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CHEN KANG CHAX

THE RELATIVE INPORTANCE OF GENETIC AND ENVIROMMENTAL FACTORS ON THE
BUSTERPAT PRODUCTION OF HOLSTEIN-FRIESIAN GATTLIE

IS 1s generelly reseognised that beth heredity and enviroameat are
important in the life of an individual and in the exprossien ¢of varieuws
charasteristics by the individwal, and that their relative impertanes
varies a great deal. Butterfal produstien of dairy eattle is eonsidered
as a charssteristiec that is inherited en quantitative basis and 1o
highly affected by enviremment. Investigators have obtained different
values as sstimates of heritability of this trait ranging frem .17 te
+86. Lush considered the intre~sire ocorrelation and regressioan eof
daughter on dam method as the best estimate of heritabllity of butter-
fat predustion and he reported valuss between .17 and .28 for differemt
sets of data,

Three Michigan State Institution Herds, the Truverse City herd,
the lonis Hospital herd, and the lonia Reformatery herd, were estab-
lished mere than twenty years ago. The butterfat production of the
oows in thhse herds has been measured and reserded. This data seemed ¢,
be quite worthy material for a study of the effests of varieus facters
on butterfat production, in anether sample of individuals under differ-
ent environment than others. Therefore, this study was made which
besides ylielding a heritability estimate, separated varieus components
of environment as far as this data permitted,

There were 473 daughter-dam pairs for the heritability analysis,
2299 records for the herd ecomparison and repsatability analyeis, 1817
records for month and year sffect on butterfat production, and 1071
records for the analysis of calving interval effect on butterfat pro-

duction.
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The peeled estimate of heritability of lifetime butterfat predustien
for the three herds was .3l YW intra-eire regression of daunghter on dam
methed. OCemputed to a single reeord base, it is equal te s heritablility
value fer single records eof .17.

The herd differences acoeunted for abewt 26 percent of the total
variance and the eow differeneces (intre-herd) acoounted for 34 pereent.
These variances, of course, include both genetie differenses and differ-
ences caused by envircomantal effests. The portion of varianee ascommted
for by dilferences in reeords ef the same eov (intra-herd) was abeut 66
pereent,

The repeatadbility estimate was .34 e an intra-herd bdase.

Yearly differences assounted for abeut 5 pereent of the variation
in butterfat production. Though small, this value is statistieally
significant. Ne yearly trend was found,

Month of calving acosunted for about 2 pereent of the total wvariance.
It was a significant effect. There was a rather definite pattern for the
effeoct of different months of calving on butterfat production. The high
peak was in March; this dropped gradually in the summer, increased ia
Septenber, and fell again after that until January,

The relationship of oalwing interval and butterfat productiem was
non-lincocar. The effect of calving interval en butterfat produstion
acorunted 15 pereent of the wariamce for the same lac atien, and 3 pereent

for the next lactation. Beth were significant. 400 to 419 days seemed
to be the most favorable interval as far as a single records were

conocermed,
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Pereentage of Total Observed Variance Acsommted for by Varieus Yenetie
and Envirermental Fastors

Variance asccounted for Persentage
Herd differences 26
Oenetic differences between herds b
Envirommental differences between herds 22
Differences within herds Th
Cow differences 28
Record differenses (within cow wvarianes) &9
100
nvirommental effects 66

Year of calving

Month ef ealving
Preceeding calvimg interwval
FPresent calving interval

1 Y

Others

Genetie 34
Additively genetis 17
Deminanee and interastion 17

100

The portion of variance acecunted for by dominance and interaction
in the above table inacludes a small portion due to permanent environment:
peculiarities and also interaction between heredity and eaviremment.
Therefors, the portion accounted for by genetic effect astually sheuld
be less than 34 percent and for the envirommental effects should be a
1ittle more than 66 percent.

3ince the reocords used for sach kind of analysis are not exactly
the same, and because an allowance must be made for sampling error, the
figures listed in the above table can only by considered as appreximate
estimates.
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THE RELATIVE IMPCRTANCE OF GENETIC AND ENVIRONMLNTAL FACTORS
ON TFE RUTTERFAT FPRODUCTION OF HOLSTEIN-FRIESIAN CATTLE

By
Chen Kang Chal

Introduction

Until recent years, little was known about the relative
imvortance of heredity and environment in the development of
an organism. There was considerable controversy as to
whether heredity was more important than environment, or
vice versa. With advancing knowledge 1n the field of
genetics, 1t became more generally recognized that both
heredity and environment are indispensable in the 1l1life of
each individual, and that the relative importance of each
varied a great deal devending on both the organism and char-
acter in question. Heredlty is fundamental and may be
thought of as furnishing the foundation, with environment
completing the structure.

'his 1is true even for a qualitative characteristic,
since genes cannot express themselves unless they have the
prorer environment. A beilng cannot develop beyond the
limits set by its inheritance even in the optimum environ-
ment. A quantitative characteristic tends to be modified
by environment more than a qualitative one.

The greater the effects of environment on the expres-
sion of the genes the more difficult 1t is for livestock

breeders to recognize the true quality of an animal.




Consequently, mistakes are often made by breeders in cull-
ing animals with better genes than some of those which are
saved. For this reason a measure of the approximate degree
of modification of a characteristic by environment would be
of value to breeders 1in selecting their animals.

Butterfat production is a quantitative character. The
number of nairs of genes involved, and threilr behavior, as to
the degree of dominance, etc. still has not been determined.
Fowever, it 1s an economically important and ohysiologically
complex character, and is modified considerably by environ-
ment. The relative importance of heredity and environment
is usually expressed as the prortion of variance due to
elther one of them, and varies with different populations.

The rurpose of this study 1s to determine the portion of
variance 1n butterfat production determined by genetic d4dif-
ferences and the vortion by environmment in three Michigan
State Institution herds; the f(fraverse City herd, the
keformatory herd and the Ionia herd. These herds may be con-
sidered as sub-populations of the Holstein-Frelslan breed.

I'here are many environmental factors. TIhey are
generally divided into tangible and intangible factors. The
latter have no way of belng controlled. The tangible factors,
such as light, temmnerature, feeds, handling, etc. may be
vartially controlled by well designed exveriments. In this
data the only information available about environmental
factors was for such things as calving interval, date of

calving and year of calving. The avnproximate portion of

9‘
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variance resulting from each of these causes was determined.
The optimum season of freshening and length of calving
interval were found. 1n addition, the hereditabllity of
tutterfat oroduction was calculated for each herd and for
the three herds combined. The portion of variation due to
herd differences and cow differences and the repeatability

of a cow's production from year to year were computed.

Literature Review

Most of the literature concerned with hereditability
of milk yleld, butterfat prroduction, or test of dairy
cattle tefore 1941 has been tabulated by Lush (1941).
Hence, the table, with minor remarks, is revrroduced here.
In addition, some studlies made since thrhat time have been

inserted in the same tatle.




Table la - Summary of Evidence on Hereditability of Milk Yield, Butterfat
Producticn and lest

DIfTerence between high

__and low groups Feredita-
Author Characteristic Dame  Daughters bility & Notes
Gifford fat (1bs.) 278.7 32.2 .23 21 Holstein-Frei-
sian bulls®
Gifford at (1b8.) 2L0.0 6I.¢ .51 18 Guernsey bulls®

Copeland Tat (1bs.) 2410 52 03 20 Jersey bulls®

Edwards milk (1ts.) 2056 T92 A 23 bulls®

Rice milk (1Es.) 6373 1815 (.57) 10 bulls dalry
breeds{

Rice test (%) T.09 0.4 7 T.86) 10 bulls dalry
breedsf

"Brain Iruster"” milk (1bs.) 5025 9L5 38 1 bull with 151
daughters

Tush (1947) butterfat (1bs.) 102.1 I .20 103 EuIis 676 daugh-
ter-dam comparisons®

Tush (1941) milk (1DS.) 2629 [}32 .33 103 bulls 676 daugh-
ter-dam comparisonsé8

Lush (1942) fat (1bs.) 174 283 bulls, 215k

daughter-cdam com-
parisons

2., Twice the Intra-sire regression of daughters on dams.
b. A. R. records. Each bull had at least 2l daughter-dem comparisons. The mates
of each bull were divided into high, medium, and low, thirds (aporoximately). Those
given here are averages computed from Gifford's Table 12, giving equal weight to each sire.
(Continued)




¢c. A. R. records. ZEach tull had at least 17 daughter-dam comparisons. Mates
divided anproximately in high, medium, and low thirds. The figures quoted are from the
summary of Copeland's [lable 3.

ds R of M records. Each bull had at least 19 daughter-dam comparisons. Mates
were divided aorroximately into high, medium, and low thirds. The figures quoted are
from the summary of Copeland's Table 3.

e, Data from British milk reccrding socleties in kast Anglia and Lancastershire
and from Agricultural College herds at Reading, St. Albans, and St. Paul. Mates are
divided into high and low halves. The figures quoted are averaged from columns l and
5 of Edward's Table 3, giving each cow equal weight. As Edwards used average records
where available (up to three lactations per cow), thke hereditability figure shown here
perteins to differences between average records rather than single records. If the intra-
herd repeatability of single records in Edwards' material was .4, the hereditability of
differences in single records would be somewhere between the .41 shown here and the .2l
which would be arproached if every mate had three records.

