=
o
=
O
=
Q
o
E
é

THS

\\l

|
‘\

O

MEASURING YEARLY
ENVIRONMENTAL DIFFERENCES
WITHIN A HOLSTEIN HERD

Thesis for the Degree of M. 8.
MICHIGAN STATE COLLEGE
Lon D. DicGilliard

1947



JTHESIS

This is to certify that the
thesis entitled
"Measuring Yearly
Environmental Differences
Within A Holstein Herd"

presented by

Lon D. McGilliard

has been accepted towards fulfillment
of the requirements for

o
[

M. . degree in__Dairy.

i PPN

(EZtd e e

Major professor
Date ,Deegm_b,er, 1137 -1947 -

M-795




i~ o

e



MEASURING YEARLY ENVIRONMENTAL DIFFERENCES

WITHIN A HOLSTEIN HRRD

by

Lon D, McGilliard

1947



MPASURING YEARLY ENVIRONMENTAL DIFFERENCES

WITHIN A HOLSTEIN HERD

Lon I, McGilliard

A THESIS

Qabmitted to the School of Graduate Studies of Michigen
State College of Agriculture and Apnlied Science
in partial fulfillment of the requirements
for the dagree of
MASTER OF SCIENCE

Department of Deiry

1947



Ifissig




ACKNOWLEDGMENTS

For their invaluable assistance and suggestions in the
development of this project and in the preperation of this peper,
the author wishes to express his sincere appreciation to Ir, Earl
'ea:er. Head of the Department of Ikiry, and to Dr, Ronzld H,
Felson, Associate Professor of Animsl Husgbendry,

Gratitude is also expressed to Dr, Leo Katz, Associate

Professor of Mathematics, for his aid in the statistical treatment

of the problem, -



TABLE OF CONTENTS

Intro@ction,.ceee.oceececcecocccceccscceccsocescscocccsncans
Theory of Fnvironmental Determination.....cecccceeccecccccans
Source of Dat@cccecccrccccccoscccosoccescccacscoccscccscscscocne
Plan I « Paired Year Comparisons..ccccceccecesrecscccccccccce
Plen II = Drect ComparisonB...ccceccecccscccecssscccccsaccoas
Plan IIIl = Adjusted Mean Differences.c..cceceeccoccocccacoacs

commrison of Plan.ooouoi--00.0.'Col...Cooc.n'.'...c'.l..l.o.

slmmry.oocooﬁooo..o00‘.00.00;.000.001Q.l..oc.c.c....o..o.oc.

Page

10

28

37



INTROIUCTION

The problem of determining the extent of distortion that varying
environnental effects produce on the true hereditary picture in milk
prodnction of dairy cattle is extremely useful yet particularly aiffimlt.

The usefulness of a mccessful study of this problem is almost un-
limited. Mistaking the effects of enviromment for the effect of heredity
is generally the largest barrier to the dreeder's rapid attainment of his
goal, If varigble environmental effects upon milk production could de
equalized, the breeder would then have a clear picture of the value of
his bdreeding program, one unobscured dy outside inflnences, He would have
& reliable estimate of his animals to aid in gelection and mating toward
the improvement of his herd, By the same theory he would be able to place
a more reliable index upon his herd sires, one which wonld bde of greater
use and reliability. The whole course of a breeding program would be
clarified were it not far the confusing effects prodnced by non-hereditary
factors.

In dairy cattle ¢the general oriterion of prodnctive ability is the
amount of milk or the smount of butterfat which a cow is able to produce
in a given period of time. This quantity is used not only to represent
the potentiality of the individual cow, but it is also incorporated in the
index by which the value of her sire i1s judged.

The amount of milk and fat a cow can produce in a lactation period
depends upon a multitude of factors., These factors may be divided into two
general classes, hereditary factors and environmental factors. The heredi-

tary factors include all genetic effects while all else not inherent is
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grouped under environment., So that the issue not be confused, the
assumption is made that non-additive environmental interactions are
non-existent.,

Various estimates of the heritability of fat production have been
made, Among these there has been some variation but in general the esti-
mates are similar, The usual figure is below 40 per cent for the heri-~
tability of fat production, Insh (2) mentions that intrasire regression
of dmghter on dam have yielded values of around 0,15 to 0,30 for heri-
tability of differences in fat production between cows in the same herd
where each cow is represented by one record. The remaining variance of
fat production is then grouped under environmental effects, It is easy
to imagine how the effects of environment could be confused with heredity
and complicate breeding and selection operations greatly.

In general the observed variance may be descridbed by the equationm,
cy; + O'Q: cz where Oi represents the variance due to heredity and O'z
is variance due to environment, Obviocusly a change in one of the firgt
aembers produces a corresponding change in the opposi te direction in the
other, Tms by a decrease of OE an increase in cfi results. Conversely,
if a greater proportion of observed variance is dne to environmental varia-
tions, variance due to hereditary differences will de lessened, In order
to increase the value of G: » i1t is necessary that Uz be rediced to a
minimm, If variance due to differences in heredity can be made to consti-
tute the entire observed variance, breeding and selecting processes will de
mch simplified, The primary purpose of this study is to attempt to deter-
nine a method whereby environmental variance can be rediced to a minismm to

produce a corresponding clarification of heredi tary variance,
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There are two methods possible for reducing the o; » the physical
control of environment and statistical correction for environmental effects.
The first of these would require testing all animals under standard condi-
tions to redice o. to sero, Obvicusly complete physical control of
environment is an impossibility. ZEven partial control may be very imprac-
tical.

Statigtical control geems a little more plansible under present con-
ditions, Sach control would consist of using correction factors to allow
for umsual conditions varying from standard or to equalisze the conditions
under which two animals may have been, The bdreeder performs this operation
to some extent mentally when he knows and allows for the fact that one
animal performed under more adverse condi tions than another or when he
recognises that his feed was inferior quality one year, or that one cow had
a short &ry period, or an abortion one lactation, The range of corrections
would run fram this type up to very complicated computations involving too
mch labar for the accuracy involved, It is not uareasonadle to believe
that some of these corrections might actually induce added error, but
ordinarily they should be usable if they are more often correct than wrong.

