jth cow in Contempo-

rary Group 2, and, the other terms are the same as
defined previously.

For a daughter's second or later record, the equation for
weighted average Repeatability of the sires of the Modified Con-
temporaries is:

)
z " W. R.
j Wj Rj + Wf 1 21 1
i Wy (8]
%
. W. + W
J 73 £




where,
all terms have been defined previously.

In the first iteration round of the fall 1974 run, the R's
from the May 1974 run were used.

The information needed to calculate the Modified Contemporary
Deviation for each daughter's record has now been computed and
incorporated into each daughter's record. The daughters' records
are next sorted to sire sequence (the sort between steps 11 and
12). They are then passed to the program that assembles the
daughters' information and calculates the weighted average Modified
Contemporary Deviation for each bull with the following series of
operations.

(1) For each daughter's 1lactation calculate the Modified -
Contemporary Deviation milk and fat which is adjusted for
the genetic merit of the sires of the Modified Contempo-
raries.

(2) Summarize the Modified Contemporary Deviations over all
lactations for each daughter.

(3) For each bull summarize the daughters' Modified Contempo-
rary Deviations over all daughters within each herd.

(4) For each bull summarize the daughters' within herd
Modified Contemporary Deviations over all herds.

Calculate the Modified Contemporary Deviation milk and fat
which is adjusted for the genetic merit of the sires of the
Modified Contemporaries.--This is done by using the equation:

Adjusted Modified Contemporary Deviation milk and fat =
standardized lactation yield - Modified Contemporary
Average + average Modified Contemporary Deviation for the
sires of the Modified Contemporaries.

Summarize the Modified Contemporary Deviations over all
lactations for each daughter.--To do this a weighting factor is
calculated for each daughter's lactation by the equation:

1
error variance + sire variance (1-R of
daughter's lactation MC sires) + herd x
length weight sire variance

weighting for
number of sires of MC

(Denominator continued on following page).
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cow variance + error variance

PW W
or [9]
§ Wj + Wf
where,
Sire variance = 0.05,
Herd x sire variance = .14,
Cow variance = .31,
Error variance = .50, and

the weighting for lactation length of the Modified Con-

? Wi + W, for a daughter's first record and §

Wj + Wf for a daughter's second or later record, and R of MC

sires = Average R of the PD of the sires of the Modified
Contemporaries.

temporaries is

Then the Modified Contemporary Deviation for each daughter is
calculated from the equation:

r(weighting factor for each lactation x Modified Contemporary
Deviation for each lactation) [10]
. weighting factors for each lactation

For each bull summarize the daughters' Modified Contemporary
Deviations over all daughters within each herd.--A weighting
factor 1s calculated for each daughter's information using the
equation:

1

. 1 11
cow variance + 2 welighting factors for each lactation [11]

then,

the weighted average Modified Contemporary Deviation milk and
fat for each bull's daughters in each herd is calculated by the
equation:
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L(weighting factor for daughter x each daughter's
Modified Contemporary Deviation) [12]
z weighting factors for each daughter

For each bull summarize the daughters' within herd Modified
Contemporary Deviations over all herds.--Weighting factors must be
calculated for each bull's daughters' information in each herd
according to the equation:

1

: , I 13
herd x sire variance + L weighting factors for each daughter [13]

Then each bull's weighted average Modified Contemporary
Deviation is calculated from the equation:

t(weighting factor for each herd x daughters'
Modified Contemporary Deviation in that herd [14]
L weighting factors for each herd

That completes the calculation of each bull's Modified
Contemporary Deviation.

The Repeatability for each bull's summary is also calculated
in step 12, according to the equation:

sire variance

i [15]

sire variance * yoeighting factors for each herd

The Repeatability is calculated in each iteration round
because each bull's R is dependent to a small degree on the R's of
the sires of his daughters' contemporaries as shown .in equation 9.
That completes the work done in step 12.

At the same time the calculations just described were being
done, the information needed for _cows to be cow indexed was pulled
off on a separate file (Point . Sire and maternal grandsire
search records are then generated for all bulls to be summarized
(step 13). These records are used to search the master sire file
for the bulls that will provide the pedigree information for the
genetic grouping procedure. At this point the pedigree informa-
tion is updated where necessary (step 14). That is, missing
identification is furnished where available and identification’
errors are corrected. |

At step 15 each bull's Modified Contemporary Deviation is
adjusted to a uniform genetic base so that summaries can be
compared directly from one iteration round to the next and from
one run to the next. This adjustment is made by using a group of
high Repeatability bulls in each breed, the average of whose
summaries should have very little random fluctuation from one run
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to another. 1In each breed the amount by which the Modified Con-
temporary Deviation of these high R bulls deviates from their
average in the fall 1974 run is used to adjust all summaries to
maintain a constant genetic base by subtracting this difference
from all bulls being summarized.

We have now progressed to step 16, where the decision is made
whether or not to conduct another round of iteration. This
decision is made on a subjective basis dependent on the magnitude
of changes in the Modified Contemporary Deviations of a selected
group of bulls in each breed. This procedure was developed from an
empirical study by H. D. Norman and R. L. Powell. If another
round of iteration is to be done, the system proceeds to step 17.
The latest Modified Contemporary Deviation and Repeatability for
each cow's sire are inserted in each cow's lactation records.
Then the dynamic monthly herd totals are updated with the new sire
information (step 18), in order to adjust the Modified Contempo-
rary Deviation for each daughter's record with the latest genetic
information on the contemporaries' sires. The system returns to
point @ and commences the next round of iteration.

If no more rounds of iteration are needed the system proceeds
to point Bl. First, each bull's sire and maternal grandsire search
records om step 13 are sorted into sequence by sire and maternal
grandsire registration numbers. Then the PD's of the sires and
maternal grandsires are looked up in the sire master file for use
in grouping the bulls to be summarized (step 19). The sire and
maternal grandsire search records with the PD's are then sorted
back to the sequence of the bulls being summarized. The pedigree
grouping procedure 1is handled in step 20. This consists of
several different operations.

First, a pedigree estimate of genetic transmitting ability is
calculated for each bull being summarized by using the sire and
maternal grandsire PD's looked up in step 19, according to the
equation:

1/2 (Sire's PD) + 1/4 (Baternal grandsire's PD). [16]

Then, each bull is placed in 1its appropriate grouping
category. The five basic grouping categories are: :

(1) Bulls with both sire and maternal grandsire PD's..
(2) Bulls with only sire PD's.
(3) Bulls with only maternal grandsire PD's.

i
(4) Bulls that are registered but have neither sire nor
maternal grandsire PD's,

!
(5) Grade bulls (for which there is no pedigree information).
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In addition, categories 1, 2, and 4 were further divided in
Holsteins (where sufficient numbers of bulls were available) into
bulls progeny tested in natural service versus bulls progeny
tested in artificial insemination (AI). A bull is categorized as
having been progeny tested in AI if a bull stud used his semen
within 40 months of his birth date. 1In the breeds with very few
bulls, it was necessary to combine categories 4 and 5.

Within each grouping category, bulls were ranked in descend-
ing sequence on the basis of their pedigree estimate of transmit-
ting ability. Then each ranking was divided into genetic groups.
The designation of genetic groups is at least partly subjective in
that meaningful groups are designated on the basis of the number
of bulls that would fall in each group and their range of pedigree
estimates. The group averages used in the fall 1975 Sire Summary
run are shown in table 2.

Finally, the group averages are calculated from the Modified
Contemporary Deviations of the bulls that are in each group.
There is an important difference between the information used to
place the bulls in pedigree groups and that used to calculate the
group averages. Note that pedigree information is used to place
the bulls in the appropriate genetic group, but progeny informa-
tion is used to calculate the averages of these genetic groups.

In step 21, each bull's Modified Contemporary Deviation is
regressed to that bull's genetic group average resulting in PD
milk and fat according to the equation:

PD = Genetic Group Average + R (Bull's Modified Contemporary
Deviation - Genetic Group Average)

The final step (22) in the production of the Sire Summaries
is to produce the various listings and magnetic tapes that are
sent to the dairy industry. This step includes the calculation of
PD fat percent and PD dollars.

As soon as the Sire Summaries are completed the Cow Index
system is run. This is a relatively simple operation because most
of the 1laborious calculations required for Cow Indexing were
accomplished during the Sire Summary run. The basic jnformation
on cows was obtained from step 12, indicated by point . (fig. 1).
Details of the Cow Indexing procedure are given in the next
section, The USDA-DHIA Modified Contemporary Comparison Cow Index.
The Cow Index values are calculated in step 23. Finally, the Cow
Index output (tapes and listings) are produced for the industry
(step 24).
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Table 2.--Genetic group averages for given pedigree index (PI)
ranges of bulls with both father and maternal grandfather PD's

Milk Number Genetic group average
PI range of bulls Milk Fat
AYRSHIRE
601+ 96 +483 +16
501 to 600 44 +306 +14
301 to 500 71 +348 +10
201 to 300 87 +113 +3
101 to 200 140 -111 -4

51 to 100 115 =137 -2

1l to 50 124 -183 -7
-49 to 0 142 ~-94 -7
-99 to =50 135 -284 -9
=199 to -100 265 -406 =15
=299 to -200 199 -451 -16
< to =300 205 -551 -18

GUERNSEY

501+ 98 +394 +17
_45) to 500 _ 98 +200 +7
401 to 450 83 +393 +16
351 to 400 125 +242 +6
301 to 350 207 +158 +3
251 to 300 359 +95 0
201 to 250 476 +111 +3
151 to 200 645 +87 +1
101 to 150 863 -1 -1
51 to 100 939 -67 -2

1l to 50 905 =112 -5
-49 to 0 852 -119 -4
-99 to =50 791 =200 -6
-149 to -100 740 -273 =10
=199 to =150 553 -263 -9
=249 to -200 381 -361 -13
-299 to -250 286 -399 -13
=349 to -300 203 -413 -13
-399 to -350 150 -382 -14
< to -400 156 -511 -16

HOLSTEIN

701+ 329 +489 +10
651 to 700 185 +358 +9
601 to 650 289 +466 +12
551 to 600 342 +330 +6
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Table 2.--Genetic group averages for given pedigree index (PI)
ranges of bulls with both father and maternal grandfather PD's

Milk Number Genetic group average
PI range of bulls Milk Fat
HOLSTEIN - Continued
501 to 550 439 +319 +6
451 to 500 517 +193 +3
401 to 450 673 +359 +8
351 to 400 947 +185 +2
301 to 350 1034 +170 +2
251 to 300 1273 +81 0
201 to 250 1595 +47 -2
151 to 200 1884 -23 -3
101 to 150 2147 -73 -6