f. The data are official records from several dairy breeds. Each bull had at least
17 daughter-dam comparisons. For each bull the five "highest oroducing" mated and the
five "lowest producing" mates were selected. Divisicn seems to have been primarily on
total fat production and was for milk and test only in so far as they were devendent
(statistically) on total fat production. This makes the records for the dams' milk and
test come much nearer to representing the dam's real ablility than if division into high
and low groups had been rrimarily on the milk records and the test records, respectively.
The figures for heredltability, therefore, are much too high to be fairly comparable
with the others, and come nearer to indicating the fraction of the differences in real
ability (not records) which are due to additive hereditary differences between the cows.

g. The data are from Iowa Dairy Ferd Improvement Associations prior to January 1,
1937. All records were age-corrected. Where the bull's mates had only one record,
the data for her and her daughter were discarded. The mates of each bull were then
divided into a high half and a low half, solely on the basis of the first record of
each cow. If a bull has an even number of mates with two or more records each, all
were used. If he had an odd number of such mates, the one whose first record was

(Continued)



median in size was discarded and her daughter was discarded with her. If a mate had
more than one daughter she was used again as many times as she had daughters.

h. The data are from Iowa Dairy Herd Improvement Association during the period
January 1, 1936 to December 31, 1939. It included seven breeds. Only the 305 days
of lactation were studied. All records were corrected for age and were on the basis
of twice a day milking. The intra-sire daughter-dam regressions varied some what
from breed tc breed, but thelr differences were not statistically significant. The

result listed in Table la was pooling all the seven breeds together and was corrected
to a single record.



Besides the different hereditablility values given by
different investigators in Table la, Gowen (1934) studied
the Jersey Register of Merit data on milk yield and fat
rercentage. He assumed that there was no correlation be-
tween the environment of daughter and dam. le came to the
conclusion that about 50 to 70 per cent of the variance in
milk production and about 75 to 85 per cent of variance in
fat vercentage came from differences in the genetic make-
up of the individual cows. Flum's (1935) analysis of the
records of cows 1In Iowa Cow Testing Assoclation led him to
the figures shown in Table 1lb.

Table 1b - helative Imvortance of Cause of Variation
in Butterfat Froduction

Causes of variation Fercentage of total variance
Freed 2
Eerd
feeding policy of herd 12
other causes (genetic or
environmental) 21
33
Cow (mostly genetic) 26

Fesiduel (yeer to year variations)
feeding variations within the

herd 6
other year to year differences 1
length of dry period 1
season of calving 3
other factors 28

39

Total 100

Among 811l the heritability values atove, probably the

result worked out by Lush 1s more accurate than others,

y




since he used a large number of sires; hence fewer numbers
of daughter-dam pairs for each sire. Then there would be
less environmental portion contributed to the daughter-dam
correlation as the large number of daughter-dam pairs of =a
sire 1s more likely to separate to different herds. Also
his samrle size 1is qulte large. The results computed by
Gowen are higher than all the others. It 1s likely due to
a large environmental contributlon to the daughter-dam
correlation.

The only report about repeatability of milk and butter-
fat production 1is given by Lush (1941). In fact, the
terminology 1is originated from the same investigator. He
estimated reveatability for milk vroduction .33, and butter-
fat rroduction .43 from same set of data as he used for
heritability estimates Lush (1941). Gowen (1935) reported
a correlation of .40 between tutterfat records of the same
cow in a ropulation of cows belonglng to the same herd, or
to a correlation of .60 between records of the same cow in
a population of cows kept in many herds.

The 1influence of the month of calving on milk yield
has been studied by numerous investigators. It has been
thoroughly reviewed by Morrow et al. (1945). TIhe high lights
of all those investigations will be brought here mostly
from his review for the time before 1945.

McCandlish (1920) and Moore (1921) both found fall

freshening cows to excel in milk and butterfat production.
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McDowell (1922) revorted on a group of animals in cow test-
ing associations totaling 10870 cow years. Milk production
decreased in the order of fall, winter, summer, and soring
calving. In a study of 1410 lactations from cows in the
hnglish milk Kecording Societies, Hammomd and Sanders (1923)
found the highest milk yield was secured on October fresh-
enings, 6077 1lbs., with a low three-consecutive-month
veriod for “ay, June, and July, all below 54,00 1lbs. Turner
(1923) reported on 3615 lactations of Guernseys, Holstein,
and Jerseys, that had completed Advanced kegister or
LKeglister of Merit records. There was a slight difference
between breeds 1n tlreilr relation to month of freshening
and milk ylelds. With the Guernseys the variation was not
great, although May, June, July, and August freshening were
thre lowest in milk yield, with November beling the highest,
followed by January, February, and December. For the
Holsteins, November was the high month, followed closely by
January, March, and December. April and July freshenings
gave the lowest milk ylelds. The 305 Jersey records showed
considerable variatiocon. January calvings resulted in a
lactation yleld of 9213 pounds of milk, with August showing
9126 pounds, and July 8949 pounds. The two lowest months
were September with 7416 pounds, and June 7584 pounds.
Sanders (1927) observed from his studles in England
that the months of October, November, and December were most

favorable for freshening, with June and July resulting in

y
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the poorest ylelds. These flgures were obtained after mak-
ing corrections for length of dry period and length of ser-
vice period. The shave of the lactatlion curve showed con-
siderable seasonal variation, a factor considered to be
largely responsible for the differences in total yield.

Cannon (1933) studied the records of 6800 cows in Dairy
Herd Imbrovement Assoclations in Iowa. Highest milk yield
was secured on animals calving in November--7798 pounds--
with a uniform and regular decrease until June, when there
was a yleld of 6705 1bs.

Plum (1935) also used data from Iowa herds in Cow Test-
ing Asseclations to study the causes of differences in but-
terfat production. Fe concluded that although cows calving
during November to January produced 13.6 per cent more but-
terfat than cows calving in May to July, the actual in-
fluence of season of calving, as a factor, accounted for on-
ly 3 ner cent of the total variation in butterfat production.
Using the records of 319 Jerseys in the Florida Experiment
Station herd, Arnold and Becker (1938) found the seasonal
influence on milk yield to be non-significant, although
winter and autumn freshenings gave somewhat larger yields
than summer and spring. They suggest that the narrow range
of seasonal variations in Florida temperature probably ac-
counted for the small differences observed.

It 1s loglical to suprose that the effect of calving on

milk yield is influenced by the variations in feeding and

-
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management that accompany the different seasons. On this
roint 1t 1s interesting to note that Wylie (1925), working
with 2900 records of Register of Merit Jerseys where feed-
ing levels were maintained rather uniformly throughout the
year, found much less seasonal influence than other investi-
gators. Although July freshenings resulted in the highest
and August in the lowest yields, with these two months ex-
cepted, fall and winter calvings gave higher average lacta-
tion ylelds than spring and summer.

The findings of Gooch (1935) on 679 lactations of 99
Jersey cows in a single herd varied considerably from the
ma jority of data revorted. With a low for August freshen-
ings, production increased gradually up to April calvings,
with a decline agalin to August. Early snring was avvarently
the most favorable season.

Dickerson (1940) in studying the relative importance of
various sources of environmental variation in production,
found the data on 1574 lactations of Holsteins to show low-
est production for cows calving from April to September, and

highest for cows calving from Cctober to March.

Morrow (1945) studied O30 lactation records from
D. Fo. I. A. herd record books of 33 New Hampshire dairy herds.
The study included five breeds; Ayrshire, Guernsey,
Holstein, Jersey and Milking Shorthorn. For each breed,
with the exception of Jersey, milk yields following summer
freshenings were lower than those for fall and winter fresh-

enings. Jerseys showed no sionificant relation between

month of freshening and milk yield. l
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The lactation records of 15,442 cows in Dairy Herd
Improvement Association herds from 12 states were ana-
lyzed by Woodward (1945). Ee found the variation in total
milk production between the groups calving in different
months of the year is somewhat less than might be expected,
ranging from 8886 pounds for the cows calving in July to
9108 pounds for the cows calving in November.

Frick (1947) reported therewere highly significant
differences among cows freshening in different months.

Four breeds (Guernsey, Holstein, Ayrshire, Jersey) with
22212 Connecticut cows were studied. He showed that cows
freshening in February have the highest average and lowest
was for cows freshening in July. In general, however,
average milk ylelds consistently increased from the least
favorable to the most favorable month, and consistently de-
creased from the most favorable to the least favorable
month. Cows freshening in February produced 13.7 per cent
more milk than those freshening in July.

Under western Oregon conditions the butterfat records
of 2690 first-calf heifers was studied by Olonfa (1948).
The season of the year in which a cow freshens had no avnpre-
clable effect on her yearly butterfat production in that
data.

The calving interval equals the days of dry veriod plus
the days of lactation. Hence, in general, the longer the
dry veriod the longer will be the calving interval., Of

course, there are some variations about the length of
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lactation, and that may cause the calving interval to fluc-
tuate without relatlionship to the dry period. However, by

using large samples, this error can be materially reduced.

Therefore, literature dealing with either calving interval

or dry period are reviewed here.