Some correction factors in the intermediate range are already in use
in dairy work, Examples of these are the corrections for lactation length,
for the frequency of miliring, and for age, the latter belng the mature equiva-
lent correction, Another example might bde the separate production classes
for animals meeting certain calving requirements, These are all corrections
t0o aid in equalizing environmental effects, and some reliadility is attached
to them, It is true they are composed from averages and may be radically
incorrect for some individuals, but these errors will tend to cancel each

other when mumbers of individuals are involved,
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An attempt was made by Johannson (1) to correct for the total
environmental & fferences between years in a dairy herd by a relatively
simple method which will be described fully later in the paper., Tis
method was again presented aleng with a complicated statistical method
for which there was a test of significance by Nelson (3). The results
of the two methods agreed; therefore, the simplier was selected as the
desirable method,

This paper will present several different methods which might be
used to remove the environmental differences between years by the calcu-
lation of correction factors to be applied to herd averages. When
corrected, the herd average should present a picture of the decline or

improvement in heredi tary merit of the herd.



THRORY OF MNVIRONMENTAL DETERMINATION

The principle involved in the determination of environmental
effects is that any individnal possesses an inherent capacity for per-
formance, Whether each individnal reaches the full extent of its pro-
dictive capacity is limited bty all factors other than inherent, in
other words envirommental, The individual has the ability to produce
at a certain level under optimam conditions. Any variation from optiszum
involves a reduction in performance bdelow maximum,

Under this theory if we cmsider the production of a cow during
one lactation and assume that to be her capacity for production, then any
other of her lactations under the same conditions should de equal, Any
variation between them should be die to one or more of the effects which
shall be classified as environmental, If these differences between lacta-
tions take the form of corrections to be applied to the herd averages
in their respective years, then the corrected herd averages will be equal
as far as environmental differences are concerned; that is, all environ-
mental differences will be remved. Remaining differences are those e
to genetic merit. Any fluctoation of average wuld demonstrate hereditary
improvement or decline in the herd, It is not impossible to believe that
this might be carried further and this fluctuation pimned to specific

sires perhaps as an aid in formlation of sire indices,



SOURCE OF DATA

The data for this problem were drawn from the records of the
Michigan State College Dairy Department. Since the early nineteen
undreds a Holstein herd has been maintained as a part of the college
dairy herd for which fairly complete records have been kept, especially
in regard to prodnction, Although five dairy dreed are maintained dy
the department, the Holsteins were selected for this stady because of
the larger number of animals,

The anthor had occasien recently to combine all records of the
Holsteins in the college herd; these included dreeding, disposal,
ealving, and prodiction records, The production records for this wark
were drawn from this information.

At first it was planned to conduct the study from 193 to 1946.
The year, 1930, was selected as a starting point since it was prior to
this year that the dairy herd becosme seriously affected with contagious
abortion, During this and the period immediately preceding 1930 all in-
fected animals were removed fram the herd. In 1929 and 192 the nomre-
actors were moved across the river to a new bara, All reactors remained
behind and were eliminated, Only a very few of the orlginal herd were
moved to the new barn, Several purchases were made to replenish the
herd, these animls entering the herd in 1930,

The first plan was to include all animals in the herd in 1930 and
to drop back before 1930 to pick up any reecords which the transfer cows
had made prior to then, This plan was rejected when it was observed

that there were too few transfer cows, and also because of the complete
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change of conditions with the move to the new barn, Consequently, 1930
was chosen as the firgt year.

After all of the records were collected, 1t became apparcat that
the production of the purchased cows was considérably higher in 1930 than
the prodnction of ths transfer group and was also higher than any subse-
quent lactations of the purchased cows, An investigation as to the
caase revealed that the better cows were milked four times a day inl920
while some were milked partly 4x and partly 3x; others were milked 2x
and 3x entirely. However, there seamed to be no record of the exact
muber of milkings of each frequency for each cow, Also some cows were
milked by hand end some, by machine., Starting with 1931 and contimuing
to now all cows were milked three times a day. In view of this, it was
decided to use 1931 as the starting year: consequently, records of 1931
to and including 1946 were used.

Daring this entire period ell cows in the herd were nilked three
times a day, snd the milk weights were recorded for each milking, Monthly
fat tests were n\nade. and butterfat production was compu ted.

Over this span of years the herd has been maintained largely by
replacements bred and raised dy the college. Very few animals have been
introdiced from ocutside sources, Ther e presumadbly has not been too
mch selection and culling al though as will be shown later, closer enlling
was practiced than was supposed at first, Gemeral condill ons were thought
to have varied somewhat tut not extremely. The same herdsman was in charge
for the entire period.

In the compilation of records, it was observed that most lactations

were longer than 305 days, while some were shorter, All records of less
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than 270 days were eliminated although there may be some question as to
whether they should be as they mey have been shortened by some environ-
mente)l effect, The best plen would be to deal witkh them seperately as
they are not comparable with the 305 day records, and they may induce
considerable error in celcuk tions if included, All lactations of more
than 305 days were reduiced to 305 days by interpolating in the month in
which the 305th day occurred and totaling with the preceding monthly
amounts.

Tach record was included in the year in which that lactation was
initiated, the year being the celendar year., Actually some of the lacta-
tions recorded as a part of one year may have taken place mostly in the
following year; for instance a lactation beginning in December of 1931
was recorded as 1931, but nine months of the production really occurred
in 1932, It is unavoidable that some overlapping of records should occur
with a system such as this where cows are freshening every month of the
year, and, unfortunately, this overlap of records masks the definite
demarcation of yearly effects.

Since, as i1t was mentioned previously, it is necessary that all
records be on an equivalent basis to remove the age effect, the records
were =all converted to "mature equivalents.” The factors used for con-
version were the same as those furnished by the IHIA for field use. The
smellest division was three monthg; further accuracy was unnecessary
since the entire problem is an approximation, That conversion left the
records in working form as 3x, 205-dey, M,E, records. There is always a
question as to the reliability of mature equivalent records, which argu-

ment belongs not to this discussion, It mst be assumed that mature

equivalent records are sound and reliable for this study is based upon
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that assumption which is the foundation of the theory of environmental

correction,
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PLAN I - PAIRED YEAR COMPARISONS

This is the system mentioned earlier as having been advanced by
Johannson (1) and tested by Nelson (3). Nelson found similar results
were obtained by this as by a more extensive plen and concluded that
the simplicity of the method made 1t more desirable than the longer
method,

This plan is developed under the basic assumption that all of
any cow's lactation records of butterfat production if equal in length
and frequency of milking, and i1f converted to remove age differences,
will be equal under identical environmental conditions, In other words
if a given cow produces 600 pounds of butterfat on 3x, 305-dey, M.E, in
1931, her record in 1932 on this same basis and under identical conrdi-
tions should be 600 pounds, Likewise, her 1933, 1934, and 1935 records
should be the same, The inherent ability of the indivi dal is determined
by the genetic makeup of that individual and is not variable within the
individial, If, however, there is some variation between different lac-
tations of the seme cow, some factorsor conditions other than inheremt
mset have been present to alter the production, These are grouped under
the title of environment, smd it is these differences which are to be
determined.