51 to 100 2160 -85 -5

1 to 50 2405 -144 -7
-49 to 0 2551 -190 -8
-99 to =50 2516 -203 -8
-149 to -100 2583 ~285 -11
-199 to -150 2487 =310 -12
-249 to -200 2531 -398 -14
-299 to -250 2228 -449 -15
-349 to -300 1855 -474 -16
-399 to -350 1580 -546 -17
-449 to -400 1259 -563 -19
-499 to -450 914 -579 -20
-549 to -500 757 -704 =22
-599 to -550 530 -715 -23
-649 to -600 413 =770 =25
-699 to -650 301 -837 =25
< to -700 764 -932 -26

JERSEY

501+ 166 +685 +24
451 to 500 92 +657 +23
401 to 450 138 +433 +19
351 to 400 205 +316 +11
301 to 350 225 +167 +7
251 to 300 203 +182 +7
201 to 250 307 +137 +6
151 to 200 302 +149 +5
101 to 150 353 +12 0
51 to 100 368 +3 0

1 to 50 421 -71 -4
-49 to 0 489 -198 -8
-99 to =50 485 -263 -10
-149 to -100 484 -304 -13
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Table 2.--Genetic group averages for given pedigree index (PI)
ranges of bulls with both father and maternal grandfather PD's

Milk Number Genetic group average
PI range of bulls Milk Fat
JERSEY - Continued
-199 to -150 466 -359 =15
=249 to -200 376 -401 =17
-299 to -250 331 -402 -16
=349 to -300 243 -541 -25
-399 to -350 187 -621 -25
< to -400 366 ~-756 -33
BROWN SWISS
401+ _ 110 +459 +15
301 to 400 75 +446 +15
251 to 300 38 +292 +6
201 to 250 89 +197 +4
151 to 200 120 +109 0
101 to 150 109 +46 +1

51 to 100 153 +148 +3

1l to 50 181 -61 -2
-49 to 0 168 =137 -1
-99 to -50 184 -253 -6
-149 to -100 195 -190 -5
-199 to -150 178 -186 -8
-249 to -200 114 -352 -13
=299 to -250 79 -558 -19
-349 to -300 59 -472 -13
-449 to -350 95 -289 -9
< to -450 66 -472 -15

MILKING SHORTHORN

51+ 108 +151 +3
-99 to 50 96 +59 +1
< to -100 97 =242 -7
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THE USDA-DHIA MODIFIED CONTEMPORARY COMPARISON COW INDEX

R. L. Powell, H. D. Norman, and F. N. Dickinson,
respectively, research geneticist (animal), research scientist
(genetics), and chief, Animal Improvement Programs Laboratory,
Animal Physiology and Genetics Institute, Northeastern Region,

Agricultural Research Service

The Modified Contemporary Comparison is now used to produce
Cow Indexes. As with Predicted Difference (PD) for sires, the new
procedures result in more accurate estimates of genetic merit, but
the interpretation remains the same. The major changes from the
Herdmate Comparison Cow Indexing procedure are for the cow's
deviated production and the weighting for the amount of informa-
tion in that deviation. Previously, merit of sires of herdmates
was considered only in an approximate manner. Now the merit of
each sire of a herdmate is considered in the cow's Modified
Contemporary Deviation.

The Cow Index results from combining the individual cow's
production with the information on her sire by Selection Index
weights. First, 1let us consider a theoretical approach to
determine weights for the Selection Index on the cow that will be
used to combine the mean deviated production of the n; records of
the cow (x ) and n, paternal half 51sters (Xz) . These weights

‘maximize the correlation between the cow's additive genotype, G,

and the index, I, where I = b1x1 + b2x2. The two equations that
must be solved simultaneously are:

b; V(Xg) + b, Cov(X,,X,) = Cov(X,,G), and

b, Cov(ig,ig) + b, V(X,) = Cov(X,,G).

. Values for the variances (V) and covariances (Cov) are as follows:

4 + (n,-1) h2
4n2

1+ (n-1)r
n;

V(X;) = V(X) 7 V(X,) = V(X)

Cov(X,,%,) = 1/4 V(G); Cov(X,,G) = V(G); and Cov(%,,G) = 1/4 V(G),

|

|

where,
h* = heritability (0.20), or V(G)/V(X),
r = within-sire repeata?ility of records (0.50),
V(X) = phenotypic variance:of individual records, and
V(G) = additive genetic va*iance.
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The means, variances, and covariances are based on a number
of assumptions. All means are assumed to be deviations from a
common base. All records are complete, and each paternal half
sister is in a different herd and has only one record. Further,
each record is assumed to be deviated from a mean containing an
infinite number of herdmates. These assumptions are not met in
practice, but the effects of discrepancies are minimized if n,,
n,, X,, and X, are defined as follows:

n, = sum of lactation weights/2, or ILACWT/2,

n, = 19R/(1-R), where R = Repeatability of sire's PD,
X, = Cow's MCD', and

X, = PD/R.

The prime (') on the abbreviation for the cow's Modified
Contemporary Deviation (cow's MCD') is to indicate a difference
from the cow's Modified Contemporary Deviation used in calculating
the Sire Summary. The latter includes merit of sires of Modified
Contemporaries as the average MCD of those sires. For Cow Index
purposes, cow's MCD' considers the MCD of those sires times their
average R.

After substituting the above variances and covariances into
the selection index equations and dividing each equation by V(G),
we have

This is equivalent to the simpler form:

b1 b2 _
ey R
br | bz _
g Y 3R - /4
where,
h#

A =

0.5 + 1/°LACWT °
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Then,

b, = AR ang b, =4RLIZAL

The solutions_ for b, and b, provide the Selection Index
weights for X, and X,. However, since X; is calculated from PD, it
is easier to use PD directly in the index. Hence, I = w, X +
w, PD, where w; = b, and w, = b,/R. It can be shown that w, = l-w,;
so I = wX, + (1-w) PD, where w, is replaced by w. The breeding
value of the cow is estimated by I, so the estimated transmitting
ability is 1/2, and the CI equation is:

CI = 1/2 [w(Cow's MCD') + (1l-w) Sire's PD].

Values for w in various situations are given in table 1. To
simplify use of the table, the amount of information available on
the cow is given as the approximate number of records as well as
the sum of her lactation weights.

The reliability of the Cow Index is a function of the amount
of information available on a cow and her paternal half sisters.
The reliability is expressed in terms of percent Repeatability
(R'), the same terminology that is used for the reliability of PD
values on bulls. Note that R' refers to the cow's CI and R refers
to the sire's PD. Example R' values are given in table 2. The
values were obtained from the equation w + R(l-w)/4 which is
equivalent to b, + b, /4.

The Repeatability of the Cow Index reflects the information
on both the cow and her sire. This is in contrast to the procedure
for the Sire Summary, where the R is calculated only from the
amount of information on daughters with no consideration of the
added information from the Genetic Group Average. Therefore,
while R is the correct value for use in the PD formula, it is an
underestimate of the reliability of the PD. The exact reliability
is unknown.( Because the R used in calculating w is less than it|
should be, slightly too much weight is given to the cow's MCD' at|
ithe expense of the PD on her sire. Also, this causes a very slight
depression in the R'. Repeatabilities for Cow Indexes are much
lower than can be obtained for a sire's PD. Therefore, less,
confidence should be placed in an individual CI, especially with
low R', than for most PD's. : |

The general form of the CowfIndex formula is parallel to that
for PD. In both cases, an averade Modified Contemporary Deviation
is combined with an estimate g& merit from the pedigree. The
"pedigree" estimate for a bull is the Genetic Group Average while
for a cow it is one-half the D of her sire. This similaritj
resulted from the inclusion of ;nformation from a second source
for calculating PD as has been done in the Cow Index since its
beginning. ’
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A definite improvement in the new Cow Index procedure is its
timeliness. Records-in-progress of 40 days or more are included
in calculations of CI's for registered cows provided to the breed
associations. Of these, the highest indexing cows that are likely
" to be alive are included in the Cow Index List. For single-
lactation cows, only those with at least 150 days in milk are
eligible for consideration. Most of these Cow Indexes will be
available for use in planning matings one lactation ear11er than
. had previously been possible.

An important contribution can be made to the genetic improve-
ment of yield and income in a herd if effective selection of cows
is continually made. Cow Indexes should always be considered if
they are available, because they provide a more accurate estimate
of the genetic transmitting ability of a cow than her own
production or even her herdmate deviation.
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TABLE 1.,--WEIGHTS (W) FOR THE PERPORMANCE OF THE COW AS A
FUNCTION OF THE SUM OF HER LACTATION WEIGHTS AND
THE REPEATABILITY OF THE SUMMARY ON HER SIRE

—mdsesadecscct et d e ecEeeseerr s e omsdesecddessssdedd s d s o ma s e e

APPROX, Sun OF PERCBNT REPE!TIBILITY OP SIRB SUH!ABY
RECORDS WEIGHTS 20 30' “0 50 60 - 70 80 90;

—d b e S A d e NN s S b b et S ddd s s n L d dedd dadd s b m el -

.
L=

0.13 012 0.12 0.12 0:.12 0411 0.11 0,11
18 413 W13 413 .12 32 412 W31
o]u o]q 01“ 013 013 013 012 -12

"e15 15 18 .38 .14 .13 .13 .13
«16 15 415 415 14 .14 .14 .13

16«16 16 <15 15 15 J14 .24
«17 17 416 416 .16 15 15 .14

‘18 «17 - 17 436 .16 .36 15 .15

“«18 18 17 437 .17 .36 .16 .15
e19 <18 38 17 17 17 .16 .16
219 <19 .18 .38 .18 .17 .77 .16
«20 .19 .19 .18 .18 .18 17 .17
.20 020' .19 019 018 018 017 017
.21 020 .20 019 ‘019 018 .18 .17
21 21 .20 .20 .79 .79 .78 .18
021 .21 020 020 020':.19 019 .18
.22 ‘021 021 020 .20" 019 .19 018

'022 'o22 .21 021 020' .20 019 .19
.22 '022 .22 .21 .21 .20 020 019
e23 22 422 .21 <21 420 .20 .19
23 23 22 422 21T G271 .20 .20

e 6 o & o 9 o o 0 ¢ 9 o o
PO ONONOUNPUNONONO VO OUWVWONAULEWN—OWOINUNE W -

Nadad®O®OV VOO JIOAAUEETW. WNRODNRORNDR DN R b cd cd e b ad dd ad od 22

2 . «20 L2428 .23 422 <22 W21 W21
. e26 425 425 284 J28 23 .23 .22
o 027 «26 426 425 425 J28 .23 .23
3 . 228 427 426 .26 .25 <25 W24 L284
' . e28 428 427 27 .26 .26 .25 o204
. 29 28 428 .27 <27 26 .26 4,25
. 030 .29 428 .28 427 427 426 425
4 O .30’ «29 .29 028 028 -27 027 026
. 030’ .30 029 029 028 028 n27 026
. e31 .30 .30 .29 .29 .28 .27 .27
5 . «31 .31 .30 .30 .29 .28 .28 .27
[} 032 .31 030 030 .29 629 p28 .27
° 032 031 ‘31 030 030 :.29 028 028
6 10. e32 432 31 .30 .30 .29 .29 .28
10. .32 .32 1031 .31 .30 :.29 p29 .28
1. «33 032 .32 031 030 1.30 .29 028
1 e '.33 032 .32 .31 .31 .30 029 .29