Sanders (1927) claimed that cows should calve at inter-
vals of not less trhan a year, and not more than thirteen
months. This optimum will probably be subject to a slight
variation in particular cases. The work of Dickerson and
Chavman (1940), who compared production records of lacta-
tions following dry periods of different length with those
of the first lactation, found that low producing cows showed
a higher percentage increase through lengthening the dry
period than did high producing cows.

Dix, Arnold and Becker (1936) studied 291 lactations of
Jersey cows 1In the Florida Agricultural Experiment Station
herd. The yield following the dry period, 31-60 days, was
used as 100 per cent, the percentage of base yield for the
various classes were: initial lactation, 91.87 ver cent;

30 days or less, 92.38 per cent; 61-90 days, 94.68 per cent;
91 days or more, £8.77 per cent. Maximum daily yield was
highest for the 31-60 day class. Kleln and Woodward (1943)
have rerorted only on the production records of the same
cow following dry period of different lengths. i1t was

found that cows dry l1l-2 months gave 9.2 per cent more mllk

y




than when dry O-1 month; cows dry 2-3 months gave L .3

per cent more milk than when dry 1-2 months; and that cows
dry 3-4 months gave 1., per cent more milk than when dry
2-3 months.

Seath and Neasham (1942) are of the opinion that an
ideal revroduction record would be one in which 12.5 per
cent of the cows were dry each month during the year. Trans-
lated into dry period this would mean 7 days of rest on the
basis of calving at yearly intervals. Johansson (1940) has
reported the ovtimum calving interval is 1]} months for
heifers and 13 months for subsequent lactations.

Morrow (1945), by using 2631 lactations being available
with the length of the preceding dry period known, found the
highest oroduction was in the group of dry periods from 60
to 89 days. HEowever, he concluded 1f a smoothed curve
were prepared from the datea, the high voint would coilncide
with a veriod approximately 65 days, with very little dif-
ference occurring between ;5 and 85 days. On either side
of these 1limits, production values were considerably
decreased.

In regard to the year effect on production trend, Plum
(1935) has reported only 2.8 per cent of the total variance

wes due to changes in yearly averages based on 5860 records
from 1922 to 1932. Fowever itwes statistically

significant.

p
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Source of Data

The data for this investigation were taken from three
of the Michigan State Institution herds. They are the
Traverse City herd, tre Ionia Hospital herd, and the Ionia
FReformatory herd. The former 1s located at Traverse City and
the latter two are located at Ionia. The Traverse City
herd 1s the oldest and largest herd of the three. It was
established in 1888, and has 124 cows and four bulls in
service at the present time. The keformatory herd has 72
cows and three herd sires. The Ionia Fospital herd is the
smallest, having Ll cows and one bull in service now. The
better sires were exchanged among the various Michigan
State Institution herds to extend their use with a mini-
mum of 1inbreeding.

Most of the records are D. F. 1. A. records with a
small percentage of H. I. R. records. The records used
here are from 1527 for Traverse City herd, 1629 for
lieformatory herd, and 192, for lIonia Fosrvital herd ur to
1945. There were fewer records made durlng the earlier
yea rs and also consliderasbly more of them were incompletely
recorded than 1in tre later years. For tlkis reason, only
the records from 1930 on were used for studying the effect
of month of calving and year on butterfat production.
Yowever, for the heritabllity, and repeatablility estimates
and the effect of calving interval, the records starting
from the earlier dates were used. It would be better to

use exactly the same set of data for the different analyses,

y
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but this would considerably reduce the numbers available
for each, either because requirements were different for
each kind of study or because of some ilncompleteness in the
records. In order to bring the samples for the different
analyses as clcocse as vossible, the following procedure was
used:

l. Select the sires with the most mates;

2. List all the cows having the same sire 1in one group
and use all tre available records for each cow;

3. Find the daughter or daughters of each cow and
copy the number of tre daughter and all her
aveilable records following her dam;

L. All the available records were used for herita-
bility estimates, herd comparisons, effects of
calving interval, month of calving and year of
calving.

Some more descrivtions will be given at the bteginning of
each analysis.

Records were corrected for length of lactation, times
milked daily and age. 305 days, three-time milking and
six to nine years of age were used as the basis for the
conversion. The Holsteln-Friesian Association conversion
factors were used. Records shorter than 270 days were
discarded and those from 270 to 305 days were treated as

30% day records.
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Table 2a - Conversion Factors for Age and Times of Milking

Age LX 3X 2X
2 .83 1.00C 1.25
2% .79 .96 1.20
3 .76 .92 1.15
3% .73 .88 1.10
L « 71 .86 1.07

3 .69 .84 1.05
S .67 .82 1.02

6-9 066 080 1.00

10 .68 .82 1.03

11 and over .69 .8l 1.05

Table 2b - Conversion Factors for Length of Lactation
Period
Days Factor
306 - 319 .99
320 - 329 .97
330 - 339 .96
360 - 364 .92
365 - 090

For examrle, for a cow that had a record of 500 nounds
of butterfat on L times a day milking, with a 320-day
lactation at three years of age, the calculation would be
as follows:

500 x .97 x 1.15 x .83 = };62.93 pounds
If it is 3 times or 2 times milking, the factor 100 or 1.25,
respectively would be used instead of .83 for the above

equation.

-
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Comparison of Herds

A general survey of the three herds to determine theilr
average production level, and the variability of their pro-
duction caused by herd differences, cow differences and
individual record differences, served as a basic step for
the further studies. This analysis 1s based on at least
4LO0% of the records of each herd. Therefore, these records

are a very large sample of its own varent vpopulation.

Tabtle 2¢c - Average Production of the Three Herds

Ave. no. Ave. Stan-
No. of No. of of records butterfat dard
Eerds cows records per cow production deviation
lbs. lbs.
Traverse City 77 1182 2.5 L3 73
Reformatory 216 651 3.0 492 99
Ionisa 108 L66 L.3 550 12h
Weighted Ave. 801 2299 2.9 L78

Tatle 2c shows that tre Ionia herd has the highest
average; the Reformatory herd, second; and the Traverse Clty
herd, the lowest. The standard deviations are prorortional
to average onroductlion in each herd. Thrat is, the higher
the pnroduction, the greater the variation of butterfat
production. If we assume that the genes which are respon-
sible for butterfat nroduction have only an additive ef-
fect, the above order of the observed standard deviations

1s an unexpected result. If the individuals of a popula-

y
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tion carry more or less than 50% "good" genes, it is ex-
vected that that vopulation will be less varieble than a
vopulation of individuals with about 50% "good" or "bad"
genes. The more they tend toward the extreme, the less
thelir variation should be.

The vproof for the above statement 1is, according to
Castle (1921), that the variance of a population 1is equal
to 2q(1-q)d2, where q is the gene frequency of the "good"
genes and & 1s the value 1increased from "bad" gene to "good"
gene . Therefore, when the value of q = .5, the varlance
is the largest, and when q>or < .5, the variance 1s smaller;
the more the decrease or increase of q, the smaller the
variance will be. Of course, there have been some assump-
tions for the tehavior of tre geness.

According to Tatle 3¢, the Ionia herd had the highest
butter fat vroduction. The cows 1iIn that herd must have had
more "good" genes than cows in the other two herds. Simi-
larly, the Reformatory herd must have carried more "good"
genes than the Traverse City herd. The Traverse City herd
must have had more than 507 "good" genes because 1its aver-
age rroductlon was higher than the breed average. PFrom
this it was exrected that the variation in production in
each herd would have been in the reverse order, that 1s,
the Traverse City herd, the largest; the keformatory herd,
second; and the lonia herd, the smallest. l'hese results
s+ Assumptions of the behavior of the genes:

l. genes have equal effects; 2. no dominance; 3.

' genes combine additively; L. &all genes combine
freely.

y
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indicate that the genes for butterfat production behave

not only additively, but that they show some degree of

dominance and interact in various ways with each other, and

that environment also plays an important part.

These fac-

tors confuse the additive gene effects and helped cause the

large variation in the herds of high producing individuals.