The actual operation of this plan is very simple, It consists of
grouping the M. R, records of cows with lactationsin two successive years
in their respective years and calculating the mean @ifference between

the production of the two years. The process would de:

Z (xL(:“ — "(.('))#__“
N
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where 11(1) equals the prodiction of & cow in the first of two
succeeding lactations: 11(2) equals the production of the same cow
in the succeeding year; and N is the mumber of comperisons, ¥or
example, from the theoretical data in Figure 1, the differences are
calculeted in FMigre 2. The result indicates that the environment of
year, 1532, decreased the procuction of the same cows an average of

100 pounds under 1931 while 1933 was 100 pounds better than 1932,

H 193 H 1932 H 1633
? H H
: s S
Cow A : 600 H 500 s 600
H s :
Cow B ! 500 H 400 H
H s H
Cow C H H 600 H 700
H s H
Meure I, THERETICAL BUTTERFAT RECCRDS
] : s :
: 193 s 1932 ¥ 1932 H 1933
H : 3 H
[ $ s s
Cow A : 600 H 500 0 500 : 600
s H ] :
Cow B H 500 H 400 H H
g s s H
Cow C H H ] 600 s 700
H 3 03 s
3 : s s
To tal H 1100 H 900 s 1100 H 1300
s s e H
3 : : :
2(11(1)' X (2) =200 _ 400 +200 = 4100
N 2 2

FIGURE II, COMPUTATION OF ENVIRONMFENTAL DIFFIRENCE FROM DATA IN FIG, I,






This part of the procedure asgrees with the methods set forth by
Nelson and Johanngon., Some difference lies in the use of the factor as
a correction to be applied to the herd average, Johannson developed a
mltiplicative factor to be used in the correction of the herd averages,
Nelson's method was to select a base year, to determine a relative devia-
tion of each year from the base by the addition of deviations from year
to year, and to use these deviations as corrections for the herd averages
by reversing the signs. This is the procedure used in this study. The
first year, 1931, was selected as the bage year only becanse the use of the
initial year simplifies the process in that the additive correction proceeds
only in one direction, However, it might be desirable to use the highest
plus year for the base with all corrections figmred in comparison with 1it,
but the same relative result is obtained either way,

The remlts of this first plan are shown in Table I, The column
of sune of differences, (6) is a cumlative difference for each year by
wvhich each year is placed on the same basis, in this case by comparison
with 1931, The herd averages shown are the average records of only the
ocows completing the full lactation started in each particular year, They
include 2 few indivi dnals who completed only one lactation and were not
used in the evirommental difference calculations, The corrected average
column (8) contains the herd average for each year after the calculated
environmental difference hag been applied to the herd average.

It is obvious that a very distinct trend toward the negative
exists in the data presented. Only four positive differences show, and
those are not great enough to counteract the negative trend, Column 6 of

the table demonstrates that the swing to the left is extreme and much out
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PLAN I-A. PAIRED YEAR COMPARI SONS

TABLE I.
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of proportion, This is further emphasized in column 8, It is entirely un-
reasonable even to presume that the merit of the herd increased from 511
pounds of butterfat in 1931 to 936 pounds in 1946 as indicated or that the
environment was se extremely limiting in the last years, Some factor seems
to be working in the data to produce this severe irregularity.

Vhen thieg negative swing was noted, the first possible explanation
to come to mind was that the meture equivalent factors were unsuitable for
this population, Since the comparison between each two years moves pro-

g essively forward, with each comparison young individuals enter into the
first year average while the next year they are one year older., Thet
might indicate that the conversion factors were too high for the younger
ages since such a situation would produce the negative trend. This is one
of the criticisms of mature equivalent factors usually offered.

An effort was then made to check the suitability of the M,E, factors
used for this population by computing factors from the records of the animals

used in this study. The results are shown in Teble 2.

TABLE II. COMPARISON OF MATURE MQUIVALENT CONVERSION FACTCRS

s : : : : s : : : s :
Age $82-0 ¢t 2=6 ¢ 30 ¢ 3~6 ¢ 4~0 3 46 ¢ 5~0 ¢ 5~6 t 60 ¢ 6~6 ¢ 7=0
: $ $ : : : $ : : t
$ : s s s s s s s D :
No, of t : H H H t s H s H s
Comparigons ¢ 9 ¢ 6§ ¢ 7 : 9 : 10: 9 : 10: 7 ¢ 10 10 ¢ 10
¢ s H : s s : s s H s
Computed M.TE, :1,448:1,241:1,351:1,174:1,21021,139:1,039:1,095:1,000:1,000:1,000
H : : s s s s H H H s
Factors ¢ s s H s L H t : H H
IHIA M,E. : s H e s s H $ : H :

Factars 11,377:1,275:1,203:1,131 81,077:1,035:1,017:1,006:1,000 :1,000:1,000
: : 3 s : 3 s $ : : !
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In spate of the sm2ll numbers used, these computed factors seem to
be fairly comparable with the ones used; 1f anything, they do not make a
great enough correetion for the younger individuels, This evidence
lessened the possibility of unsultable mature equivalent factors influencing
the results markedly.

The second possibility sugcested was that selection may have been
more rigid than was supposed, thus camsing the observed trend in the results.
The theory behind this is when one record is used as the indication of the
level of an individnal's producing ebility, the next record can be expected
to regress toward the population average. If selection has been practiced
to any extent in the herd, the selected individuasls will be above the herd
average; consequently, their sibsequent lactations will tend to regress
toward the average of the herd.

A check on the selection employed can be made quickly by a comparison
of the records of cows retained in the herd with those removed from the herd.
The herdsman and others connected with the management of the herd ingist that
there hag bdeen practically no selection, that the problem of maintaintng
sufficient mumbers in the herd has besn difficult, Table 3 illustrates that
the average production of the cows retained in the herd as compared with the
herd average for each year is consistantly higher. In some of the years the
better cows passed out of the picture, pulling the retained cow average down,
tut especially in 1931, 1932, and 1938 was there a great difference between
cows retained and cows removed.