7 1

033 '.33 .32 .31 1.31 030 029 029
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TABLE 2,--PERCENT REPEATABILITY OF THE COW INDEX ACCORDING
TO THE SUNM OF HER LACTATION WEIGHTS AND THR
RBPBIIABILIT! OF THE SUMMARY ON HER SIRE

APPROX. . SUH or PBRCBNT REPBATABILITY OP SIBE SUH!IR!
NO. OF LACTATION e bbbl = ——— -

RBCORDS IBIGBTS 20- 30 _GO 50 - 60 70: 80 901

1.0 17 19 21 23 25 27 29 31

1.1 18 20 22 24 25 27 29 3t

1.2 19 20 22 24 26 28 30 32

1.3 19 21 23 25 27 29 30- 32

1.4 20 22 24 25 27 29 31 33

1.5 21 22 24 26 28 30 31 33

1.6 21 23 25 26 28 30 32 34

1 1.7 22 23 25 27 29 30 32 34
1.8 22 24 26 27 29 31 33 3a

1.9 23 24 26 28 30 31 33 38

2.0 23 25 27 28 30 32 33 35

2.1 24 25 27 29 30 32 34 35

2.2 24 26 27 29 31. 32 34 36

2.3 25 26 28 29 31 33 34 36

2.4 25 26 28 30 31. 33 35 36

2.5 25 27 - 28 30 32 33 35 37

2.6 26 27 29 30 32 34 35 37

2.7 26 28 29 31 32 34 35 37

2.8 26 28 29 31 32 34 36 37

2.9 27 28 30 31 33 34 36 38

3.0 27 28 30 31 33 35 36 38

2 3.5 28 30 31 33 34 36 - 37 39
4.0 29 31 32 34 35 37 38 40

4.5 30 32 33 34 36 37 39 40

3 5.0 31 32 34 35 37 38 39 41
. 5.5 32 33 34 36 37 39 80 41
6.0 - 32 34 35 36 38 39 80 82

6.5 33 34 36 37 38 39 41 a2

4 7.0 34 35 36 37 39 40 81 43
1.5 34 35 36 38 39 &40 42 a3

8.0 34 36 37 38 39 41 42 43

5 8.5 35 36 37 38 40 41 42 43
9.0 35 36 37 39 40 41 82 44

9.5 35 36 38 39 40 41 43 44

6 10.0 36 37 38 39 40 82 83 44
10.5 36 37 38 39 41 42 43 a4

1.0 36 37 38 40 41 42 43 45

11.5 36 37 39 80 41 42 43 45

7 12.0 3¢ 38 39 40 41 42 44 85
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PROCEDURES FOR APPROXIMATING
COMPONENTS OF PREDICTED DIFFERENCE

R. L. Powell, and H. D. Norman, research geneticist (animal)
and research scientist (genetics), Animal Improvement Programs
Laboratory, Animal Physiology and Genetics Institute,
Northeastern Region, Agricultural Research Service

The increase in accuracy of sire evaluation by the Modified
Contemporary Comparison was accompanied by an increase in the
complexity of calculation. Therefore, the approximation of
Predicted Difference (PD) is of great importance to many segments
of the dairy industry. Some approximation procedures will be
presented for components of the PD equation,

PD = R(MCD) + (1-R)GA,

where PD is Predicted Difference, R is Repeatability, MCD is the
bull's Modified Contemporary Deviation, and GA is the Genetic
Group Average.

Estimation of Predicted Difference

The formulas and tables allow accurate approximation of
Repeatability. The estimation of the GA is not as accurate but is
sufficient for the purpose. The remaining element, the average
MCD is the major impediment to accurate estimation of PD. That
estimation necessitates age and length adjustments for daughter
and contemporary records, estimation of merit of sires of con-
temporaries, and may involve pooling information across herds.
Those operations are not only laborious but also may result in
less than desirable accuracy. Considerable caution should be
exercised in the use of approximated PD's. R's, however, can be
estimated accurately. A section is presented on the relative
importance of pedigree data. Although that information is not
needed for estimating PD, the explanation enhances the_understand-
ing of PD by relating the emphasis on GA to that for MCD.

Repeatability

A common gquestion concerning the Modified Contemporary
Comparison is how one can approximate Repeatability. While it is
not feasible to provide R's for all situations, the following
equations are presented for two pepresentative cases.

!
If all daughters are in one herd:
. N
R = 3.8N + 18
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where R is Repeatability and N is the number of daughters.
.If each daughter is in a different herd:

h N
Boifs - eivigre™
Thus, 20 daughters in one herd would be expected to result in
an R of about 21 percent. If each was in a different herd, the
expected R would be about 49 percent.

These approximation formulas result from the following
assumptions:

(1) Each daughter has one 305-day record.

(2) EBach daughter has 15 Modified Contemporaries with 305-
day records.

(3) Five sires of the Modified Contemporaries have an
average Repeatability of 70 percent.

These approximations are close to correct even for substan-
tial deviations from the assumptions. For example, in the one
herd case, assume only seven Modified Contemporaries are by three
sires and each daughter and contemporary has 7 months of produc-
tion. The correct R is still 21 percent. If daughters are
distributed one per herd, the correct R is 47 percent. Therefore,
while the exact formulas are needed to properly weight each
production deviation, one can easily estimate the R in these two
situations of most interest.

For some other situations, a more general formula may be
used. It is assumed that each of N daughters has the same sum of
lactation weights (ZLACWT) and that there are H herds each having
N/H daughters. For each record the lactation weight is:

1

0.50 + 0.05(1-MCSR)+0.14 + 0.81
Length wt. No. Mod.Cont.Sires tLength wts of Mod.Cont

LACWT =

where MCSR is the average R for sires of the Modified Contempo-
raries. The length weights are the phenotypic correlations
between part and whole lactations. They are in the introductory
material to the Sire Summary List and in the third paper of this
series.

Then,

20 '
LLACWT

N + 2.8 + 6.2 +
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If our initial example is modified so that each of five herds has
four daughters, R = 41 percent. (The ILACWT is 1.709).

The calculations needed for approximating R can be reduced or
eliminated through the use of tables 1 to 17. Lactation weights
for selected average contemporary sire R's are presented in tables
1l to 7. All lactations are assumed to be complete (305 days) and,
therefore, all length weights are 1.0. The arguments for entering
the tables are the number of Modified Contemporaries and the
number of their sires. For example, assume a first lactation cow
has 11 first lactation contemporaries by 4 sires having an average
Repeatability of 80 percent and at least one second or later
lactation herdmate whose sire's average Repeatability is 80
percent. There are 12 Modified Contemporaries by five sires so
the lactation weight is 1.674. Table 6 is used because the average
R for Modified Contemporary sires is 80 percent. If the herdmates
each have a length weight of 0.94, the number of Modified Con-
temporaries would be used as 11, 12 x 0.94.

Tables 8 to 17 provide R for various sums of lacation weights
per daughter and number of herds across which the daughters are
equally distributed. If each of 50 daughters has a sum of lacta-
tion weights of 1.664, we enter table 12 with 1.7. The daughters
are in 25 herds (2 per herd) so the R is 68 percent. If each
daughter has a second lactation with a lactation weight of 1.854,
the sum of lactation weights is 3.518 and 3.5 is used to enter
table 12. The R is 74 percent.

These tables will be most useful for approximating R for use
in planning sire sampling programs. For actual situations where
the distribution of daughters is not approximately equal across
herds, a more complex procedure for approximating R is presented
as a sidelight of the next section.

Modified Contemporary Deviation

The logical situation for approximating a PD is for young
bulls so let us assume each daughter has only a first record. The
bull's Modified Contemporary Deviation (MCD) is a weighted average
of daughter MCD's or D - MCA + SMC. The daughter record (D) has
been adjusted to a 2X-305 day - ME basis, as have the records of
herdmates used in the Modified Contemporary Average (MCA). The
MCA is approximately the contemporary average so it can be taken
as the average of first lactation herdmates. A herdmate is a cow
calving in the same 5 month rolling season as the daughter and
sired by another bull. The estimate of genetic merit of sires of
Modified Contemporaries (SMC) is the aveiage Modified Contemporarj
Deviation for those sires. This can be approximated by the
average PD of the sires of contemporaries. |
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The individual daughter MCD's can be averaged for the herd,
forming a herd deviation value. To estimate the bull's MCD, one
must combine these herd values across herds if daughters are in
more than one herd. The herd deviations are weighted by herd
weights (HRDWT). A herd weight can be approximated by

HRDWT = 543N + 0.9

where N is the number of daughters in that herd. For example, herd
A has 17 daughters with an average MCD of +1,000. Herd B has 3
daughters with an average MCD of +400. Without considering the
distribution across herds, the average deviation is +910.
However, the approximate herd weights are 5.2 and 2.3 so the
bull's MCD is actually

(5.2 x 1000) + (2.3 x 400)
5.2 + 2.3

= +816,

almost 100 pounds below the unweighted average. The sum of the
herd weights, in this case 7.5, can also be used to approximate R
because

0.05
= 0.05 + 1/THRDWT

In this case the approximate R is 27 percent. This is a more
appropriate method to estimate R than that given in the previous
section when daughters are not evenly distributed across herds.

Genetic Group Average

The Genetic Group Average (GA) is the average performance
(Modified Contemporary Deviation) of bulls having a similar
production pedigree. Bulls are grouped based on pedigree index
(PI) for milk where,

PI = 1/2 father's PD + 1/4'materna1 grandfather's PD.

The GA can be estimated reasonably well by PI minus 150 pounds for
milk and 0.8 x PI minus 7 pounds for fat. 1In general terms,

s :
GA = a:+ b PI

where GA is the approximate Genetic Group Average, a is the y-

intercept, and b is the regression of GA on PI. Some actual values

are given in table 18. )
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Weights for Pedigree Information

The predictive quality of any equation improves as more
variables are included. The degree of improvement and the weight
going to an added variable depend on the relationships of that
variable with the other variables and with that which is being
predicted. These statements apply to any set of data. We will
consider them as they relate to predicting genetic merit of a
bull.

The accuracy of predicting individual merit can be improved
by using information on ancestors. This information is used in
part by the Modified Contemporary Comparison. This section deals
with the weight or emphasis going to the pedigree versus that
going to daughter performance.