Tabie 24 - Analysis of Varlance of Fkach Herd

Sources of Degree of Sum of Mean
Ferds variance freedom squares sguares F
I'raverse City Total 1,161 6,263,547 5304
Fetween cows L7% 3,342,152 7021 1l.6933¢
Wwithin cows 705 2,921,425 Lihl
Reformatory Total 650 €,221,529 9572
Retween cows 215 3,204,830 14906 2203
Within cows Luys 3,016,699 6779
Tonia Total 465 6,035,679 12980
Eetween cows 107 4,040,405 37761 6 .78
Within cows 358 1,995,274 5573
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I'able 2e - Tortion of Variance Due to Cow Differences
- - ‘x*
'y - Jcow
a Ufecogd + (1) : §record T 0cow
Ferds U-r-ecord Ko U COW Ko a-cow
T'raverse City L1lLL 7021 2.46 110 .22
*eformatory 6779 1,906 3.00 2709 .28
lonia E573 37761 L .30 7L €5 .57
(1)
K = 1 SK - SK°
: A (5% - )

K 18 the numter oi records cf each cow
n is the number of cows

S is the silpn fHr summaticn

1t is obvious from lakle 24 that the differences te-
tween cows were Frighly stenificant. T™his was exrected.
fatle 2e gsives the vorticns of variance cue to cow differ-
ences in each berd. Since “he results shtow that the Ionia
rerd had the highest cow varisnce, and the other two were
culite similar, tre variance tetween records of the same cow
wlll be In tte reverse ordcder. Consequently, tre creater
variation of tre lonia herd thran tre Feformatory herd and
cf tre Feformatory herd trhan tre [raverse City herd shown

ir lratle 2d was mainly cue to tre aitference between cows.
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I'ne differences of cow variances among the three herds
make one wonder whether there was asny pgenetic tackground
involved. For tri1s reason, a few cows were rchosen st ran-
dom from each herd and their redigrees were checked. 1t was
found that most of the cows in the Traverse City herd were
related to btull 412017, and bull L860B0O, and also some
slipht inbreeding was found. Animals in the helformatory
hherd showed the same tendency, but to a lesser degree tlran
the I'raverse City lrerd. helationshir among animals in the
ionia rerd were very seldom found, although some of the tulls
were related tc the bull In the [reverse Clty herd. ihis
maly have teen due to tre comrarstively late estabtlishment
of tris herd. Very possibly, tris different intensity of
relationshir ot tre animals in each herd was the main csuse

f'or tre dilfferent varlation of animals among the three herds.

Variance Due to Ferd Difference

The vprocedure used for tkis analysis in combining the
three herds 1is trat given by tlum (1935). Becsuse quite
& few gnelvses will follow tre same nrocedure later, the
detailed stens 1l'or tle calculation are riven here. ihey

vwvill bte omitted in tre later ones.
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Table 2f - Analysis of Variance of Herd and Cow

Differences
Degree of

Sources freedom Sum of squares Mean squares
Total 2298 22,538,822 o808
Retween herds 2 4,018,037 2009018
Within herds 2296 18,520,785 8066

Petween cows 800 10,587,387 13234

Within cows 1496 7,933,398 5303

Total sum of squares

sum of squares of record of each
herd - grand correction term

1,7,040,282 4 163,893,765 4 237,982,767
- 1,100,065

by
= 22,538,822

Sum of squares for herds =z sum »f the correctior term of each
herd - grand c-rrection term

141,004,603 ¢ 157,672,236 + 231,719,190 - 1,1005065

L4018,037

Sum of squares within herds = total sum of squares - sum of
sguares for herds

- 22,538,822 - 44,018,037 = 18,520,785

Sum of squares within cows within herds = sum of sum of
squares of the within term of each of the three
herds

2,921,385 & 3,016,699 + 1,995,274
7,933,398
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Sum of squares between cows within herds = sum of squares
within herd - sum of squares within cows within
herds

= 1,852,078 - 7:933:398 = 10:587.’387

According to formula (6),
Ky (for between herds) = 706.5 records
Ja(within herd) + KO‘T?between herds) = 2,009,018
T?between herds) = 2832
Fortion of variance due to herd difference =

P A
J(between herds)
F2(within herd) 4 g{between herd)

= 2832 = 2674
10868

Fortion of variance due to witbin herd difference
= 1007 = 26% a A

Ko (cow difference intra-herd) 2.87

2763

Fortion of variance due to cow difference intra-herd = 3%

r3
J (cow difference intra-herd)

Fortlion of varisnce due to record difference intra-herd =66%

Tortion of variance due to cow difference inter-herds

= .74 x .34 = 25%
Fortion of variance due to record difference inter-herds

= .74 x .66 = L,97%
According to the above analyses, record differences caused
the main vart of thre total variation, and it is mainly due
to environmentel effect. However, both the genetic com-
vosition of tre individuals and the environmental effect

on them were important causes of herd differences and cow

differences.
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Plum (1935) has treated the portion of variance of
herd differences as the correlation coefficient between the
individuals within the herd, and he reported a value of .34
as compared with .26 from this data. He used 119 herds and
the average number of records of each herd was about fifty
records. Comvnared with the data used here, his herd size
was much smaller and so the individual cows tended to be
mcre correlated. Therefore, the value of the correlation
coefficient between the individual cows within herds found

here is reasonatle.

Repeatabllity

"Repeatability", sveaking 1n general terms, 1s the con-
sistency of the cow's l1life time productlion. Statistically,
it means the correlation between the records a cow has made.
A machine cannot have exactly the same amount of out-put
vear by year. So, a cow, with a much more complicated
mechanism, can never be expected to have the same produc-
tion every year, since both external environment, such as
management, and the internal functioning of every organ
within tre body are closely related to the milk production.
Nevertheless, tecause of the lnherent abllity of a cow, the
variation of a cow's record has, in general, certain limits.
Numerically, thls 1is called the coefficient of repeatability.
This coefficient serves as a predicting factor for succeed-
ing records based on preceding records that have been made

by that cow.
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Table 2e shows 22% of the total variance accounted
for by cow differences in the Traverse City herd, 28% in the
Reformatory herd, and 57% in the Ionia herd. They are still
the results expected, as the Ionia herd is the smallest one
and the records of many of the cows in the herd are close
as 1s seen by a rapid glance. This merely indicates that
the Ionla herd has been under a quite constant management
month to month and year to year. Most of the cows were kept
in a healthy condition and disease and other kinds of
temporary internal disturbances were probably controlled
better than in the other two herds.

Table 2f, by combining the three herds together, gives
the average reveatability coefficient. It amounts to .25
for the inter-herd base, and .34 for the intra-herd base.
The latter one, .34, 1s really the average of the coeffi-
clent of rereatability of the three herds. It will serve

as a conversion factor later on.
Ferltability Analysis

Definition: "Heritability" is the fraction of the ob-
served variance which is caused by differences in heredity.
In other words, i1t 1s the extent to which observed differ-
ences between 1lndividuals are caused by differences in the
genetic make-up.

Let Ug = the part of varisnce due to differences 1in the

genetic make-uv of different individuals in the

poprulation.
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(TE = the part of varliance due to differences in the
environment under which different individuals
developed.

76 = the observed variance of the different indi-
viduals in the population.

Then Ve ¢+ (OE = 00, Uf{_—. o - O, andl}}__. -V_ﬁ_, the

0 + OE 00
vortion of variance for which differences 1in heredity are

resvonsitle.

The value of heritability can be altered by changing
either the V% or Wi. Increasing the control of environ-
ment reduces Vi and therefore makes the heritability of that
characteristic higher than in the general population. Also,
if assortive mating or inbreeding of serarate lines 1s fol-
iowed, the V?E:is decreased. hLence, any given character-
istic 1in any treed will have different heritabllity values
from one herd or group to another. The degree of difference
depends on the system of mating and the environmental

veriation.

NDiscussion of Method

All mettods of estimating heritabllity rest on measur-
ing how much more closely related animals resemble each
cther than the less related animals. All the different
genetically related individuals, such as isogenic 1lilnes,
rarents-offsrnring, trotrer-sister, and grandvarents and

fraendoffs»ring, can be used for heritability studies.
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Thre relationship that 1s most suitable depends on (1)
whrether there is enough data available regarding that rela-
tionship, (2) the environmental effect, and (3) the mating
system. If the mating system was other than random, it can
be eliminated byv other means.

Variation within sets of identical twins is wholly en-
vironmental. Comparing this with fraternal twins rather
than with pairs of individuals unrelated to each other would
be a very simvle and accurate method. it i1s the only method
likely to measure all of the epistatic and dominance varia-
ticns as well as the additive ones. Because of the rarity
of identical twins 1n farm animalk and because 1t is diffi-
cult defihitely to distinguish them from fraternal twins,
resulting in some sarpling error, c¢his method has not re-
ceilved very wide use. Fowever, 1f the time comes when we
can accurately 1dentify the kind of twins, this method will
vive the best results if there are numters enougkr in that
ronrulation. For heritability estimates, the use of grand-
rarents and grandoffsvring, half-brother and sister, or half-
sisters, and some other less related vairs tends to enlarge
an error of any kind because of the higher number of multi-
~lication to the correlation coefficlent obtained from the
ctserved data. In acddition, in sit relationships, some en-
vironmental effect enters in, and makes the heritabllity
velue annear larger then it should. Lush (1947) has com-
mented on Gowen's (1934) heritability study of Jersey

cattle for this reason.
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There 18 a method for computing heritability based
on ldentical twins. It is the intraclass correlation

method given by Snedecor (1946):

Om
T+ 7

Where UJm is the mean square of twin palrs and Ulis the
mean square of individuals. The calculation fcr these two
values 1is the root procedure of analysis of variance of two-
way classificatlion. Actually, Ujis a measurement of
variation due to environment and ( m is one due tc heredi-

tary effect. If they are relating with the above formula

as set by the def'inition,

0m = Om
0’4 fm 0Ol 4+ 08

t 3 2 E 8
Then, fm =« OH, 0« (%

and UL'I- Drr;-.-[f%:-l- Ué: U’o‘.