This evidence makes selection a likely factor in producing the dias
in the correction factors, An error introduced in the early years is carried
throuzh to the last year plus any errors introduced in the intervening years;:

consequently, the end year accummlates 2all of the errors, The next question

1s wvhat can be done to eliminate some of this errorx



TABLE ITI, .COMPARISON OF AVERAGE BUTTERFAT PROIUCTION OF COWS RETAINED
IN THE HERD WITH THE HERD AVERAGE

s : s $ s s : s s : s : s s : s
21931 323 33: 343 35: 36: 37: 38: 39: 40: 41: 42: 43: 443 45: 46
s H s s s s H H s : H 2 H H H H
: : s t s s : $ 3 s 3 $ 3 s s :
No. Cows $ 222 17: 17: 13: 10: 12: 158 9: 13: 14: 10 12: 13: 15: 13: 9
Herd Av. 8 511:507:570:561:566:5068528:529:567:565:527:565:523:530:523:643
H H ] $ H H H H g s H H H s H H
No.Retained: 13: 9: 14: 10: 4 9: 8: bH: 8: 10: B65: 9 : 10: 12: 4 =
Av, 3 5471541 :569:558:579:501:545:5951576 :652:546 :565:515:539:5558 -
H H H s $ H H $ s H s H s H H $
No.Removed ! 9: 8: 3By 3t 6% J: 7 4: B: 4: b: 3J: 2¢ 3F: 9: -
Av, t 458:469:574:575:5581521 $5098449:553:598:507:566:569:494:5098 -
H ] H H H t H H H s H H H H t H
Retained Av: +36:+434%= 1t~ 33413~ 5341724662+ 98:=13:419: O 3= 8i4 9:422: =
Mims Herd @ H H H H H s H H H H H H H s H
Average : t ¢ 3 ¢ ¢ ¢ ¢ 3 ¢ 3z : 3z z ¢

According to Insh (2) the repeatability of yearly fat production
considering only cows in the same herd is somewhere detween 1/3 and 1/2,
and he sugzests the use of the general figure, 2/5, although a higher
estimate might be justified in herds with standerdized management and
relatively complete environmental ecorrections. This repeatability (r) or
correlation coefficient between records mede by the same cow is the part
of the total variance between corrected records which is due to permanent
differences between cows,

Yhere the repeatability of production is low, the use of one record
as the indication of the merit of the cow 1e not reliable, To estimate
the probable producing ability of a cow, Lush offers the equation:

Probable producing ability T_-N;R-i-—nr x (cow's record)

l1-r x (herd average). Using one record and the
l]~-r+nr
repeatability factor, 2/5/, the equation becomes: Cow's ability = 2/5
(her average) + 3/5 (herd average)., This equation seems useful in this

case where all known environmental effects have been corrected, and there



is still evidence of low repeatability of production,

It was decided to try aepplying this regression factor to the
study to determine if it would dring the corrected herd averages within
a reasonable range, The factor was applied to the first year of each
comparison, the reasoning being that on the basis of the one record and
a repeatability of oroduction of 2/5, the second record could be pre-
dicted at 3/5 closer to the herd average than the first, Any remaining
difference or the difference between the predicted and the observed amount
would then be due to temporary environmental effects. The results of
this study are shown in Table 4.

This operation reduced the extreme negative trend shown in the
results of the first table and produced several more plus differences
between years, but im comparison with the condi tions of 1931, all of the
years are still poorer. It is very difficult to believe that in 1946 con-
ditions were so inferior to those of 1931 as to reduce production 150
pounds per cow, Of course, the number of cows in the stuady is very small
and the discrepancy may lie in that since, ags will be shown later, there
is more variance between cows wi thin years than between years,

Johanngon (1) amd Nelson (3) obtained fair results with this method
in their studies, There was no spparent selection practiced in the herds
they studied, and no regression factor was used, The method verhaps has
possibilities; it is a simple and short means of estimating environmental
effects from year to year, tut lists as its disadvantages that it does not
use 211 records and the lack of a test of significance to determine if
there are actual environmental differences for which a correction need be

made, Where selestion is practiced as occurs in nearly all herds except
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REGRESSION CORRECTED PAIRED YFAR COMPARISONS

PLAN I-B,
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experimental, another veriable, regression, enters in and may induce more
error, The method should provide a very rough approximation of the year

to year environmental differences within a herd, but the reliebility in

this case is questiomable,
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PLAN II - DIRRCT COMPARISONS

One disedvantage of the first plan wes that it did mot make full
use of all the records of a cow, For instance a cow produced in two
consecutive years, skipped the third year for some reason, and then had
a lactation in the fourth, The lactation in the fourth year had to be
discarded because the only comparison usable was between consecutive
Years.

Another feature of Plan I which seemed as 1f it might be improved
was that by meking comparisons of only two consecutive years and then
basing all corrections on the first year, the final year's correction
was an accumlation of any errors made in previous corrections,

The attempt to improve these defects yielded Plan II, The solution
seemed to be in developing a method of tryirg all of an individnel's
lactations to her first., If all of a cow's lactations were compared
directly to the first year, that would correct both of the above situations,
Vith a direct comparison to the base year, records following "blank " years
would then be usable making all records usable, Also direct compariesons
would destroy the cumulative error in the finsl year,

Direct comparison was the answer to the problem except that no cow
produced the full fifteen years, One group produced for a certein period
of years, dropred out, and a new group produced from there. This was
progressive, of course, with a few dropping and a few being added each year,
Consequently, there was no direct comparison of 1946 to 1931; in fact, the
only direct comperisons with 1931 were the years up to 1937, The year, 1932,
also could be compared with all years to 1937, Year 1933 was comparable with

all years up to 1939, The question then arose as to how these direct com-
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parisons could be linked together and related dack to 1931.