Consider the formula for the new PD,
PD = R(MCD) + (1-R)GA

where R is Repeatability, MCD is the average Modified Contemporary
Deviation for a bull's daughters, and GA is the Genetic Group
Average. When R is very low, say 20 percent, or 0.2, the weight
for the GA is large, 0.8. It is tempting to say that the pedigree
is getting four times the weight of the daughter performance. But
that is an unwarranted comparison of variables not on the same
scale. We must consider that GA is a function of MCD's that have
been halved, quartered, and regressed. To compare the emphasis or
weight going to daughters and that for daughters of various male
ancestors, let's use MCD as the standard unit of measurement.
Then weights for any animal will be the weight going to that
animal's MCD. To simplify the explanation, letters are used in
figure 1 to identify the males in the pedigree of the bull being
evaluated, A. Animals further removed are assumed to have no
influence.

Let us assume that we can replace the GA with the PI. It is
emphasized that this is not the way GA is calculated but the
relationship between GA and PI is wvery high. Then an approximate
equation for PD for bull A in figure 1 is

PD = RA (MCDA) + (l—RA)(l/Z PDB + 1/4 PDD).

Then, further replace the ancestral PD's with their components,
MCD, PI, and R. Continue until the PD approximation is a function
of only MCD's and R's as in figure 2. The weights gqoing to
information from various ancestors are in table 19 with examples.

The weight (Wt) for the MCD of any bull, say bull X, can be
represented as

- n -
Wty = Ry (1/2)" I, (1-R;)
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Figure 1.--Pedigree diagram with letters denoting males.
(Consecutive femalés terminate path.)

46



PD = RA(WA) + (1-R,) (1/2) (Ry) (@B)
+ (1-R,) (1/4) (1-Rp) (R.,) (MCD)
+ (1-Rp) (1/8)Q-Rp) (1-R.) (Rp) (MCDy)
+ (1-R,) (1/16) (1-Rg) (1-Ry) (1-Rp) (Ry) (MCDy)
+ (l-RA)(1/16)(l-RB)(l—RC)(RI)(MCDI)
+ (1-R,) (1/8) (1-Rp) (Rp) (MCDL)

+ (l—RA)(1/16)(1—R (l—RF)(RJ)(ﬁEBJ)

B)
+ (1-R,) (1/4) (Rp) (¥CD)

+ (1-R,) (1/8) (1-Rp) (Ry) (MCDy)
+ (1-R,) (1/16) (1-Rp) (1-R;) (Rg) (MCDp)

+ (l-RA)(l/lﬁ)(l—RD)(RL)(ﬁEBL)

Figure 2.--PD formula modified to show approximate weights for
the MCD by daughters of the subject and the males in a four
generation pedigree.
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where, n is the number of generations (or genetic segregations)
between X and A, and i is the identifying letter for each male in
the path from X through A. For example, the Wt is RF(l/ZP (1-Rp)
- i : b - - - -
(1 RB). For bull H, the weight is RH(1/2) (1 RA)(l RB)(l RC)(l
RE). When RA is above 0.33, MCDA receives more weight than the MCD

for any other animal in the pedigree, even if the father's R is 99
percent. When RA is above 0.43, MCDA receives more weight than for

the combined MCD's for the father and maternal grandfather even if
both ancestors have R's of 99 percent.

The weights in table 19 are approximations of weights that
may be applied to individual bull MCD's to approximate a PD.
However, they do not consider differences in the variability of
the various MCD's. The approximate relative weight of progeny
information to that for progeny of ancestors in determination of
PD is in table 20. The weights from formulas in table 19 have been
standardized to relative weights by multiplying by the expected
standard deviation of the corresponding MCD. That standard
deviation is 1/4R. From table 19 we find weights of 0.20, 0.28,
and 0.14 for R's of 0.2 on the bull and 0.7 on both father and
maternal grandfather. The standardized weights are 0.2236,
0.1673, and 0.0837. Then the approximate ratio of weight for
progeny of the bull to progeny of the two ancestors is 47:53 as
seen in table 20. This table places the concern over weights going
to the pedigree in proper perspective. Certainly the ancestor's
weights are far from overwhelming.

If all of the pedigree influence were from the father and
maternal grandfather, it would be easy to calculate the accuracy
of prediction squared for varying amounts of information on those
two ancestors. By using that squared correlation as R, the
approximate number of daughters for that R can be calculated.
Table 21 contains the results of such estimation of the comparable
number of daughters, each with one complete record and in a
separate herd. The value of sire information alone is in the
column under zero and the value of the maternal grandfather alone
is in the top row.

Three points need to be made concerning these weights for
ancestors relative to information on the bull's own daughters.

(1) The pedigree information can be very important for low
R,, depending on the R's for relatives, but its impor-

tance decreases rapidly as RA increases.

(2) If the R for any animal is increased, the weights for
animals further removed along that branch are decreased.
So if Ry is high, lit@le will be gained from ancestral

data. If RD is high,fG, K, and L can be ignored with
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little 1loss. In practice, if any ancestor is not
summarized then the weights for him and his ancestors
are zero.

(3) The weights are different for each situation. Cases
differ by which ancestors have summaries and their
individual R's as well as that of the subject. While
exact relative weights are different for each situation,
tables 19 through 21 provide approximate values that
place the emphasis going to ancestors in proper
perspective.

The procedures presented for approximating components of PD
or emphasis on ancestors are applicable for most cases. Their
proper use can be very beneficial. Certainly, there will be
situations where these estimates are misleading. Users should
recognize the existence of such exceptions and exercise consider-
able caution in decisions based on approximations.

49



- . o - - S WP = - e S - S 5 e - G D e - S G S P R . S A G S S e e - - -

196°1L
9n6°L
8€6°1L
9L 6°L
L06°1
068°L
LL8*L

ot

- - - - - > - - - - . Y . e e - e -

056°1
SE6°L
LT6°L
S06°1L
068°1L
088°1L
L98°L
£98°1L
098°L
958°1
zs8°1
ghg°L
€ns°L
8ES°L
£€8°L
Lzg"1L
1z8°L

0z

6€6°1
nZ6°1L
9L6°L
n68°L
088°L
oL8"L
958°1
£s8°L
0s8°L
9ng°lL
zZnse°L
8e8 L
g8 L
628°1L
£z8°lL
Lig°i
LLg L
108°1
96L°L
88LL
8LL®L
89L°L

<13

LL6°L
€06° L
S68°L
nLg°
098°1
0s8° L
LES"L
€€ L
0€s8 "L
9z8° 1
£28°L
618°L
nLg°L
608° L
n08°L
86L° L
Z6L" L
SSL® L
8LL L
69L° L
09L°L
0SL"L
8EL"L
SZL*L
60L°L
z69°1
LL9°L

oL

Ssé°L 8LL®L 069°L ELh L 002
Lhg "L S9L°L 6L9°L n9n°L 001
nE8*L 65L°L €L9°L 091°1L 08
nL8°L LhL®L 959°L Lun°L 0s
Los*L 8zL®L Sho°lL gEN"L oh
Z6L L 0zL"L 8€9°1L zen"L SE
6LL"L 80L"1 LZ9%1 seheL 0€
9LL"L 90L°L sz9°1L £ZhL 62
€LL®L €0L°1 zz9°L LzhelL 8z
oLLL 00L°L 6L9°L sLh®L LT
99L°1 969°1 9L9°L 9Lh°L 9z
zoL*L €69°L EL9°L ninL ¥4
8SL°L 689°1 oL9°L Lih®L 14
nSL*L 589°1L 909°L got°lL X4
6hL°L 089°1 Z09°1 Son°L 44
€nLL SL9°L L6S°L Low L 1z
8EL*L 0L9°L z65°1 86€°1L 02
LEL"L #99°1 L8S°L £6E°L 6L
nzLeL LS9°L 185t 68€° 1L 8l
9LLL 0s9°L nLS L n8E "L Ll
80L"L zn9 L L9G°L 8LEL 9L
869°L €€9°L 655 °L TLE"L st
L89°L €29°1L 0sS° L S9€E°L i
nL9*L LL9°L 6€S°L 9g€°L €L
099°L 865°1 LTS 1 LhE"L zZi
EN9°L z8s°L E1G°L 9gE°L i
€29°L n9s°1 96n° 1L £2€°L oL
009°L Zns L 9Lyl LOE"L 6
ZLSL 9L6°1 Zsnel 88Z°L 8
LES"L ngn°L zen *L S9Z°L L
€66°L ZnheL nge" L SEZ°L 9
SEH°L 88€ "L nee L S6L°L S
nLE*L 99z° ¢ onLeL ]
LOZ°L 991 °L 850°L 3
800° L 9Z6°0 z
€L9°0 L
S € 4 L
LNOD QOH
T G 2o 1w 40 °ON

SHTIVYOdRALNOD (I IATAON J0 SHYUIS 40 YIHHON TOTEI AV

%0€ 40 XLITIGVLVAGEY FOVYIAVY NV HLIM STUIS 40 SYIHWON HNIXYYA X€

(INOD aOR)

P

SATYVYOJdRALNOD QATIIIAON 40 SUAGNAN ONIZIVA ONTAVH SAI0DIY 904 SIHOIIM NOIIVIDVI--°L ATAVL

50




- - - — > = = - s G T Y D D Y N S S D S 5 S S S D NS S5 e e S S e e e e G S Y S G e - -

296°1L 1s6°1L one°l 616°1L 658°L €8L°1L 869°t nghclL 00

96"l 9£6°L GZ6°L no6° L she°l LeLeL 989°L SL°L 00t
6£6°L 8Z6°L 8Lé6°L Leg L 8e8"L hoL*L 089°L oLh*L 08
9L6°1L 906°L 968°1 GL8* 1L 8L8°L onL L €99°L LSH°L 0s
L06°L 168°L 18g°L 198°L hos°L EEL"L 259° L 6L ot
L68°1 188 °L LLg*t Ls8° 1 S6L°L SZTL*L f1h9° L EnncL 13
LLg*iL L98°L 858°L BES"L g8L*L ELLL ne9* L Sen*t (13
n98°1L n58°1L SE8° L 08L°lL LiLeL ZE9"L EEN®L 62
198°1L Ls8°L ZES*L 9LL*L 80L"L 629°L Len®L 8z
LS8°1L L8 L 8Z8° L ELL"L SOL°L 9z9°L 6ZH°L Lz
£58°L Eng L nz8 L 69L°L toLetL €29°1 9zh°L 9z
618 °L 6£8°1 028°1 99L°L 869°L 0z9°L wzheL sz
the°L SE8°L 918°1L L9L"L 1691 919°1L Lznt vz
6€8°L 0E8°L Lig* L LSL*L. 069°L ZL9°L gLhi°L €2
nes L nzg©lL 9208°L ZsLL G89°1L 809°1 SLh*L Zz
8Z8°L gLg°L 008°1L LuL®L 089°1L 109°i LiheL 1z
Lze it ZL8 L neL°L LhicL GL9"L 665° L LOh*1L 0z
G08°1 L8L*t neL*L 699°L £65°L E0h°L 6L
L6L"L 6LL*L LZL®L z99°L L8S° 1 66E°L 8l
68L°1 LLi*y 6LL L G59°1 18S°L £6€°L LL
6LL"L zZoL L oLL"L Lh9*L ELS" L 88E"L 9L
69L°L LsLeL LoL*tL 8E9°L G96°L LgE"L L
onL°L 069°L LZ9°L 955° 1 hLe*L fL
9ZL"1L LL9"L 9L9°L shs L 99¢°L £L
LLL®L £€99°L z09°L £€S° L 9ce°L zL
€69° 1 9h9°L L8S°1L 8LS L Ghe®L Ll
zZL9L 9Z9°1L 896°1L zos°1L zee*L oL
€09°L 9ns°L Leh L 9LE"L 6
weG L 0ZS°1L LSt" L L6Z°L 8
6€S°L Lsh°L Lz L ELT"L L
s6h°L onh°L 68€° L Zheey 9
LEN®L L6E"L 6EE "L zoz°L S
LLE®L oLzt 9nL°L f
oLz-L oLL L 190°L €
0L0°L 0€6°0 z
9L9°0 X
- 0€ 0z Sl oL S 3 z I
INOD QOR
e —————————— 40 °ON