Since Lush (1940) worked out the intra-sire regression
or correlation method, most of the environmental contri-
tutions to the variation can be elimlnated automatically
by this within sire method because (1) the daughters and
mates of a sire are nearly always kent in the same herd;
therefore the effects of heterogeneity of management from

herd to herd are left in the differences between sires and
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(2) the offspring of one sire are usually nearly con-
temporary. In addition, the parent-offspring correlation
or regression comnuted on an intra-sire basis goes far
towards discounting any pecullarities of the mating system.
For these reasons, the daughter-dam vrairs, and the half-
sister pairs by the same sire were selected as the basic
maeterial for the heritability estimates of butterfat rroduc-
tion in tkis study.

Lush (1940) has given a method which is an approxima-
tior to the leasst sguare regression or correlation method.
IThat 1is, by dividing the mates of each sire into a hilgh
half and a low half the difference btetween the means of
thelr offsrring when doubled and divided by the difference
tetween the means of the dams, ylields an estimate of thre
additive genetic portion of variance and a part of epistatic
variance. Since tlre least square method 1s more accurate
trhean ttre arproximate method, the technigque of analysis in
this rarner will follow the least squares onrocedure.

The background of the above procedure for the estl-
mation of heritablility is the pvath coefficient analysis
which was derived by Wright (193L4). Its avnlication to the
animal breeding rrogram has also been given by Wright
(1921). PFor making the explanation more clear, a diagram

and derivation has been made as follows:
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Pigure 1. - A Diegr-u Illustrating trne Relations Between
Two Mated Individuals and Thelr Propeny.(Foliowing Wright 1921)

O O' - The litter mates or full sibds

H, H'Y, A", 7't _ The genetic constitution of four individuales
G, G, a", @''' - Four germ cells

% - Environmental factors as are coumon to litter mates

G - Chunce

D - Factors lergely ontogenetic irregularity

The small letters stand for the various path coefficient,
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e + 62 ¢+ a2 = 1
'no = hbah = abh?

Too' = habbah 4 habbab + ee = 282 b2 h2 ¢ €2

' PZGH = 82 =« 1/2, b =4f_f_ (in random breeding vopu-
2 lation)
¢+ . 8 =z b = JGJE;
- Tpo =z 1/2 he
Too' = 1/2 h24 €2
.'. h2 - ero (1)

he = 2¥oo! -2e°
For the half brother-sister or healf sister, or half brotlLers,
he- Lrgor -Le? (2)

Frcm the equations (1) and (2), we can see the reason
for multivlying varent-offsprring correlation by 2, and
multiolying the half-sib correlation by L4 in order to get
the wrole vortion of varlance due to heritability. In
addition equation (2) shows trat a certain environmental
correlation is included in the estimation of heritablility
based on the half-s31ib correlation. However it is not in-
cluded when there is no environmental correlation between the
half-sibs. Actually, the latter case 1s impossible for the
maeternal half-sibs, because their prenatal environments
are similar.

Lush (1940) 1llustrated very clearly the regression
of daughter on dam as a method estimating heritabillity.

[he regression coefficient, mathematically speaking, is the

slore of the line which i1s used tc vredict the dependent
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variable by the independent one. In other words, it 1s

the measurement of how much,on the average,one unit change
of the indevendent variable, for example the butterfat
vprcduction of the dam, changes the dependent variable, in
this case the daughter's productlion, above or below

average. The higher the regression coefficient, the greater
the variability due to inheritance, that 1s, the higher

the heritability value, and vice versa. Under the intra-
sire base, the regression of daughter o Jam asa:117
includes so l1little of the environmental effects that they
can be ignored. To obtaln the heritability value, this
regression coefficient 1is doutlel in accordance with
Sechmidt's principle of diallel crossing (Lush, 1940), and
the equations derived from Wright's path coefficients above.

The statistics of correlation and regression are:

- 2X £
S Xy _N_X

(3)
2_(gx)2 2_(_sy)e2
/(gx - (2X)3) gy Tl )

SXY - 2XeY
Y% N (4)

2 _ (X)2
X - 2p-

3 3
Since heritability is aefined as UH or UH , and
0o 0r +0g

usually the computed r and b Qoutled are used as the heritability

value, we can set the following eqgualities:
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Since: ,
]
-——{ xy
0o
k3
Therefore, lr - 2rxy
0o

and T = COV. XY
0x d-y

2
Therefore, B 7 2 cov. xy

ao’ 0x dy
2
Since: E = 2b__ = UH
¥yx L
0o
3
Therefore, (¥ - 2 cov.xy
5 (x2

From the above equations it 1s obvious that the co-
variance of parent and offspring 1s actually the genetic
vortion of the variance among the total observed variance.
The product of the standard de&iation of the parent and
offsnring, or the variance of the parent is an estimate of

the total observed varilances.

As
r = cov Xy and b = cov xy
ixdy 0x
cov xy . Ig = cov_xy b=r Jy

Ux Uy Ux dx (rx (5)
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The correlation and regression are interchangeable. If
there 1s no selection among the parents, the standard de-
viation of the parent should theoretically be equal to
standard deviation of the offspring, that 1s0x =0y , and
tkren r = b. Therefore, the use of the correlation or re-
gression coefficient should be interchangeable. There
should be not too much discrevancy between them in case
there 1s no selection among the varents at all. If there is
selection of the varents, according to Lush (1940),
"Selection of the dams will tend to lower the correla-
tion coefficient, tut will not blas systematically the
regression of offspring on dam, although the dependability

(fiducial 1imits) of that regression will be decreased."

Frocedure for Eeritability Analysis

tThe first step for the analysls of heritacility was
the analyzing of each herd. After that was done, the three
herds were combined and the welghted average was computed.
For each herd, a pnreliminary analysis, an intra-sire re-
rressionand correlation and a half-sit correlation analysis
were carried out. The method of analysis closely followed
the method outlined bty Snedecor (1946) or some other route
statistical rrocedure. An interrretation will be gilven

following the result of each analysis.
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Feritabllity Analysis of Putterfat Production for the
Ionlia Reformatory Ferd

l. Preliminary Analysis

There were 120 dam-daughter pairs under nine sires
avallable for the heritability analysis in the Reformatory
herd. The average production and the variance in produc-
tion of the dam and daughter groups are given 1in the

following tables:

Table 3a - Average Froduction of Dam and Daughter Groups
Sire  daugnter pairs B e of daughters
480572 11 499 Lé3
808309 8 516 SL7
629,478 22 517 L72
576509 8 L79 L71
575183 29 L9O L72
TuL 578 19 512 495
6sL 8L 10 506 u95
401108 8 L4, 60 531
545551 5 507 489
522685 2 L65 528

fotal 120 500 L87
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Standard ceviation of the dams' voroduction = 74 1lbs.
Standard devistion of tre daughters' vroduction = 64 1lbs.
Coefficient of variation of the dams' rroduction = 164
Coefficient of variation of dauzhters' rrocduction = 13%
According to the results of Tatle 2a, the average of
the dam's vrocuction was higher than the aversage of the
dauzghter's rrocduction. This was lozlical tecause the dams
were usuelly selected. Eowever, the fact trat tre varia-
111ty of tre cams' rroducticon was hicher than that of the
deugr.ters' rrocucticn was due to tre tendency of the

daugr:ter's production toward tlre rerd average as a result

cf trelr cam's teing selected.

Zatle 2kt - fnalysis of Varilance of tre Tams' Froduction

Degree of Sum of Yean
Sources freedom sguares sguares F
Ictal 119 £380651 362
Zetween mate grours 9 331¢€0 2¢€8L Yon-signi-
ficant
Within mate grours 110 6CLES 5499

Lccording to the results shown in jetle 2t, there was
no difference tetween =-re dams mated to aiiferent bulls.

-~

Trat mesns trat tre dams mated to different tulls were

} e

at rancdcr~ &s far as btutterilat rroduction was

(o8

cdistricute

ccncerned.




Table 3¢ - Analysls of Varilance of Daughters Eetween Different Sire grouns

Source Degree of Freedom Sum of squares Mean squares F

Total 119 524727 1,558

Between sires 9 68572 7619 Non-significant
Within sires 110 156155 Lil7

Table 34 - Analysis of Covariance and Test of Adjusted Means Between Daughter Groups

Sum of squares and products Errors of estimate
Degree of (I7Sum of Degree of Mean
Source Freedom Sx@ Sxy Sy2 squares freedom square
Total 119 638051 121846 celi727 501495 118
Between sires 9 633160 -5875 68572
Within sires 110 604891 127721 456155 429187 109 3937
For test of significance of adjusted means 72272 8030
(1) sys (Sxy)2 F = 8083 2.0l
X 37 .
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fhere was no statistically slioniiticant difference be-
tween daurhters by different sires even at tie 57 level,
sccoraing to lasrle 3c.

The analysis of variance ol latle 3¢ and 3d are a nre-
liminary analysis of the dauvhters' tuttertfat rroductlon.
lable 2c rives the result before adjusting. In other words,
it #7ives the resualts in which the eft'ects of the dams' onrc-
cduction were tlanded. 1t turns out non-gsienificant, but thre
% value 1s close to the 7 level of sifFnificance. sfter ©he
~f'l'ect ol tYe cams' rroduction 1s adecucted bv the covariance
mettod, the | value shows sirniticance at tre 5% level. T"hat

means the cams' rroductior acvilitcy did rave some eitect on

Jbe varliastion ol tre caurhters! rroduction, althourh there

@2 faen no 8 nifticaent Jiffererncoe (etwoaen e cififerent aam

-~ .