The first attenpt at linking these direct comparisons is shown
in Tadle 5. As before, 1931 was used as the base year, Line 1 shows
the comperisons of the everage prodiction in 1931 with the average
prodnction of the same cows in each subsequent year., The encircled
mmnbers indicate the mumber of cows from the original year who had
records in each particuler year, In the line 1abdcd "differences" the
average of all differences for the year 1s taken and used as the en~
vironmental difference between that year and 1931, Of course the only
comparison available for 1932 1g the direct comparison with 1931 which
is - 79, This figure is used as the value for 1932,

Line 2 consists of direct comparisons with 1932, Since the
yearly averages are now compared with 1932, 1932 becomeg the base in
this case, Ag has already been determined, the representative value
for this year is - 79; therefore, the difference between 1932 and 1933
is applied to this base to make the value indirectly the difference be~
tween 1933 and 1931, Likewise the actual difference between each
sacceeding year and 1932 is added to = 79, and the sum is recorded in
its respective column, For example the actual difference between 1932
and 1933 is = 7, applied to the btase value of 1932, it gives the value,
- 86, which is recorded under 1933 to indicate by this comparison 1933
was 86 pounds worse environmentally than 193, The actual difference
between 1532 and 1934 is + 57, applied to the base = 79, it gives a
velue of =« 22, 'This process carries the comparison dack to 1931; so

each figure shown is the comparison with 1921,
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Since all of the differences are alike in that they are the result
of comparison with the first year, they may be combined in an average to
prodice a representative velue for each year, As =~ 79 was the value of
1932, 80 the eight comparisons of + 5 may be averaged with the eight of
- 86 to obtain a base value of - 41 for 1933, This figure is used as
the bage for the direct comparisons with 1933 given in 1line 3, In the
same manner & direct comparison between 1933 and 1934 yields - 5 which
is applied to the 1933 base, =~ 41, to give - 46, The final value for
1934 in relation to 1931 is the weighted average of the direct comparison
with 1921, the indirect comparison through 1932, and the indirect compari-
son through 1933, This same general procedure isused right on to the
lagt year,

The values in the difference line are then the environmental
differ ences betrween each year and 1931. They are, as explained before,
averages of 211 thes comparisons between that year and every preceding
year, each referred back to the base year, 1931. If a comparison between
any two particular years is desired, it may be obtained by taking the
difference between the values for those years.

A few questions arose in working with this procedure. One was
whether a straight average or a weighted average would be more desiradle
in calculating the base values for the various years, Ordinarily a
weighted average would be the only method, but in this situation there
was & question of whether a greater mumber of records was more valid than
a direct comparison, For example, in 1937 the direct comparisons with
1931 totaled 2, The comparisons of 1937 with 1936 and indirectly to 1931

totaled 9, In a weighting system based on frequencies the latter is



weighted 4 1/2 times the fiFfst, Should the 9 indirect comparisons be
weighted 4 1/2 times 2 direct comparisons where a direct comperison is
certainly more valid than an indirect? It was finally decided that the
average weighted as to frequency, in the absence of a method of deter-
mining just what weight each value should receive, would be more neﬁrly
correct.

A second question was whether the regression factor was apolicable
in this precedure. The first method was a straight comparison between
each two years, but in this case all records were used and averages of
ths comparisong were used. It might seem that in the use of averages
the regression value might not apply, but on the other hand every com-
parison is between only two lactations, and if the first varied from the
herd average, the one following could be expected to be nearer the herd
average, In this cass correction for regresgsion might be in order,

Table 6 shows the results obtained when correction far regression
wag applied, The regression factor was used on the first year of each
comparison to predict the probable prodnction for the following years,
and differences of the actual records from this probable value were taken.
The differences show the same general trend, as might be expected, dut
they are smeller,

The third consideration was that this system utilized the same
records in several different compzsrisons, these comparisons being averaged
to provide a value for each year, Tor example, 6 of the 8 records used in
comparisons of 1933-1931 are used agein to compare 1933 with 1932; hence
these 6 records in 1933 are compared with the base year 6 times directly

and 6 times indirectly to constitute 12 of the 16 comparisons meking up



- 24 -

B+ 3 9Y= 3% QU= P9- ¢ (B=! B~ TI=: T -:¢ $S=¢ W=?! 09-: T+ : 01+ £ = 0g=- : o8sqg :
(e) ¢ (¥2) ¢ (SB) ¢ (R) 3 (02) ¢ (48) 3 (&T) ¢ (4T) 8 (TT) & (¥P) ¢ (2) * (61) ¢ (P2) ¢ (91) ¢ (TT) :
890U IO 1] T®IUS WUOITATE
X $ : : : : $ $ $ : : : 3 f : : 91
(4 ] X i ; H : : H H H H : H : H H ! ST
(F) ¢ : $ H 1 H ] H $ H H H H H H H
8T+ ¢ g€9-: X 3 H s $ : $ $ $ $ : $ s 3 S ¥l
(9) ¢ (OT) ¢ $ $ 3 $ : $ 3 $ $ $ $ $ : s
16+ ¢ €6= ¢ GL- ¢ X H $ $ B H : $ : $ S H : 1 81
(%) 3 (9) ¢ (O1) ¢ $ 3 $ $ $ $ $ $ $ $ 3 3 $
GG+ ¢ 9= % ¥li- ¢ L= X I $ ) : : 3 1 t $ $ : t 21
(#) ¢ (¥#) ¢ (6) ¢ (6) ¢ $ 3 $ $ { H H 3 H 3 H H
el= : g0T= ¢ 8= ¢ 09- ¢ CP- ¢ x 3 $ $ s s $ $ H $ $ : 11
(8) s () ¢ (¥) ¢ (¥) & (9) ¢ $ $ $ $ 3 : 3 $ H $ ¢
Qb ¢ Ti= 3 G9=: GCGe ! Z21=¢ 29 ¢ X 3 3 g ] $ $ $ : $ 01
(8) ¢ (D) ¢ () ¢ (¥) ¢ (9) ¢ (8) ¢ 3 $ $ H : : H $ : [
eG+ ¢ ¥h=: (9= 06! 6 =8 ¥9-: g =2 x $ H ] H H H H $ 6
_(2) ¢ (1) s (W) ¢ (W) s (S) ¢ (9) 3 (8) 8 $ : ! 3 $ $ $ $ !
GOV + ¢ $ L6=t QL= Te= ¢ LSG=: TI=¢ 1¢¢ X ¢ s s $ : $ ! $ 8
(D) t (2) ¢ () s (2) ¢t (2) ¢ (Pp) & (S) ¢ $ g ¢ 3 H $ $ $
2eT+ ¢ ! 6= OL= ¢ BI=: 9T+ ¢ 1G= ¢ ¥E= ¢ 9G=-¢ X ¢ H H H H H ! L
(1) t (2) s (e) :(2) 3 (T) 3 (2) & (9) ¢ (9) ¢ $ ! s $ $ $ $
3 : ] B : t g2+ ¢ T =38 92=: Obh=8¢ X $ : $ $ t 9
$ $ ¢ { 3 8 () (%) 3 (B) 8 (6) $ g 3 $ $ $
H H $ H $ : H ¢ S8GT= ¢ 92c= 3 Q6= ¢ X 3 H H H $t g
H $ : H : ¢ H $ () ¢ (2) ¢ (¥) ¢ $ H $ H H
H ¢ : H t : ! 88¢ i QL= 8G= ¢ OT-¢ X : s 1 ¥
3 H 3 3 3 1 8 (1) ¢ $ (6) ¢ (9) ¢ (S) ¢ $ $ $ $
$ H : : [} s - 2 3K : $0T= ¢ 801= ¢ CS1+ ¢ 21~ ¢ X 3 $ : g
$ $ $ H : H ¢ (T) ¢ $ () ¢ (9) ¢ (9) ¢ (e1) ¢ $ $ 1
! $ $ $ : : $ : 8 LI=3 LE= % S8+ 6T+ 4LE=! X 3 s 2
$ $ $ $ $ t s : $ (1) ¢ (B8) ¢ (%) ¢ (9) ¢ (8) ¢ $ :
$ H : H : 1 H ! I 96+ s L¥b i S+ PPeE: Te+: OS~! X 3 T
: : : $ H 3 H : t (2) & (2) ¢ (¥) ¢ (9) 3 (8) & (TU) ¢ :
s H $ $ s : $ [ [ s : ] : $ H 3
9v6T 3 GV6T ¢ ¥WET 8 SFP6T 3 SP6T ¢ TWET ¢ OW6T ¢ 6261 ¢ 826T 8 4LE6T ¢ 9E6T ¢ SB6T ¢ ¥26T ¢ SL6T ¢ 286T ¢ 06T :
: 3 3 $ ¢ $ H ¢ $ $ $ $ $ ] 3 :
SNOSI¥VAN0) I0TYII QELOTWEOD NOISSIWEY = 9-I1 RVId °IA XTdvi