SATYVEOINIINOD AIAIAIAON 40 mmmHm 40 SI9RAN IOVHIAV

- - = o o ——— —— —— — — — - —— ———— e G o T = ———— - e

¥0f 40 XLITIAVLVZdZY JOVIEAY NV HLIM STHIS 40 SYIAWAN ONIXNVA Xd (INOD UOR)
SATYVYOdHALNOD (ATAIAON 40 SUIAWAN ONIXYVA ONIAVH SQU0DIY H0d SLHOIAM NOILVLOVI--°*¢ HT4VL

51




£96°1L
Lh6°L
6€6°L
LL6°L
Z06°1L
z68°L
8L8°L

s . = T ! S, T o . T — — ——— S —— - = =~ e - ———— -

-0t

SITYVIOARILAOD AIIAICOR 40 STIIS 40 YAIHON HOVITAX

zs6°L
LE6"L
626°L
LO6°L
z68°L
z88°lL
898°1L
598°1L
z98°L
858°1
158°1L
058°1
shg°L
ong°L
gEg°L
628°L
zzs L

114

£0G 40 ZIITIAVIVIJEY TOVHHAV NV HLIM SHYIS 40 SUTANAN D NIZYUA Nm (ZROD aOR)

Zné°L
9Z6°1L
6L6°L
Leg°L
z8s8°L
zLs*L
658°L
958°L
zs8°L
8ng° i
hhg°L
ong°L
9e8°L
LEg L
szg°L
0z8°1
€L8"L
908°1
66L°L
06L°L
8Ll
oLL*L

sl

1z6°L
906° L
668°1L
LL8*L
£98°1L
£58°1L
ong°L
LEB L
€€8°1L
0€8° 1
9z8°1L
zzs*L
Lig"L
£18°1
LO8"L
z08°t
S6L"L
88L" L
L8L"L
€LL L
£9L°1
€SL L
LnLoL
8ZL L
AW
S69° 1
nL9°L

oL

z98°1L
ghg°lL
Lh8°L
1z8°L
808°lL
86L°L
98L°1
€8L°L
0si°L
9LL"L
€LL"L
69L°1L
h9L°L
09L°L
SSi°t
0sL"lL
whicL
LEL"L
0EL"L
zZZLL
€LL®L
hoL®L
Z69°L
089°1L
G99°L
8ho°L
6Z9°L
S09°L
LLG L
Zns°L
Lefi®L
6Eh°L

68L°1
9LL"L
oLLL
LsLetL
8EL"L
0EL"L
BLL"L
SLLei
ELL"L
60L°L
90L°1
zoL L
669° 1
n69°L
069°1
589°L
6L9°L
€L9°L
L99°L
659°1L
159°1
Zn9°L
zeo©L
0z9°1
909°1
16S°1L
ZLS L
0SS°1L
nzé°L
L6n L
6fieL
S6e°L
0zZE*L
ZLz L

S0L° L
£69°1L
L89°L
0L9°L
659° 1
159°1L
Lh9* L
89 L
9£9° 1
€€9°1L
0£9° L
9z9°L
£29°1
6L9°L
S19°1L
oL9°L
S09°4
009°L
#65° 1L
L8S°L
6LS° L
LLSeL
z9s°1L
LG5 °L
8€5° L
nZs°L
LOS* L
Lsh° L
£9h° L
zen L
H6€° L
€he°L
nLze L
gLL°L
£10°1

S6H°1L 002
9gh°L 00L
Lgn°L 08
8ot "L 0S
6Sh°L ot
€sn L g
ShhL o€
etneL 62
LhtL 82
6EH"L LT
9En" L 9z
nen L 5z
LEn L T4
8zH°lL €2
szh°lL 44
Lzt iz
LinL 0z
ELhelL 6L
80H° 1 8L
g0t L Lt
L5€°L 9L
L6€°L 51
£8€e°L nL
SLE®L €L
S9€°L zZL
nSe°l L
ohE*L oL
sze*L 6
s0€°L 8
L8Z°L L
0sz°1L 9
602°L S
ESLL f
0L0°L £
SE6°0 z
8L9°0 L
L
INOD QOW
40 °*ON

SITYVEOJNALNOD QAIAIAON 40 SYIAWON ONIXYVA ONIAVH SAY0DZW H0d SLHOIEAM NOILILVIOVTI--°€ ZT4dVL

52



- e . D T e P T D D D GP WD n E  eAD  T GE ED GD G T G S S G W D T D e W e - - e - -

€96°1L €S6°1L Eh6°L €26°1L S98°L heL®L ZLLC L 90s°L 002z

8h6°L BE6 L 8C6°1L 806° 1 zs8°L L8L L 0oL"L Len‘L oot
on6°i 0€6°L 0z6*L L06°L She°L SLL®L G69° L Zoh L 08
LLé6°L 806°L 868°1L 6L8° 1 hze'lL 9SL° 1L LL9*i 6Lh"L 0s
£06°L £68°L n8g L G98°1L LLectL EnL°L 999°1 oLh°L oh
zZ68° L €88°L €L8°L §S8° 1L L08°L GEL®L 859°L non°lL SE
6L8"L 698 °1L 098°L zhe*L 68L°L €TLL Lh9° L 9sh L o€
998°1L LS8°1L 8es" 1 98L"1L 0zL°L Sh9°L ShetL 62
z98°L £S8°L SE8°L gaL"lL LLL®L Zh9°L Zsh°L 82
658°1 0S8°1L zeg* i 6LL"L 1WA 6€9°L 6hh°lL Lz
Gs8°L 9ng°L 8z8°L 9LL"L LLL®L 9€9°1L Lhh®i 9z
0s8°1L Lheci €28°1 ZLL*L LOL"L EE9°L hhncl Y4
I8 L LEB" L 6L8°L 89L°L €0L°L 629°L LoncL nZ
Lhg L zes* L nis*1 £9L°1L 669°1L SZ9°L BEH°L €z
GEB"L Lzg*iL 608°L 8SL°L n69°1L Lz9°t SEN*L 44
oes°L Lzg*L €08°1 ESL°L 689°1L LL9"L LER® L Lz
ET8 L nL8°L L6L"L LuL®1L ©89°1L 4% 0% 8Zh°L 0z
L08"°L 06L° L ohL"L 8L9°L 909°1L €Zh°L 64
008°L €8L"L EELL LL9°L 009°L gLh°L 8t
L6L°L nLL®l szL L n99°1L £6G°L ELn°L LL
[4:F A S9L*L 9LL"L 959°1 985° L LOh®L 9L
LLL®L LITANY oL L Lh9°L LLS*L Loh*L St
EvL° i S69°L 8E9°L 89S°4 €6€°1L ni
6ZL L €89°L wzo°L LSS°L n8E°L EL
wLlcL 899°1L LL9°L sl SLE"L 4}
9631 1S9°L G6G°L 0ES°L €9€°L Lt
SL9°L LeEg°L 9LG°L ELS° L 0S€°L oL
809°1L nss L E6t1°L EEE"L 6
6LS"L 8ZS°1L 89#h° 1 nie*L 8
hhG°L S6f1°L LER"L 68Z°1L L
66%°1L ESH°L 66€° L 8GZ°L 9
LhhcL 86E°L 8hE L Lz L S
£ze®L 8LZ L 6SL°L h
Stz L 9LL*L SLO°L €
SL0°1L 6€6°0 6
089°0 l
o€ 1 T4 St ol S 3 z L
LNOD UOHN
e e e e e e e a0 °OH

- - —— - ——— - ——— o B e - = e e - - ——— . — ——— ———— —— —— — ———— ———_—

%09 40 XLITIAVLIVIdIY IOVEIAV NV HIIM STYIS J0 SYAGWAN HNIZYVA Xd (INOD QOW)
SATIVIOdRILNOD JITIAICOR 40 STIARAN ONIXHIYA ONIAVH SQU0DIY HO4A SLHOIIM NOILVLOVI--*f JTAVYL

53



- e e e s e e e o e - > T - D S D D e S S S D D S G e . - -

h96°L n56°L hnecl SZ6°L 698°L 66L°1L 0L LISt ] 114

gné°l 6€6°L 626°1 0L6° L ss8°L 98L°1 80L"L 80S°1 001
N6 L LEG L Lze L z06°1L ghs°L 08L°1 zoL®L €05°1L 08
8L6°L 606°L 668°1 188° 1L Lz8°L LoLeL ng9° L 06h°L 0S
£€06°1L n68°1 S88°L L9g"L nLgL 6nL"1 €L9°1 18h°lL of
£68°1 1881 nLgeL LS8° L 508°L onL°L 599°1 SLhcL S€
6L8°L oL8°L L9g°L gng°L Z6L L gzL L nS9°L 99n° o€
L98°1 858°L ong*t 68L°1 SZL®L zs9°L ELN 62
£98°1 nsg°L LES"L 98L°L zzLeL 619°1 Zon°"L 8¢
098°1L 58"t £€8° 1 €8L°L 6LL"L 9n9°L - 09f1°L Lz
958°1 Lhg° L 628°1L 6LL"L 9LL°L £n9° 1 LSh°L 9z
Lsg°L €ng L SZ8° 1L SLL*L ZLLCL on9 L SSh°L 4
Lhg L 8€8 L Lzg L LLLet 80L°L 9€9° ¢t zsn L 1T
AT M1 €€8°1 9i8° 1L 99L°L 1oL L ze9°L 6nn°L £
9e8°L 8z8°L Lig*L LoLeL 669°1L 829°L Shh°L zZ
0EB L zz8°L 508° 1L 9sL°L n69°L €29°L ZohL 1z
nzg i SL8°L 66L°1 0SL°L 689°L 819°1L BEH°L 0z
808°1 z6L L gnL L £89°1L £L9°L EEH L 61
Los°L n8LL 9€i°lL 9L9°L 909° 1 6Z0°L 8l
z6L"1 9LL L 8zL L 699°1L 009°L gzn L LL
€8L°L 99L°L 6LL L 099°1 Z65° L LLhL 9L
ZLLeL 9GL° L 60L°L LS9°L n8s °L oLh°L S1
nhLcL 869°1 Lh9°L nLS® L €0h°L fi
LEL®L S89°L 629°L €95°L n6E°L €l
SLL°L LL9L SL9°L 0sS° L n8e°L zL
L69° L ns9°L 665°1 9€5 L ZLE®L LL
9L9°L nEY°L 18S°L 6LS°L 6SE°L oL
0L9°L 8SS°L 861 °L ZheL 6
z8s$°L ZES°L €L L zzE L 8
9nS°L g6t ° L gnncL L6T°L L
zos°L 95#1°1 non°L 99Z°§ 9
Enncl Lon°L zse"L nzeeL S
9ze*L z8Z°1 991L°L h
LizeL 08L "L L80°L £
8L0°1L EN6°0 4
€89°0 L
o€ 0z Si oL S 3 z L
1HOD QON
T T —— 40 °*ON