%8 wns srowr: in farle 3t ire 1nverrrctation 1or Gthis

IRGTURP ha =

w

ey o be (1) due to the dirfference of tre 1lntrinsic factor,

4]

e Tey Sre wTenetlc maxe-ar, ol tle cvans Lelng allferent among
“bPe aitlrerent cro:ms; (2) daue to tle diilerent renetlc com-
necslbion of trhe sires 1ror milk or cutterfat rrocuction. e
czrnnob exmect 8ll trhe sires to rave the same transmittings
atility for cutterfat »roauaction anless tLrhey all come 'rom
“re =zeme hickly Inktred line. Conseauaencly, the F value 1in

ratle 3d 1s reasonatle and exnected,

2. intre=-sire Correlation eand Terression of dauchter
on Dam "etrod

['Ye¢ rosults cof tre calculstions of Intra-sire corrcla-
ent end resressicn ol aauwsrter orn cam are

cntered 11 ot le 2e.
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Table 3e - Observed Intra-sire Correlation and FKegression
Coefficlents
Numter of Regression Correlation

Sires dam-daughter pairs coefficient coefficient

480572 11 « 37

808309 8 «17

629,78 22 -.57

S76509 8 .01

6751€E3 29 -.01

704578 17 -.10

6oL ELL 10 .37

5,5551 5 8.92

1,01106 8 .84

5226885 2 1.54

Total 120 21 .2l

Tatle 3f - A Comrarison of Daughters'
and Regression Indexes

Average, Equal Farent

Mean
Mean Deviation producticn Equal
produc tion from herd of parent Regression
Sire of dam average daughter index index
LEosT72 L99 7 L63 (10) 427 (9.5) L26 (10)
629478 517 25 L72 (7.%) L27 (9.5) L67 (9)
576509 479 -13 471 (9) Lé63 (7) L7y (7)
675183 490 -2 L72 (7.5) L5y (&) L72 (&)
TLL578 512 20 4ot (L.5) 478 (5) L91 (5)
69,8 5Cé - 6 L95 (L.5) LEL (L) Loy (L)
40110 L60 -32 531 (2) 602 (1) 538 (2)
SL5551 507 5 L89 (6) 471 (6) 488 (6)
522685 Lé5 27 528 (3) 591 (2) 522 (3)
€0€309 516 2L 547 (1) 578 (3) 52 (1)
Herd average = 492 b = .21
Regression index = herd average # daughters' average -
{ expected desughters' average
Expected daughters' average = herd average - b (devia-
tion of dams' average

from herd average)



Lo

Table 3g - Analysis of Error Variance

Degree of Mean
Source Freedom Sum of squares sguares F
Witkin sire
unad justed Sy2 110 456155 4149
Due to regression 1 26968 26968 6.85%
Error for adjusted
production 109 L2918 3937

The intra-sire correlation and regression of each sire
group was carried out by straight forward correlation and
repression methods using formulae (1) and (2). The intra-
sire correlation and regression of the whole herd was calcu-
lated according to the covariance method. r'or the total
regression and correlation, the covariance method is a de-
terminative method by which almost the total effect due to
sires 1is left out. fherefore, we consider those coefficlents
as beilng due to the dam's effect on the daughter, and hence
are called intra-sire correlations and regressions of daugh-
ter on dam. In order to get tre heritablility value, based
on formula (1) and the explanation in tre discussion of re-
rression, both the coefficients need to be multinlied by two.

In regard to the regression value for each sire group
stown in Table 3e, some values are quite high, such as for

sire 545551, b = 8.9166, while some other values are low,

such as, in the 576509 group, b = .0074. The latter one shows
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almcst no regression. 1In addition, there are also nega-

tive values. The cause of thls heterogeneity among the regres-
sion values was (1) the effect of environment and (2) the

small numbers included in each sire group. These values

give us a clue to trhe imvortance of environmental effects,

and the unreliatility of small sample numbers f[for the but-
terfat production analysis. The effect of either one of

them could bias the result an unbtelievable amount.

Table 3f gives & comparison of three kinds of sire in-
dexes. As we comnare these computed values for regression
index and equal varent index, the former gives lower values
for bulls with hligh record daughters and higher values for
tulls with low reccrd daughters than the later one. As far
as the rank 1is concerned, there are some minor changes among
the three different indexs. 1In general, they agree fairly
well. Mevertheless, on the genetic base, the latter two
indexes seem more loglcal then the lndex based only on
daughters?' average.

Since environmental effects contribute a large portion
of the variation in »roduction of eitkher milk or butterfat,
any sire index is an aﬁproximation. Graves and Fohrman
(1936) take a very sane view of the problem and state,

"tnvironment plays a prominent part in the making of

rroduction records, and the use of correction fac-
tors often makes the effect c¢cf environment even
more confusing....lt 1s oresamptuous to state a
sire's ability iIn exact pounds of milk or fat when

the estimate is based on a number of his daughters:
records made under such varyling conditions.
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If hairsplitting exactitude 1s set up merely as

a means for deciding competitions between bull own-

ers, then it is apt to prove cdetrimental to breed

betterment because this competition offers a tempta-
tion to the overzealous."

Since a sample was theoretically taken from a random
bred nopulation, there should be no correlation or regres-
sion among the individuals themselves. That 1s, the expected
value of correlation or regression should be equal to zero.
In this data, an assummtion was made that there was no
correlation or regression between the dam and offspring, a
test is given in order to determine whecther thilis hypothesis
18 correct. For testlng the significance of the correlation

coefficient with the sire of samprle l1lilke thls, the formula,

(r - o) , was anplied. The result .2432 = 2.66 is signifi-
T .091

dn

cant for 17 level.

T'able 3g indlicated that tlre variation in nrodaction due
to regression 1s highly signiricant. it also shows that on
tlre average tihe higher the dam's production, the higher the
daughter's production. In other words, the daughters?
records tend to follow thelr dams' production. This shows
that, to sore extent, butterfat nroduction 1s inherited. The
relationshir between the r and b values and the question of
which should be used as the better measurement for herita-
b11ity will be dlscussed later.

The standard error of the correlation coefficient was

calculated as follows:

Sp= (1 -12) /a2 = {1-(.2u31)é}/¢117= .087
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Since the heritability estimate 1s obtained by multipnlying
the correlation coefficient by two, the standard error of
heritabillty 1s likewise obtalned by multiplying the stan-
dard error of the correlation coefficient by two, which is,
2 x 087 = .174. Thus the heritability of butterfat pro-
duction in the Reformatory herd by the intra-sire correla-
tion method is 0.486 & .174.

The standard error of the regression coefficient was
calculated as follows:

sum of squares of standard error of estimate of error term
n-2

Sg = Sum of squares of X of error term
2 (Sxy)? 127721)°
sy2 (Sxy)< Lse1ss (127721)
2 64,891
_ Sx - 119 - 2 = 0061
= n=2 = S .
Sx2 604891
Sp = ; -0061 = .0779

fhe bheritabllity estimate is obtained bty multinmlying this

regression coefficient by two which 1s equal to, 2 x .211

Ji22. Similerly, the standard error of heritability is
calcilated by multiclying the standard error of regression
by twoe, which is eqgual to 2 x .0799 w .1l46. Thus the
heritablility of butterfat vproduction of cows in the KReforma-

tory herd bty the intreas-sire regression method 1is .22 & .1L46.

The compariason of the variability of the correlation

and regression coefficient may give some information about



the reliability of those estimates. T[he formula for the

coefficient of variation is @O . 1In this case, the mean of
m

the correlation coefficients is .243 and the mean of regres-
sion coefficients is .211. Therefore, tre coefficient of

variation of the correlation coefficient is equeal to

'2?2 = .358, and of the regression coefficient is equal to
.24

0779 =.369. The variability between those two coefficients

.

is very clcse. Threrefore, as far as variatlility only 1is
concerned eitlrer value may be used for the estimation of the

heritability.

3. Faternal Ealf-sib Correlation Method

''he recoras used for tris method of analysis were the
same aé for the daughter-dam correlation and regression
me thods. the distrioution of daughters under each sire has
already teen listed in Table 3a.