- 25 -

the average value for 1933, Likewise 4 of the 6 records in 1934 compared
with 1931 are used in comparison with 1932 and all of them are compared
with 1933 cansing comparisons of those six records to appear 1€ times in
the 24 composing the yearly average.

In the analysis of data it is desirable to utilize 2all informa-
tion to the fullest extent, but ordinarily there should be no repetition,
This repeated use of records mgy be justifiable in the menner in which
they were employed here, but an investigation was made to determine the
effect of eliminating this repeated use of records in various comparisons,
Table 7 gives the results of this work, The only lactations used in the
comparison with each base year were records of cows initiating their pro-
duction in the herd that particular year. The records of cows producing
in the herd sppear only in comparison with their first year of lactation
in the herd. Their records are used in no other direct comparisons ex-
cept with their first year of lactation: hence they appear only once in
a yearly average. FYor example, cows entering the herd in 1932 have com-
perisons only on line 2 in which each subsequent record of those cows is
compared with the 1932 record to compose differences entering into each
respective yearly average. Those entering in 1933 show only in comparison
with 1933, Each individial record appears only once in comparison, These
results agein show a trend which is somewhat similar to the previous methods.

Table 8 is the final result of this method. It embodies the
utilization of all records ;:orrected for regression with a reduction of
curmlative error in the last year, and without repetition of records in com-
parisons, As for the first method, there is no test of significance for

this method,



PLAN II-D - NON-DUPLICATING DIRECT COMPARI SONS
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PLAN III - ADJUSTED MEAN IIFFERENCES

The last method is a relatively complicated system requiring con-
siderable calculation, but carrying a test of significance, It is offered
as a possibility for more exacting environmental determinations and as a
check on the two preceding plans.

Nelson (3) found the least squares method of fitting constants as
shown by ¥ates (5) to be applicable to similar data to these in environmental
difference determimations, The method was satisfactory except for the ex-
tremely lengthy calculations,

Since thesce data were similaer in being adeptable to 2 two way table
of classes containing disproportionate mumbers, it was decided to use the
least squares method of fitting constants to anelyze these data., However, an
alternate method was offered which seemed much simpler and was adopted for
thig trial,

The method used is that described by Patterson (4) as a method of
adjusting which when applied to data with unequal subclass numbers, makes it
possible to obtain & sum of squares for each source of variance that is free
of the influence of the other effect, Likewise adjusted border means may be
calculated by the method of adjusting, such means being devoid of the con-
founding effect produced by disproportionate subclass mumbers. A complete
discussion of the method may be had by referring to the original article.
This paver will be confined principally to a description of the actnal pro-
cess involved.

The problem is to adjust the data so that the adjusted year means

will be devold of any effect of group, The first operatinn is that of
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setting the data up in a two way table sich as that shown in Table 9. The
data are divided into cow groups as the first step, A cow group consists

of all individuals having identical experiences in that they have lactations
in the seme yecars. For instance Cow Group 1 contains 5 cows and the only
cows in the herd who have records only in 1931 and 1932, In Cow Group 2 is

~ ome cow, the only one with records in 1931,1932, and 1933, Cow Group 3 con-
sists of 2 cows having records in 1931,1932, 1933, and 1934, This contimes
to Cow Group 40 which contains 2 cows with lactations in 1944, 1945, and 1946,
Altogether there are 40 cow groups containing 183 individual records, After
the division 1s made according to cow groups, the records of each cow group
are placed in thelr respective years, Thus we have subclagses divided on
the basis of cow groups and years.

A simplification of the data thus set up mgy be provided, If a
mean is taken for each cow group, and these means compared with the mean of
the entire data, the differences show how much each group is above or below
the population average, 1f the individuels within each group are corrected
80 that each group mean is equal to the over-all mean, then there are no

differences between groups, This process is shown by the following equation:

1) Xy = X + X= Ay,
where XU is the 1 th cow in the jth row or column, XJ is the mean of the
Jth row or column, i is the grand mean, and AU is the adjusted ith cow in
the jth row or column, Then ¢
(2) Z(XU -;5 + X)X
5
This does not affect the variability within subclasses; hence it is nocess@ry

to correct only the means of the subclasses:
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_ () XHy=X+x =y

xij being the mean of the 1th subclass in the jth row or column and 11_1,
the corrected mean of the ith subclass in the jth row or column, This
is the process of adjustment to be used in the analysis.