%0. 30 XLITIAVLIVAdAY FOVIIAV NV HLIA STYIS 40 SYIGHON H9NIX¥VA Xd (INOD QOR)
SHTIVIOdRALNOD AIIATIAOR 40 SYAAWON ONIZXYVA ONIAVH SAI0DIY Y04 SILHOIEAM NOILVLOVI--*G ATANL

54



h96°L GS6°1L Shé°L LZ6°1 cLs’t S08°1L LeLet 62S°L 00c

6n6°L 6€6°L 0€6°1L Zi6° 1 8S8°L Z6L"L SLL°L 0z5°L 0oL
Lh6°L ZE6"L €26°L n06°L Lss°L S8L°L 60L°% SIS°L 08
6L6°L 606°1L 006°L £88°1 LE8 L 99L°1 169°L L0S°L 0S
106 °1 568°L 988°L 898°1L L18°L nsLel 089°1 Z5h°L o
£68°L s88°L 9L8°1 858° L 808°L shL®l ZL9"L 9gh°lL 3
088°1 LL8* L z98°1L shg°lL S6L°L €eLlL 199°1L LLhL 0€
898°1L 658°1 Zhe 1L z6L°1 0cL"L 659°L sLh°L 62
n9g L 958°1L 8EQ°L 68L°L LzLet 959° ¢ ELh®L 8z
098°1 zs8°1 Ge8° i 98L°L nzLoL £59°L LLhelL LZ
958°1 ghs L LES®L Z8LcL LzLeL 059°L 8oH° 1L 9z
zg8°1 T LZ8°t 8LL"L LiLei 9n9° L S9n°L 4
ghe°L 6€8°L zzecL nLicL ELL"L €h9° L E9h°L T4
Eng i nE8 L Lig*t 69L°L 60L°L 6E9°L 65h°L 34
LES"L 6Z8°L Zi18°L n9i°L HoL*L 4€9° L 95H° 1 zz
Lgg L £28°1 908° 4 65L°L 669°1 0£9°1 ZsheL 1z
sZ8°L Li8°L 008°1 £SL°L £69°1 SZ9° 1L shh°L 0z
oLs°L €6L° L InL"L L89°1L 6L9°L nhhol 6L
z08°L 9gL°1L 6EL"L 189°1L €1L9°1 6EH° L 8L
£6L°1 b LEL®L €L9°1L 909°L EEN° L L1
n8LL 89L°1L o 599°1 865° L LzhL 91
gLLE LSL® L ZLL®L 959°1L 065 °L ozh L SL
9ni°L LOL®L Sho°L 08S°1L €Lyl i
ZeL®L 889°L €E9°L 695 °L noh° L £l
LiL®L nLscL 6L9°1L 955° 1 n6E"L zZi
669° L L59°1L €09°1L Zhs° L zge L L
8L9"L LES"L S85°1L nzs° L BIE"L oL
€19°L £95°L noS°L Lse°L 6
n8s° L 9g6°1L 6LH L LEE"L 8
6hS°L zos°1 ght L 90€°L L
10S°L 09h°1 80h° L TRAL 9
shh°l non°L LGE% zez L S
62€°L 98Z° 1 ELL°L f
0zz°L €8L°L L80°lL 3
020° 1 816°0 z
$89°0 1
o€ 0z Si oL S € z 1
LNOD dOH
e e e e o e e e e e S e e i S R 8 - - S e o e o e e e 40 °ON

SITYVYOINELNOD JIIAIAON 40 SHUIS 40 YIAHON IOVHI AV

%08 40 XLITIGVIVIdEY FOVIFAAV NV HIIM STUIS J0 SHIGWOAN ORI XgvA id (INOD QOW)
SITIVYOJNILNOD JIIAIAOR 40 SYAGHOR ONIZXYIVA OSNIAVH SQU0DIY H04 SLHOIEAM NOILVLOVI~-*9 ITHVL

55



- - - - T - - S A S Y S R P R e G R S G R e e A e S =S e .

S96°1 9G6°L Lhé°L 826°L 9L8°L oLs°tL heL®L Lhs°L 002z

1 056°1L 0n6°1L LE6° L nl6°L z98°L L6L°L zeLeL LES"L 00i
Zn6°L €€6°L nz6°L 906°1L Ss8°lL L6L°L.  9LL"L 9zs°1L 08
6L6°L oL6°L z06°L #88° 1 nES L bLL®L 669°L ZLs L 0S
106°1 968 °L L8s°lL 0L8°tL Lz8°L 6SL°L L89°1L €0S°1L ot
168°L 588 °1L LL8"L 098°1 Lig°L 0SL°L 6L9°L Lefi°L S€
088°1L ZLs L £98°1 Lhg"L 66L°1L 8EL"L 899°1 88h° 1L o€
698°1L 098°1 nhg* L 96L°L SELL 599°1 9gh° L 62
S98°L LS8°L ong L Z6L"L ZEL"L €99°1 ngh° L 8z
198°1L £58°L Les" L 68L°L 6ZL°1L 099°1L Lef°L LT
Lsg°L 6u8°L £E€8°1L S8L°l 9zL*L LS9°L 6LhL 9z
£58°1L She°lL 8z8° | L8L"L zzL L £59°L oLh"L 5
ghg°lL ong-L nz8°L LLL"L gLL L 6h9° 1L ELh"L T4
£ng° L SE8°L 618° 1 ZLLL niLoL 9n9°L oLn°L €z
geg L 0c8 "L 118l L9L"L 60L°1L Lh9° L L9%h°1 2z
zes L nze°lL 808° 1L zoL L noL°1L 9€9°1L £9f°L [
9z8°L 818"l z08°L 95L°L 869°1L LE9® L 6SH°L 0z
LLs°L S6L° ) ehLL z69°1L 9z9°1 T M1 6L
£08°L L8L"L Zni°L S89°1L 6L9°1L 6nh°L 8L
n6L°L 6LL"L neELL 8L9"L €19°L TIN Ll
S8L°L oLL"L szLeL 0L9°L S09°1 gEH°L 91
nLLel 6SL° L SLL®L 099°1L 965 °L LER"L Sl
LuL®L 10L°L 0s9°L 985° L €zheL ni
hEL®L 169°L 8e9°lL SLS"L nincl €L
gLL®L 9L9°L nz9°L €95° 4 not°L A
00L° L 659°1 809°L ghs L z6€°lL Lt
6L9°1 6£9°L 685°1L 0€S° L LLE®}L oL
9L9°L L9s°L 606 °L L9g"L 6
L8S°L 6€S°L LM oneEL . 8
LSS°1L 905 °1L £sh °L SLE°L L
906°1L €90°1L gLl z82°L 9
Lan°lL gon°lL L9E L 6€2°L S
zee L 062" L 08L°L f
zzze L LsL°L €60°L €
£20° 256°0 z
L89°0 L
(13 0z St oL S 3 z L
INOO QoW
e - e e - — e m—— . e - S E— e ————————— e e e e e d0 °ON

SATAVIOARILNOD (ITJIICOR 40 STUIS 40 FIAHAN IOVITAY

e s o ————— e — - —— — - - - ——— — — — T — — — — — — —— - A ——

X06 40 XIITIIYIVIAIY FOVIIAV NV HLIM SAYIS J0 SHICGHAN ONIXYYA 19 (INOD QOR)
SITYVEOdRIEINOD (JIILIGOR 40 SHIENAN ORI XAVA ONIAVYH SAY0DI4 J04 SLHOIAM NOILVWIDNT--°L TT4IVL

56



TABLE 8.--PERCENT REPEATABILITY FROM 10 ‘DAUGHTERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS CF HERDS AND WITH
VARYING SUMS OF LACTATION WEIGHTS (LACWHT)

- o > = e B WP VD = D = W - D s e e G - ---—---—--—-—-—--—_—-s

APPRCX., AVEIRAGE NUMBER OF HERDS

¥O. ,OF SUM OF ——=c—cece e e cemecmc e

BECORDS  LACWT 1 2 5 10:
omekombiohin il phoetiasie aS b ki bud i i b o o= b e o e e, soendiddncsdesndduissssiedimnes -

0.7 14 17 20 21

0.8 14 18 21 23

0.9 15 19 23 . 24

1.0 16 20 28 26

1.1 16 21 25 27

1.2 16 21 26 28

" 13 17 22 27 29

1.4 17 22 28 30

1.5 17 23 28 31

1.6 18 23 29 32

1 1.7 18 24 30: 33

1.8 18 24 30: 33

1.9 18 25 31 34

2.0 18 25 31 34

2.1 19 25 32 35

2.2 19 25 32 36

2.3 19 26 33 36

2.4 19 26 33 37

24 5 19 26 34 37

2.6 19 26 34 37

2.7 19 27 34 38

2.8 19 27 35 38

2.9 20 27 35 39

3.0 20 27 35 39

3.1 20 27 35 39

3.2 20 27 36 40

3.3 20 28 36 &0

3.4 20 28 36 40

2 3.5 20 28 36 40

3.6 20 28 37 81

3.7 20 28 37 41

3.8 20 28 317 81

3.9 20 28 37 a1

4.0 20 28 37 42
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TABLE 9.--PEBCENT REPEATAEILITY PROM 20 DAUGHTERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS OF HERDS AND WITH
VARYING SUMS OF LACTATION WBIGHTS (LACWHT)