Tarle 3h - Seraration of Comvmonents of Variance of
Eutterfat Froduction of the Daughters

Degree of Sum of Mean
Source freedom squares squares Comnonents
Fetween sires 9 cés72 7619 B ¢ Ko A
Jithin sires 110 L 56155 Liy7 B

In the Table 3h, the varlance was divided into varia-
tion between sires and between daughters by the same sire.

fhe varlance comronent E renresents variation between
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daughters by the same sire, while component A is the addi-
tional variance which can be ascribed to differences be-
tween sires. Ko is the average number of daughters under
each sire. It is calculated by the formula (6).
For ilable 3nh

Ko = 14.29
B = L147
B + 14.29 A = 7619
A = 248

The ratio A is the average correlation between daugh-
A 4+ B

ters by che same sire. +fhe average correlation multiplied
by four 1s the estimated heritatlility of butterfat oroduc-

tion by the half-s1b method, and for trhis set of data is

x %A— = %(2%8)8: E%g_% = .23

The standard deviation of the half-31b correlation 1is

equal to

- 1 1 - 14 x 248
e - B(R - K,A) _ Liu7 (Layv | L8) . .05y
(A + B)Zv/-—fmo—l Kn (L4147 + 248)< /E(13)1L . 10) -
Table 31 - Summary of the Observed Values of the
Estimation of FHeritability
Correlation HKegression
Method coeffliclent coefficient Heritabllity
Intra-sire regression
of daughter on dam .21 + .078 L2 ¢+ .156
Intra-sire correlation
of dam and daughter .24 + .087 49 + 174
Faternal helf-sib
correlation .056 & .054 .23 &+ .217

<
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Heritability Analysis for the lraverse City Herd: The

calculations for the Iraverse City herd, the largest of the
three herds, were the same &s for tre EFeformatory herd.
280 daughter-dam rairs by 15 sires were included.

l. Freliminary Analysis

Tatle La - Averace Froduction of Daughter-Dam Grouops

Fesistration Numbter of Lverage Average
numters dam-daughter vroducticon vrroduction
of sire vairs of dam of daughters
EROBE2 21 L 3L L70
53353 25 L4 0 LO7
7CC27¢8 35 L2s L35
Tes1cl, 71 L56 LBG
F1zcol 10 L3L 3¢0
T€9G1:z 15 LeE Ll
7E7€11 S LEC LE5E
Szaést L Lac Ll
373211 7 L6t L 39
€CeTTL 8 Le2 Le2
LEechC 30 LET L29
L12C17 3 L75 LS5O
REE€7LL 1€ Le2 Liw
£zCl2F 11 L LEl
“ctel 2€0 L8 L3

S-erdard ceviation of tre cdams' production = 53 1lbs.

starderd ceviaticn cf tre daughters' vrocuction = €L 1lts,




L7

Coefficient of variation of the dams' production =z12%

Coefficlent of variation of the daughters' production =15%

Tabtle 4b - Analysis of Variance of the Dams' Production

Degree of Sum of Mean
Source freedom squares squares F
Total 279 774925
Fetween mates 1Y 63953 L4568 1.70
(non-signifi-
cant)
wWithin mates 265 710972 2683

Table e - Analysis of Varlance of Daughters' Production

Degree of Sum of Mean
3ource freedom squares sguares B
Iotal 279 1165935
Fetween sires 1l 116445 8351 2.10:¢
Wwithin sires 265 1049470 3960

Tatle jjd - Analysis of Covariance and Test of Adjusted
Means EBEetween Dasughter Grouos

Sum of Errors of estimate
Degree squares and products Degree
of Sum of of Mean

Source freedom Sx2 SxXy Sy2 sgs. freedom sqa.
Total 279 774925 77641 1165935 1158156

Between

sires 1L 63953 16339 116445

Within

sires 265 710972 61302 1049490 1oLL204 264 3955

f'cr test of significance of adjusted means
113952 1, 81329




L8

F a 81;9 - 2.058%

A comparison of the averages, the standard deviations,
and the coefflcients of variation of butterfat production
of dams and daughters, leaves little doubt that the dams
were selected, since the dams' records were higher tran the
daughters' records, but the dispersion of their distritu-
tilon was smaller than that of the daughters.

The result of the analysis of variance of the butterfat
vroduction of dams mated to different bulls was non-signi-
ficant, while 1t was significant tetween the daughter
grouns as the F values show in Tables b and 4 c. I'his
inaicates tlrat the dums were mated at random among all the
sires. 1f there was no dilrferences tetween the genetic
rroducing atility of tre sires for butterfat production, the
F value should be non-significant for the sire effect on
daughters!'! nroduction. Fowever the results show signifi-
cance at the 5% level. This means trere evidently are
some significant differences between these sires' trensmit-
ting abilities for butterfat nroduction. Fowever, this
difference will not effect the correlastion and regression
coefficients fcr ttre estimation of herlitability, since the
effect will be excluded by tre intra-sire method.

I'he F value of ratle L4d is sipgnificant at the 57 level.
rrom Taktles L4b and Le¢, in which there was found to be no

difference between grours of dams, while the daughter groups
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by different sires were different for butterfat production,
the result of Table jjd is expected, and gives furtrer proof
of tre difference between sires.

2. Intra-sire Correlation or hegression of Daughter
on Dam Method

Table e - Intra-sire Correlation and kegression
Coefficlients

Number of KRegression Correlation
Sire dam-daughter pairs coefficient coefficient
659862 21 .2123
553353 35 .0224
70C278 3c .0267
729194 70 . 030l
F1309) 10 Ol 67
7€9913 15 - <2555
7ET7€11 9 «1710
522658 i L727
353211 7 1307
6COT7TL 8 6122
), RE0LO 30 .6310
112017 6 0776
S66ThL 18 -.1209
€.50025 11 -.7376

Total 2E0 L0862 .0710
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Table Uf - Test of Significance of Kegression Coef-

ficient
Degree of Sum of Mean

Source freedom sgquares squares 1
Due to regression 1 5286 5286 1.34
Error for adjusted

production 26l 1oLl 20, 39655

Within sire of

unad justed oroduction 265 1049490 3960

The method of calculation for the coefficients listed
in Tatle lie was tre same as that for rable 3e of the
heformatory herd. The fluctuation of the regression coef-
ficients may be intervreted tre same as for [lavle 3e.

ror testing the significance of the ccrrelation
coefficient, the same formula was used as for the Reforma-
tory herd. The result of this testing gave the value, 1.19,
which is non-significant.

According to tre results of tre analysis of the signi-
ficance of thre regression and correlation coefficients, the
value for either was not significantly different frcm zero.
3ince there were quite a few negative regressiocn coefficients
es Tatle lje shows, this was to be exmected. This means that
in this set of data tlrere was no way to oredict the
daugrhters!' nroduction from the dam's records.

'he reason fcr tre low heritability may te (1) domin-

snce effects, (2) the envirommental conditions were not

p
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good enocugh and tkhke animals with genes for high production
could not show tlelr true ability. The result is perhars the
vroduction records did not represent treir true ability. I
have visited th1ls herd. This herd 1s a part of the

Traverse City Mental Hosvital, and some of the peonle work-
ing in the herd are Jjust recovered or vartially cured ner-
sons. The management arvears below the average of the

other two herds studied. For this resson (2) is more likely
to have existed or rnlayed the maln effect. There may have
teen some samrling error, tut as the samnling size of this
herd was the largest among the three, it should not have
rlayed &ny imvortant role.

For obttaining a devendable heritabllity estimate, these
three samrles from eaclk herd are rooled later. The data
from this herd 1s considered as part of the total ssmple.
[herefore, both the regression and correlation coefficients
calculated for trhis herd are taken at face value, even
thouglh they are non-significant. Furtkermore, this regres-
sion coefficient 18 used to comoute the regression ilndexes

to comrare them with the other sire indexes.
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fable L4g - A Comparison of Daughters' Average, Equal
Parent and Regression Indexes (1lbs.

Butterfat)
Mean
Drogzggion ?igéaﬁigg Drodg;tion ggggit Regression
Sire of dam average daughter index index
659863 L3 -9 L70 (1) 506 (1) 471 (1)
533652 LLO -3 LOo7 (13) 374 (13) 4o7 (13)
700278 h26 -17 L35 (10) Lhh (6) 436 (10)
729194 L 56 13 Lo (5) Ls2 (5) U453 (5)
€1309L L 3L -9 399 (14) 364 (14) 399 (14)
7€9913 L68 25 L1 (&) L1 (9) L2329 (&)
787611 480 37 Ls8 (4) L36 (7)  L55 (L)
522658 L20 -23 Ll (7) L6868 (4) hhe (7)
353211 L6E 25 439 (9) 410 (10) U437 (9)
60977hL Le2 -21 Le2 (2) c02 (2) LélL (2)
;86040 L57 1L L2 (11) Lol (11) L28 (11)
412017 L7% 31 450 (6) L2s (8)  Lue (6)
s667Ll L53 10 L1s (12) 377 (12) L1y (12)
650025 L4L9 6 Léel (3) L73 (3)  Léel (3)
b = .086
Ferd average = 412 1lbs.

It avvears in lable lLg that trhe regression indexes rank
exactly the same as the daughters!' averages, and the actual
values are alsc very nearly the same. iri.oresults from the

low rerfression coefiiclent which causes the expected
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daughter's production to be very close to the herd average,
e. g., regression index = W ¢+ D - e, where W is the herd
average, D 1s the actual daughters' average, and e 1is equal
to w - bx. As b value 1s small and bx is very close to zero,
e will aporoach W. I'he result is, W ¢4 D - ¢ = W 4 D - W =D.
It is statistically true also that when t value 1is zero,
trhe mean 1s the predicted value. Since the equal narent
Index 1s based on the assumption that the regression of
daughter on dam is unity, the values based on it depart con-
siderably from the regression index in tris case.

The calculation of the standard error of the regression
and correlation is exactly same as the calculation for the

Leformatory herd.