The adjustment process is ngeful in this case where the sub-
class numbers are unequal, When subclass numbers are disproportional,
the differences between border means are not true estimates of the
parameter differences becanse the differences are determined not only
by one clessification but include some of the effects of the other classi-
fication, For example, the dif ferences between year means contain some
of the cow group differences; likewise group mean differences include
some of the effects of year mean differences. The object then is to
remove the effects of group mean differences from the year mean differences
which may be done by adjusting acgording to the final equation,

The first step 18 to estimate the sum of squares dre to year
means, The year mean differences contain effects of group becamse of dis-
propor tionate subclass rumbers; hence 1f all group means are corrected to
the grand mean, the group effect will be removed from the year differences.
This adjustment is shown in Table 10, All group means are adjusted to the
grand mean so no difference remains between them., The mum of squares of
years means with group effect removed is then 89,700, This figure is less
than it should be becanse the removed group differences contained some year
effects due to M sproportionate subclags nmumbers: therefore an adjustment
in the other direction mist be made to remove these effects.

When yecar differences are removed by readjustment, the group
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differences will no longer be zero, 2gain due tounequel subclass mmbers,
The sum of squeres is then calculated for group means yielding 8,200,
This is a portion of the year sum of squares removed in the first adjust-
ment for group and is added to the first sum 89,700 to give 97,900 as a
sum of squares for between years,

Again readjustment must be made for group effects, and the
weighted sum of squares calculated, As this procedure contimes, each
readjustment recovers a por tion of the between year sum of squares lost
in the first adjustment, The total of all the sums of squares is the
sum of squares of between year means, This total consists of the con-
tritutions from both sets of border means, Contimed readjustments
result in sm2ller and smller sums of squares, and they should cease
when the adjustment results in only a fraction of the initial sum of
squares,

The sum of squares for between years, in this case after 5
adjustments, is 89,700 + 8,200 + 1,200 + 1,600 + 700 or 101,400,
Nurther adjustment in this direction is unnecessary because the part of
the year differences unrecovered is small since the last sum of squares
is only a fraction of the initial sum of squares.

The variation between years has been determined; the next
step is to estimate the sum of squares for cow groups, This is accomplished
by similar adjustments except that the first correction must be made to
remove the effects of year this time, The same process follows ax;d Yields
a sum of squares for between cow groups of 843,900 from 4 adjustments com-
posed of sums of squares, 801,000 + 36,000 + 4,900 <+ 2,000,

The sums of squares for between years and between cow groups






having been determined, interaction can be calculated, The assumption
is made that the sum of squares of the subclass means they are adjusted
for border effects is an efficlent estimete of the variance due to inter-

action, The combined results are shown in Table 11,

TABLE XI, ANALYSIS OF VARIANCE OF YEARLY DI¥FERENCES IN PRODUCTION

—

Source of Variance ; o/r ; Sum of Squares : Mean Square
— :
Between Subclasses s 157 ¢ 1,610,000 H 10, 300
Between Year Means f 16 : 101,400 : 6,760
Betweon Cow Group Means t 39 : 843,900 E 21,638
H H

T = 6,760/6,453 = 1,048

The analysis of variance shows no evidence of significance in
year mean dlfferences. This may be due to the small mumber of individuals
or the scattering and mumerous sudbclasses, but no evidence of significance
is demonstrated in the ye2rly environmental differences in thisg herd, One
difficulty lies in the fact that there is more varience within year than
between years.

Although the yearly differences in these data may not be signifi-
cant, the rest of the method will be presented to compare with the two plans
elready presented, IFrom the adjustments already made the adjusted year
means, relatively free of group effect, may be determined, This consists
of adding to the grand mean the correction factors or ths differences be-
tween the succeeding group adjusted year means and the grand mean, Con-
timally diminishing differences are obtained wi th each adjustment., TFor

the purpose of this study the total of the differences detween each group



- 35 -

adjusted year mean and the grand mean mey be used, The results of this
process are shown in Table 12, From these the yearly differences can
be computed by taking the differences between the total corrections of
the years in question. To be on the same basis as the results of the
previous trials, differences are taken between 1931 and each succeeding
year,

Ag shown, this method has the advantages of utilizing all
possible data @and i1t has a test of significance, On the other hand,
it requires considerable computation egpecially considering that at best

the result is only en aporoximation,



- 36 -

TABLE XII. ENVIRONMENTAL DIFFERENCES DETERMINED BY ADJUST. METHOD

; Adjustments ' . : Environmental

: 1 t 2 ¢+ 3 ¢ Total : Difference
1931 ' 4+ 20,9 t ¢+ 3.0 +2.2: + 26.1 : Base
1932 i - 21,8 : + 0,9: -02.2: - 18,7 ! - 45
1933 : + 5,0 : + 3.1 +1.8: + 9.9 : - 16
1934 : + 15,3 : + 3.4t +1.6; + 20,3 - 6
1935 : + 38,5 f + 6,9 +2.1: + 47,5 : + 21
19326 : - 28,8 : ~ 5,7 -0.9: - 45,4 : - 72
1337 ; =17,8 f - 4,9 -1.6: - 24,0 : - 50
1938 f - 7.4 ; - 4,3 -2.0: - 13,7 z - 40
1939 14 L0 f41.61-0.61 4320 + 6
1940 f + 15.3 : + 2.5 +0.5: + 18,3 f - 8
1941 : - 24,2 ' + 1.9: +o.e: - 21,6 : -~ 48
1942 : + 17,6 ' + 1.3; -0.7; + 18,2 E - 8
1943 : -17.1 : - 3.2: -1.7; - 22.0 : - 48
1944 3 - 20,4 : - 3.3: -2.0: - 25,7 : - 52
1945 : - 1.5 : - 4.9: -2.7: - 9.1 : - 35
1946 : + 26.4 ' + 3.1; -0.9: + 28.6 f +13

e ee

H H H
*Sum of group adjusted year meen - grand mean differences for three

group adjustments,
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COMPARISCN OF PLANS

Three methods have been present ed for determining the yearly
environmental differences within a herd. It might now be desiradle to
compere these methods as to their possible merit,

®ach of the methods was used to calculate the yearly environ-
mental differences in the M,S,C, Holstein herd over a period of 16 years.
To be placed on an equivalent basis, they were computed in relation t¢o
the base or first year, 1931, Table 13 contaings the results of the three
plans including 5 variations of the second plan, It mist be remembered
that the number of records was smell which limite the valicdi ty of any of
the calculations, and the anzlysis of variance gave no indication of
significant ycer differences in average production,

The adjusted means method supposedly gives the most likely
correct values for yearly environmentel differences although the devia-
tions are a little smaller than they might be 1f the adjustments had been
carried further, Since this method should be reliable, it is used as a
standard for comperison with the less elaborate systems,

I-A, the paired year comparison, is apparently completely out
of proportion in this study, There 1s an extreme accummlation of negative
values throwing the comparison very mach out of line, I-B, lilfewiae, is
not well in agreement with the other results, Why this system should
produce such an increasing negative value still is not apparent.