APPEOX, = AVERAGE NUMBER OF HERDS
KO, .OF sUM OF e e e e e e e e A N S s e e a e
RECORDS LACHT 1 2 4 5 10 20 -
e S G A e - S e LSS d G ceescs e ase S S ee e e
0.7 18 24 29 30 33 35
0.8 19 25 R 32 35 37
0.9 19 26 32 34 37 39
1.0 20 27 33 35 39 41
1.1 20 28 34 36 40 42
1.2 20 28 35 37 41 44
1.3 20 29 36 38 42 45
1.4 21 29 37 39 43 46
1.5 21 30 37 39 44 47
1.6 21 30 38 40 45 48
1 1.7 21 30 38 41 &6 49
1.8 21 31 39 41 47 50
1.9 22 31 39 42 47 51
2.0 22 31 40 42 48 51
2.1 22 31 40 43 48 52
2.2 22 32 41 43 49 53
2.3 22 32 41 43 49 53
2.4 22 32 41 44 50 54
2.5 22 32 41 4y 50 54
2.6 22 32 42 4y 51 55
2.7 22 32 42 45 51 55
2.8 22 33 42 45 51 55
2.9 22 33 42 45 52 56
3.0 23 33 43 45 52 56
3.1 23 33 43 46 52 56
32 23 33 43 46 53 57
3.3 23 33 43 86 53 57
3.4 23 33 43 46 53 57
2 3.5 23 33 g4 46 53 58
3.6 23 33 44 47 54 58
3e7 23 34 44 47 54 58
3.8 23 34 44 47 54 58
3.9 23 34 44 47 54 59
4,0 23 34 44 47 54 59
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TABLE 10,--PERCENT REPEATABILITY FROM 30 DAUGHTERS EQUALLY
- DISTRIBUTED IN VARYING NUMBERS OF HERDS AND WITH
VARYING SUMS OF LACTATION WEIGHTS (LACWT)

--—‘——-—-a-—--—— - e an @ oo - ---——--—.--——-————- . e e i > T e s o o S

APPROX.  AVERAGE NUMBER OF HERDS
NO. OF "SUM OF AR s o e 4 - 2 o et e s e T e e e v o s o

RECOBDS  LACHT 1 2 5 10 15 30

0.7 20 28 37 41 43 44

0.8 21 29 38 43 45 47

049 21 30 80 45 47 49

1.0 21 31 41 46 49 51

1.1 22 31 42 48 50 52

1.2 22 32 43 49 59 54

1.3 22 32 4t 50 52 55

1.4 22 32 4s 51 53 56

1.5 22 33 45 52 54 57

1.6 23 33 46 53 55 58

1 1.7 23 33 46 53 56 59

1.8 23 34 47 54 57 60

1.9 23 34 47 54 57 61

2.0 23 34 88 55 58 61

2.1 23 34 48 55 58 62

2.2 23 34 48 56 59 62

2.3 23 35 49 56 59 63

2.4 23 35 49 57 60 63

2.5 23 35 49 57 60 64

2.6 23 35 49 57 61 64

2.7 24 35 50 58 61 65

2.8 24 35 50 58 61 65

2.9 24 35 50 58 62 65

3.0 24 35 50 59 62 66

3.1 24 35 50 59 62 66

3.2 24 36 51 59 62 66

3.3 24 36 51 59 63 67

3.4 24 36 51 59 63 67

2 3.5 24 36 51 60 63 67

3.6 24 36 51 60 63 67

3.7 24 36 51 60 64 68

3.8 24 36 51 690 68 68

3.9 24 36 52 60 64 68

8.0 24 36 52 60 64 68
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TABLE 11.+--PRRCENT REPEATAEILITY FROM 40 DAUGHTERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS OF HERDS AND WITH
VARYING SUMS OF LACTATION WEIGHTS (I.ACWT)

APPROX.  AVERAGE NUMBER OF HERDS

NO. OF SUM OF —==——=—=~—mmm e e e om

BECORDS  LACHT 1 2 5 10 20 - 40 -
0.7 21 31 41 47 50 52
0.8 22 31 43 49 52 54
0.9 22 32 44 50 : 54 56
1.0 22 33 45 52 56 58
1.1 23 33 46 53 57 60
1.2 23 34 47 54 58 61
1.3 23 34 48 55 60 62
1.4 23 34 48 56 61 63
1.5 23 35 49 57 61 64
1.6 23 35 49 57 62 65

1 1.7 24 35 50 58 63 66
1.8 24 35 50 58 64 67
1.9 24 35 51 59 64 67
2.0 24 36 51 59 65 68
2.1 24 36 51 60 65 68
2.2 24 36 51 60 66 69
2.3 24 36 52 61 66 69
2.4 24 36 52 61 67 70
2.5 24 36 52 61 67 70
2.6 24 36 52 61 67 71
2.7 24 36 53 62 68 71
2.8 24 37 53 62 68 71
2.9 24 37 53 62 68 72
3.0 24 37 53 62 68 72
3.1 24 37 53 63 69 72
3.2 24 37 53 63 69 72
3.3 24 37 54 63 69 73
3.4 24 37 54 63 69 73
2 3.5 24 37 54 63 70 73

3.6 24 37 54 64 70 73
3.7 24 37 54 64 70 74
3.8 24 37 54 64 70 74
3.9 24 37 54 64 70 74
4.0
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TABLE 12,--PERCENT REPFATABILITY FROM 50 DAUGHTERS RBQUALLY
DISTRIBUTED IN VARYING KUMBERS OF HERDS AND WITH
VARYING SUMS OF LACTATION WEIGHTS (LICII)

APPROX. AVERAGE NUMBER OF HERDS

RO. OF SUM OF RS 6 20 e 00, s o £ . e il o s o i e e e = b iy

RECORDS LACNT 1 2 5 10 25 50
0.7 22 32 44 51 55 57
0.8 23 33 46 53 58 60 -
0.9 23 34 87 54 60 - 62
1.0 23 34 48 55 61 63
1.1 23 35 49 57 63 65
1.2 23 35 50 5¢ 6 66
1.3 24 35 50 - 58 65 67
1o 4 24 36 51 58 66 68
1.5 24 36 51 60 67 69
1.6 24 36 52 60 67 70

1 1.7 24 36 52 61 68 71
1.8 24 36 52 61 69 77
1.9 28 37 53 62 69 72
2.0 24 37 53 62 70 72
2.1 24 37 53 63 70 13
2.2 24 37 54 63 71 73
2.3 24 37 54 63 11 (L
2.4 24 37 5& 64 71 74
2.5 24 37 54 68 72 75
2.6 25 37 54 68 72 75
2.7 25 317 55 64 72 75
2.8 25 37 55 65 73 76
2.9 25 38 55 €5 73 76
3.0 25 38 55 65 73 76
3.1 25 38 55 (1 13 76
3.2 25 38 55 65 73 77
3e3 25 38 55 (11 L 77
3.4 25 38 56 66 L 77
2 3e 9 25 38 56 66 (L 77

3.6 25 38 56 66 ™ 77
3.7 25 38 56 66 74 78
3.8 25 38 56 66 75 78
3.9 25 38 56 66 75 18
4.9
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TABLE 13,+-PERCEHT REPEATABILITY FROM 60 -DAUGHTERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS CF HERDS AND WITH
VAR!IIG SUNS OF LlCTATIOH WEBIGHTS (LLCWT)

APPROX.  AVIRAGE NUMBER OF HERDS

IO. Or SUN Ol' dnloiy mlom b kb Mok dpl il b o i il i b ol do p oo IF IS o bt i Do o

RECORDS . LACWT 1 2 5 10: 30 60 -

ESw e E e S e N e E i NGt St aac e se e hdd s e ddsncsded s asd e
0.7 23 34 47 54 60 61
0.8 23 34 48 56 62 64
0.9 23 35 49 57 64 66
1.0 : 24 35 50 58 65 67
1.1 24 36 51 59 67 69
1.2 24 36 52 60 - 68 70
1.3 24 36 52 61 69 71
1.4 24 36 53 62 10 72
1.5 24 37 53 62 70 73
16 24 37 53 63 n T4

1 1.7 28 37 54 63 72 74
1.8 24 37 54 64 72 75
1.9 25 37 54 64 73 15
2.0 25 37 55 65 73 76
2.1 25 38 55 65 74 76
2.2 25 38 55 65 14 77
2.3 25 38 55 65 715 77
2.4 25 38 55 66 75 78
25 25 38 56 66 15 8
2.6 25 38 56 66 75 78
27 25 38 56 66 76 79
2.8 25 38 56 67 76 79
2.9 25 38 56 67 76 79
3.0 25 38 56 67 76 79
3.1 25 38 56 67 11 80
3.2 25 38 57 67 77 80
3.3 25 38 57 67 17 80
3.4 25 38 57 68 17 80 -
2 3¢5 25 38 57 68 77 80

3.6 25 39 57 68 78 80
3.7 25 39 57 68 78 - 81
3.8 25 39 57 68 78 81
3.9 25 39 57 68 78 81
.. .
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TABLE 14.--PERCENT REPEATABILITY FROM 70 DAUGHTERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS CF HERDS AND WITH
VARYING SUMS OF LACTATION WEIGHTS (LACWT)

. e e D S T " e G G G T - A T a0 P A W W T G TP s D W GO e W WP e P

APPROX, AVERAGE NUMBER OF HERDS
NO. OF SUM OF ——~-c-—omm oo mm e c e e e e
RERCORDS LACNT 1 2 5 10 35 70
- e . - = " B e s P W > D O D T D S o e b = P o b b S b o b =6 e
0.7 23 35 49 56 63 65
0.8 24 35 50 58 66 67
0.6 24 36 51 59 67 69
1.0 24 36 52 60 69 71
1.1 24 36 52 61 70 72
1.2 24 37 53 62 " 73
1.3 24 37 54 63 72 74
1.4 24 37 54 64 3 15
1.5 25 37 54 64 74 76
1. 6 25 37 55 65 L 77
1 1.7 25 38 55 65 75 77
1.8 25 38 55 65 75 78
1e9 25 38 56 66 76 78
2.0 25 38 56 66 76 79
2.1 25 38 56 66 77 79
2.2 25 38 56 67 77 79
2.3 25 38 56 67 77 80
2.4 25 38 57 67 78 80
2.5 25 38 57 67 78 80
2.6 25 38 57 68 78 81
2.7 25 39 57 68 78 81
2.8 25 39 57 68 79 81
2,9 25 39 57 68 79 81
3.0 25 39 57 68 79 82
3.1 25 39 57 68 79 82
3.2 25 39 58 69 80 82
3.3 25 39 58 6¢ 80 82
3.4 25 39 58 69 80 82
2 3.5 25 39 58 69 80 83
3.6 25 39 58 69 €0 83
3.7 25 39 58 69 80 83
3.8 25 39 58 69 80 83
3¢9 25 39 58 69 81 83
4.0 25 39 58 69 81 83
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TABLE 15.+-PERCENT REPEATABILITY FROM 80 DAUGHIERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS OF HNERDS AXD WITBH
VARYING SUNMS OF LACTATION lBIGHTS (LACWNT)

ﬁ-—-—-‘—--—--—--’—-------—-----------_—-- —————— b-bﬁb-—— --—--

APPROX. AVERAGE WUMNBER OF HERDS

NO, OF ‘'SUM OF e e e e e e e e st e m——————

RECORDS  LACHT 1. 2 5 10 - 80 - 80

o T i e 5 e 0 b 0 3 0 oo s b b g b i o b e
0.7 24 35 50 - 58 66 68
0.8 24 36 51 60 - 68 70 -
0.9 24 36 . 52 61 70 - 72
1.0 24 37 53 62 72 13
1.1 24 37 54 63 73 - 15
1. 2 24 37 54 64 N - 76
1.3 25 37 55 65 75 77
1.8 25 38 55 65 15 17
1.5 25 38 55 66 76 78
1.6 25 38 56 66 17 79

1 1.7 25 38 56 66 17 79
1.8 25 38 56 67 78 80
1.9 25 38 57 67 78 80
2.0 25 38 57 67 79 81
2.1 25 39 57 68 719 81
2.2 25 39 57 68 79 82
2.3 25 39 57 68 80 82
2.4 25 39 57 68 80 82
2.5 25 39 58 69 80 82
2.6 25 39 58 69 80 83
2.7 25 39 58 69 81 83
2.8 25 39 58 69 81 83
2.9 25 39 58 69 81 83
3.0 25 39 58 69 81 84
3e¢1 25 39 58 70 81 84
342 25 39 58 70 82 84
343 25 39 58 70 82 8s
3.4 25 39 58 70 82 84
2 3.5 25 39 59 70 82 84

3.6 25 39 59 70 82 85
3.7 25 39 59 70 82 85
3.8 25 39 59 70 82 85
3.9 25 39 59 70 83 85
4.0 25 39 59 70 83 85
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TABLE 16.—-PERCENT REPEATABILITY FROM 90 DAUGHTERS EQUALLY
- DISTRIBUTED IN VARYING NUMBERS OF HERDS AND WITH
VAB!IIG SUNS OF LACTATION WEIGHTS (LACHT)

- s s S S D G R D D G W W D ED S e D W A W P A W T D G D P = e S T D A . G S D P D WA AP G D TR WS = G WD T an w. w

APPROX. . AVERAGE NUMBER OF HERDS
KO OF "SUM OF ——— e S e - - S e — e —— e ————— -
BRECORDS LACNT 1 2 5 10 45 90
--}-—n—--————_——-——-——- - an o= - oman =n ---s-.—-s--n -&d———-—-’.—-——-’.—--—'—-’_--
0.7 24 36 51 60 69 71
‘068 24 36 52 61 71 73
09 24 37 53 63 73 74
1.0 24 37 54 64 L 76
1.1 25 37 55 64 75 77
1.2 25 38 55 65 76 78
1.3 25 38 56 66 77 79
1.4 25 38 56 66 78 79
1.5 25 38 56 67 78 80
1.6 25 38 57 67 79 81
1 1.7 25 38 57 68 79 81
1. € 25 39 57 68 80 82
1.9 25 39 57 68 80 82
2.0 25 39 57 68 81 83
2.1 25 39 58 69 81 83
2.2 25 39 58 69 81 83
2.3 25 39 58 69 81 84
2.4 25 39 58. 69 82 84
2.5 25 39 58 70 82 84
2.6 25 39 58 70 82 84
267 25 39 58 70 82 85
2.8 25 39 59 70 83 85
2.9 25 39 59 70 83 85
3.0 25 39 59 70 83 85
3.1 25 39 59 70 83 85
3.2 25 39 59 71 83 86
3.3 25 39 59 71 83 86
3.8 25 39 59 71 84 86
2 3.5 25 39 59 71 a4 86
3.6 25 40 59 71 84 86
3.7 25 80 59 71 84 86
3.8 25 40 59 1 84 86
3.9 25 80 59 71 84 86
“o 0:
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TABLE 17.--PERCENT REPEATABILITY FROM 100 DAUGHTERS EQUALLY
DISTRIBUTED IN VARYING NUMBERS CF HERDS AND WITH
VARYING SUMS OF LACTATION WEIGHTS (LACHT)

e an e D - - T G D D GRS P - D @ G PR WD D WD @ S D @S en e - o - - - - -

APPROX.  AVERAGE NUMBER OF HERDS
¥O. OF SUM OF === —=———mm oo mm oo e e
RECORDS  LACWT 1 2 5 10 50 100
0.7 24 36 52 61 71 73
0.8 24 37 53 63 13 75
0.$ 24 37 54 64 75 76
1.0 25 38 55 65 76 78
1.1 25 38 55 66 77 79
1.2 25 38 56 66 78 80
1.3 25 38 56 67 79 80
1.4 25 38 57 67 79 81
1.5 25 39 57 68 80 82
1.6 25 39 57 68 80 82
1 1.7 25 39 57 69 81 83
1.8 25 39 58 69 81 83
1.9 25 39 58 69 82 8l
2.0 25 39 58 69 82 84
2.1 25 39 58 70 82 84
2.2 25 39 58 70 83 85
B3 25 39 59 70 83 85
2.4 25 39 59 70 83 85
2.5 25 39 59 70 83 85
2.6 25 39 59 70 84 86
2.7 25 39 59 71 84 86
2.8 25 39 59 71 84 86
2.9 25 40 59 71 84 86
3.0 25 40 59 71 84 86
3.1 25 40 59 71 85 87
3.2 25 40 59 71 85 87
3.3 25 40 59 71 85 87
3.4 26 40 59 71 85 87
2 3.5 26 40 60 71 85 87
3.6 26 40 60 - 72 85 87
3.7 26 40 60 - 72 85 87
3.8 26 40 60 - 72 85 88
3.9 26 40 60 : 72 86 88
5.0 26 40 60 72 86 88
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Table 18.--Regression and y-intercept values for predicting the
genetic group average from pedigree index 1/

Milk Fat
Breed Intercept Regression Intercept Regression

Ayrshire -188 0.965 -7.1 0.892
-103 0.964 -4.5 0.871

Guernsey -120 0.973 -4.8 0.730
-96 0.942 -3.8 0.750

Holstein -162 0.989 -7.7 0.762
-114 0.981 -5.8 0.775

Jersey -135 0.984 -7.0 0.884
~114 0.969 -5.5 0.832

B. Swiss -53 0.919 -3.2 0.775
-46 0.873 -2.2 0.721

M. Shorthorn +1 0.827 -0.2 0.669
-57 0.820 ~-3.4 0.767

1/

~ Por each breed, the top line is for bulls indexed on
father and grandfather and bottom line is for father only. From
fall 1974 Sire Summary data.
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Table 19.--Formulas for weighting Modified Contemporary Deviations
and sample weights

Weights
Example bulls 1/
Bull General Young Average Established
A R, 0.2000 0.7000 0.9000
B RB(1/2)(1—RA) 0.2800 0.1050 0.0350
c RC(1/4)(1—RA)(1—RB) 0.0420 0.0158 0.0052
D RD(1/4)(l—RA) 0.1400 0.0525 0.0175
E RE(1/8)(1—RA)(l—RB)(l—RC) 0.0063 0.0024 0.0008
F RF(1/8)(1—RA)(1—RB) 0.0210 0.0079 0.0026
G RGfl/8)(l-RA)(l-RD) 0.0210 0.0079 0.0026
H RH(l/lG)(l-RA)(l-RB)(l-RC)(l—RE) 0.0009 0.0004 0.0001
I RI(1/16)(1—RA)(l—RB)(l-RC) 0.0032 0.0012 0.0004
J RJ(1/16)(1-RA)(1—RB)(1—RF) 0.0032 0.0012 0.0004
K RK(l/lG)(l—RA)(i-RD)(l—RG) 0.0032 0.0012 0.0004
L RL(1/16)(1—RA)(1-RD) 0.0105 0.0039 0.0013

l/Repeatabilities (R's) for all ancestors are 0.7.
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TABLE 20.--APFROXIMATE RATIO OF WEIGHT FROM DAUGHTERS OF THE BULL TO

9¢c

95

99

THAT FROM DAUGHTERS OF THE SIRE AND MATEENAL GRANDSIRE
IN DETEEMINATION OF PREDICTED DIFFERENCE

—— e ——— — ——— — ——— ————— - — — - —— > ————— i —— T ———  — - ————————

REFEATABILITY (%) FOR SIRE AND MATERNAL GRANDSIRE OF THE BULL

- — - ————————— i — —— - - = — — = A ——— s . W et —— —— —— i —— T Sm= mt - — o ———

- ———————— —— —_——— ————— — - - Vin — ——— - S — ——— 4 — T S e ——— S — - — — ——— - ——

63:37 58:42 E4:46 51:49 49:51 47:53 45:55 44:56 U43:57
70:20 66:34 62:38 60:40 57:43 55:45 54:46 52:48 52:48
76 :24 72:28 69:31 67:33 €4:36 63:37 61:39 6C:40 59:41
81:19 77:23 75:25 73:27 71:29 69:31 68:32 67:33 66:34
85:15 82:18 €0:2C 79:21 77:23 76:24 Th:26 73:27 73:27
89:11 87:13 85:15 84:16 83:17 82:18 81:19 80:2C 79:21
93: 7 92: 8 90:10 89:11 89:11 88:12 87:13 86:14 86:14
97: 3 S96: 4 95: 5 95: 5 94:6 S4: 6 93: 7 93: 7 93: 7
98: 2 98: 2 98: 2 97: 3 97: 3 97: 3 97: 3 96: 4 96: 4

100: ¢ 100: ©0 100: ¢ 99: 1 99: 1 99: 1 99: 1 99: 1 99: 1

- - - — D W e D G G S G = = e e M D M T R e AR D YED e e S R N G D v S S i i T D D e S S et

69



TABLE 21.--PEDIGREE INFLUENCE ON PREDICTED DIFFEREKCE IN TERMS OF AN
APPFOXIMATE NUMEER OF DAUGHTERS DISTRIBUTED ONE PER HERD

R OF REPEATABILITY (%) ON MATERNAL GRANDFATHER
FATHER = =— o m oo oo oo e o e e e e e e e e e e e
(%) 0 20 30 40 50 60 70 80 90 95 99
0 0 0 0 0 1 1 1 1 1 1 1
20 1 1 1 2 2 2 2 2 2 2 2
30 2 2 2 2 2 2 3 3 3 3 3
40 2 2 3 3 3 3 3 3 4 4 4
50 3 3 3 3 4 4 4 4 4 4 4
60 3 4 4 4 4 4 5 5 5 5 5
70 4 4 5 g 5 5 5 6 6 6 6
80 5 5 5 6 6 6 6 6 7 7 7
90 6 6 6 6 7 7 7 7 7 8 8
95 6 6 7 7 7 7 7 8 8 8 8
99 6 7 7 7 7 8 8 8 8 8 9

- e o — — o ————————— ——— T — - 0 M e D G R R A S . S M M A e AR e S S S -
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