I1-4, 11-B, and 1I-C are the variations of the direct comparison
plan utilizing all the comperisons with every year, As was stated earlier,

there is some question as to whether the weighted average was really

Justified in this case where a direct comparison is more reliable than an
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ENVIRONMENTAL DIFFERENCES DETERMINED BY VARIOUS METHODS

TABLE XIII,
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indirect comparison, but if it is assumed that the indirect comperisons
are reliable, the weighted average is desireble, 1II-C is theoreticelly
the best estimate of the three as it includes the weighted averages and
18 2lso corrected to counteract the effects of the expected regression
from a single record toward the herd averege in succeeding records., It
will be noted that it is in generel agreement with the "adjusted mean"
values, The trend in direction in every year except 1937 ggrees, or
eech yeer is 4 or - 1in respect to the preceding year in both results.

I1I-D apd II-F are the products of the same type of calculation
as the preceding three methods, but each individual is used in only one
comparison rather than being used repeatedly as in the preceding typeé.
II-D is the straight weighted average calcuk tion while II-E is corrected
for regression, In both of these the general picture is similar to the
"gdjusted means" result,

One point demonstrates itself fairly well in that the regression
corrected figures are drawn closer to gzero deviation than the uncorrected.
Where negative di fferences predominated in the uncorrected figures, the
regression correction pulls them down until posi tive differences appear
also, The regression corrected figures of 211 methods correspond more
closely to the "adjusted mean" results than do the uncorrected,

If the "adjusted mean" differences are sssumed +to be the most
reliable, the most closely agreeing would dbe method II-C or II-E, The
mnbers of records are so small, however, that no definite statement
should be made concerning the best system especially in view of the fact
that no significant difference between years was evident,

It seemed that i1t might be interesting to apvly these differences
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as corrections to the actual herd averages each year to see what picture
they might produce., Fach difference was applied to the herd aversge of
each respective year as a correction or with its sign reversed, If the
yearly environmental difference was positive, the year was better than
the base year; hence, that difference must be deducted from the herd
average to make all yearly averages equivalent, The results of epplying
I-B and I1I-4 are shown graphically in comparison with III end the actuel
herd averages in Figure 3; II-C and II-E are compared in Figure 4.

With the assumption that III is correct, its carve wmuld indi-
cate the genetic trend of the herd, By means of the computation of Plan
III nearly all environmental differences are removed from the herd average
leaving only the heredity differences, This then gives the picture of
the success of the breeding and selection operations carried on by the

breeder in respect to butterfat production.



—

-

| U8

111

811
i1

1

141




1 4= ey —+
S sk ixd «
T . \u B, 1 T T E
I T B 11 H=
T i8] m A in | . E
- ! .|
a EnE s 1
T T paas
i S ﬁl 1T
=+ 1
n SRy *
857 dARnAnnannus !
iR
ELELEERT
i
e
-
anEs HH
——
8 )
HDB RS 18 B8
Ht
] T
T
:
- HAA
EEEEEDAE
T !
1t !
HEHH
NEREEEARE USE)
u HAEH
ISSEEESEEEENERERE
HEH 1
EEESNRREE N - 8 -
T -
1 14 o
T 2
b i diim 4 e SEERERE
: : . PRI s E-T1h H
! T
1
e
T
T
L
w 1
i T1 11
I uheks
1 T ) 1
TT
I SEEs
I ENEEEERNRE
1 BEEER




SUMMARY

The mistaking of environmental effects for hereditary effects
13 one of the tresder's largest barriers to the rapid improvement of his
herd, The removal of the confusing effects of environment is highly
desirable and can be accomplished with greater practicavility statistically,

Varions methods of equalizing yearly environmental d4ifferences
were presented, all of these being based on the theory that under constant
environmental conditions, an individuel cow should produce the game emount
of butterfat each lactation. Any variation from this even production
should be dne to varying envirommental effects,

The mature equivalent, 3X, 305-day records of all cows in the
Holetein herd at M.S5.C, with more than one lactation since 1930 used to
cormpare the varioaus methods of determining the yearly environmental differ-
ences in the herd.

The first method was a comparison of the records of cows in one
year with the records of the same individials in the succeeding year. This
method is simple and brief, but it has no test of significance; any errors
may be eumlative with the use of a base year; and not all records can be
utilized where there is a skipping of years, In this particular case
gselection in the herd affected the results for which a regression correction
was made.

The second method was characterized by the use of direct comparison
of records of cows in each year with the records of the sams cows in a basge
year where possible and indirect comparison elsewhere, Weighted and

straight averages for computing difference values and regression corrections
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were utilized and compared. Another variation was presented in which
duplications of comparisons were avoided and the comperisons of records
of the seme cow were used only once. This general method is slightly
more complicated than the first method, but 1t has the added advantage
of utilizing all available records of cows with two or more lactations,
There 1g 8till no test of significence.

Te final method was a lengthy process of adjustment of border
means, The computation is the limiting factor in this method, It does
have the advantage of utilizing all of the records, and there is a test
of significance to indicate if there is 2 yearly di fference which needs
correcting.,

Since there was no evidence of significant di fference between
years, and since the nmumber of records was small, few conclusions may be
drawn from the analysis of the methods. They are sugrested as possibili-
ties. Where selection is employed in the herd as is the usual eccurrence,
some correction must be made, A more precise correction than the re-
gression factor used in thig study must be determined.

There is considerable question as to the validity of mature
equivalent conversion factors which may Bave some bearing on this work,
These must be correct or the entire basis of the determination is destroyed.
There is some question as to howuseful they ere, and there is no doudt
but that they may be very incorrect for certain individials, When there
is such a definite doudbt about M, E, conversion factors, more errors may be
introduced than are removed, Probably the only solution to this is
to use only the actual mature records of the cows. Obviously this would

require a tremendous number of cows in the herd, more than the average
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herd contains since the make-vp of most herds is young cows,

It would seem that the type of environmental corrections dis-
cussed in this paper are, in general feirly impractical at present, 1If
only records of mature cows in sufficient mimbers were available, and if
it could be determined what their likely production might be to eliminate
the regression factor or 1f they were unselected animals, there might be
encouragement for the use of one of these methods., At present the velue
obtained from the results msy be overbalanced by the error and the compu-

tation involved.
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