5 Sy2 - (sxy)2 /3x2 1049490 - (61302)2/710972
32 = "= 2 77

5x2 710972

=.0053

/-0053 = .073

03]
o
]

w
5
"

(1 - r2)//m =2 =1 - (.07096)2//280 = .0598

3. Faternal Half-sib Method

Table Ij4}h - Sevaration of Components of Variance of the
Butterfat Froduction of the Daughters
Degree of Sum of Mean Com-
Source freedom squares sqgquares ponents
Retween sires 1L 1164145 8318 B + X, A
Within sires 265 1049470 3960 B
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=
'

19

o = (280)- 98,8
1
La_ = 4(229)

The standard deviation of the half-sib correlation 1is,

.22

0r = B(B + KoA) = 3960(3960 - 229 x 19)
(Ao + P)2 / E(Kg - 1)Kon (3960+4229)2/3(18)(19)(1h)

.038
lable L1 - Summary of tre values of tstimation of
Feritatility
Correlation HKegression

Method coeff'icient coefficient FKeritability
Intra-sire regression

of daughter on dam .086 ¢ .073 .17 % .15
Intra-sire correlation

of dam and daughter .071 $.060 L1 & .12
Faternal half-sib

correlation .056 $.038 .22 ¢ .15

According to Table i, the heritabllity estimated by
the correlation between half-sibs 1s higher than elther the
regression of daughter on dam or correlatlon between dam and
dauchter. This is logical since, as it was vpolinted out be-
fcre, the correlation between half-sibs usually incluaces
some environmental correlation, i1f any exists. Moreover,
correlation due to interaction contributes more in the half-

31ib correlation than to the dam and daughter correlation.
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Heritabllity Analysis for the Ionia Hospital Herd:

There were 73 daughter-dam pairs by six sires in the
Ionia herd for the heritabllity snalysis. Their distribu-
tion and the averages of the butterfat production of the dams

and daughters are listed in iable 5a.
1. Preliminary Analysis

Table 58 - Distribution and Average BRButterfat Produc-
tion of Dam and Daughter Groups

Number of Average Average
dam-daughter production production
Sire pairs of dam of daughters
519074 Tt 576 L96
671583 15 569 597
568009 11 517 561
solLl 02 16 573 570
s7L19L 25 5867 503
507031 2 3L 522
Total 73 568 546

Standard aeviation of dams' production = 64 1lbs.
Standard deviation of daughters' production = 83 1bs.
Coefficient of variation of dams' production = 117%
Coefficient of variation of daughters' production = 15%
Table S5a shows that the averages of daughters!' produc-
tion were more heterogeneous than the averages of the dams'

nroduction. The mean of all the dams' oroduction was higher
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than the mean of the daughters' production, but theirOsE’p-
dard devlations were in the reverse order. This is STZB shown
by the values of the coefficiencs of variation. The results
of this table simply indicate that the dams were selected.

Table S5b - Analysis of Variance of the Dams'!
Froduction

Degree of Sum of Mean

Source freedom squares sSquares ¥
Total 72 301164
Between mates S LOo149 8030 2.06

(non-significant)
within mates 67 261015 3898

Tatle Sc - Analysis of Variance of Daughters!'

Production
Degree of Sum ol VMean
Source freedom squares squares F
Total 72 507539
Eetween sires 5 107808 21563 .61
Within sires 67 399731 5966

The interpretation of Tlatles 5b and 5¢ are approxli-

mately the same as for the Traverse City herd.
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Table 54 - Analysis of Covariance and Test of Adjusted
Means Between Daughter Groups

Sum of Errors of estimate
Degree squares and products Degree
of > Sum of of Mean
Source freedom Sx SXY Sy2 sgs. freedom sgs.
Total 72 301164 37145 507539 502958 71
Eetween
sires 5 LOo149 =-25467 106808
wWithin
sires 67 261015 62572 399731 249731 66 3788
For test of significance of adjusted means 253227 5 50645
F =

506%5 = 13.38:

The F value of Tatle 5d comes out highly significant.
It means trhat these sires differed in the level of vrroduc-
tion they transmitted to their daughters. Since the adjusted
means are the average of the daughter grours by the dif-
ferent sires after adjustment for the dams' vroducing ability,
the residual variation 1s accounted for as the effect due
to the sire differences. It also indlicated there was a
certailn amount of heterogeneity among the sires, and that
the selection of sires should be carefully done in order to

increase the nroduction level.
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2. Intra-sire Daughter-Pam Correlation or Regression
of Daughter on Dam Method

Table Ge - Intra-sire Regression and Correlation

Coefficlients

Number of Kegression Correlation
Sire dam-daughter vairs coefficlent coefficient
515074 3 -.6532 -.9966
71583 1l 2945 .2650
S€8009 10 .3183 . 3651
soLL 02 15 162 .157%
STL 194 = .3855 .6366
07031 1 -.1793 - 9629
Total 67 .2397 «1937

The method of cgalculation for the coefficients listed
in Tarle Se was same as trat for Tatle 3e of Reformatory

herd.

Table 5f - Test of Significance of kegression

Coefficilent
Degree of Sum of Mean
Source freedom scuares sgquares
Due to regression 1 15000 15000

trror for adjusted
rroduction €6 249731 3784

“Iithin sires of
unad justed production 67 399731 5966

F a 15000 = 3.96
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The F value of lable 5f 1is non-significant at the 5%
level. An F value of 3.99 for 1 and 66 degrees of freedom
is needed in order to be significant. FHowever, 1t closely
anproaches the level of significance.

For testing the signiflicance of the correlation coeffi-
cient, the ssme formula was used as for the Reformatory herd.
The celculated value for tris test is 1.élL, which is non-
significant.

Table Sg - L Commarison of Daughters' Average, Equal
Farent and Regression Indexes (Lbs.

Eutterfat)
Vean
Mean Deviation »nroduction bgual
production from herd of parent Regression
Sire of dam average daughter index index
51907hL 576 26 L96 (€) L1é6 (6) L90O (6)
671583 569 19 597 (1) 625 (1) 592 (1)
568009 517 -33 561 (3) 605 (2) 568 (2)
soLL 02 573 23 570 (2) 567 (3) 557 (3)
574194 587 37 503 (5) 419 (5) Lol (5)
507031 534 -16 522 (4) 510 (L) 526 (4)

b = .24
Ferd average = 550 1lbs.
Tatle Sf shows that the rank by the equal varent index
and regression index were the same, but there was a shift
between (3) and (2) in comrarison with the daughters!

average. As far as the calculated values were concerned
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the regression index was closer to the daughter average than
to the equal parent index. The reason for this was the
low regresslion as has been pointed out in the interpretation
of the herlitabllity analysis of the [raverse City herd.

The calculation of the standard error of regression and
correlation was exactly the same as the calculation for tle

Reformatory herd.,

Sy°- (sxy) /sx? 399731 - (62572)2/261050
s€ N - 2 - 0 - .021
Sx< 261050

Sb - /.621 - .1)4.5
Sp = (1-r2)//m-2 = 1 - (.1977)2/J72-2 = .115

3. Faternal Half-sib Method

Tabtle 5h - Sevaration of Components of Variance of
Butterfat Froductlon of the Daughters

Degree of Sum of Mean
Source freedom sguares sguares Components
Eetween sires S 107808 215616 E + KoA
within sires €7 399731 5966 B

Ko = (73)2- 1247 = 13.97
QA - (1114) - .63
2-F 3966 + 111L
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The standard deviation of the half-sib correlation 1is
B(B 4K, A) - _5966(5966-14x111L) - .11
(A + B)2/E(K, - L)En (1114 + 5966)2/3(13)(14)(6)

Table 51 - Summary of the Values of Tstimation of
Heritability

Correlation hegression

Method coefficlient coefficient Heritability
Intra-sire regression

of daughter on dam 24 + .14 48 + .29
intra-sire correlation

of dam and daughter .19 ¢+ .11 «39 ¢+ .23
Faternal half-sib

correlation .16 ¢ .11 .63 & 44

Average Estimate of EFeritabllity of Eutterfat Froduc-
tion for the Three Ferds:

Since the three herds are located in twec different sec-
tions of Michigan, and since thelr management and breeding
systems cannot be the same, to generalize on this situation
and to make the estimate of herlitablillity avvlicable to more
then a single herd, a summation of the estimates from each
herd and an average of the estimated value of heritability
is gquite necessary. In addition, the size of the sample
will be enlarged and the estimated value will be more re-
liatle. The number of daughter-dam pairs samrled from each
herd is rfairly vroportional to their herd size. Therefore,

the pool of the three sammples can be assumed as a stratified

y

samovle.
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The method of calculating a welghted average 1s very
useful method for pooling samples together. It has been
worked out by Hazel and Terrill (1945). Thelr averages
were calculated bywelghting each of the individual estimates
by the reciprocal of its squared standard error. They
vointed out that thls method 1s not without disadvantages,
but it does, in general, give greater welght to those esti-
mates which are based on the greatest amount of data. The
following are the formulae used and the fundamental set-
ur for calculations.

General formula for weighted average of the standard

deviation 1is

// n 11
/ s ( 27
V4 i=1 Sy

Welghted average ot standard devisastion for intra-sire

regression of daughter on dam is

1
. 021 . 00861 . 0053

Welghted average of standard deviastion for intra-sire

correlation of dam and daughter 1is

/ I
T ¥ T ¥ 1 — = .0453
/(‘1150)2 (.087)<  (.0598)¢
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Welghted average of standard deviation for vpaternal

half-s3ib correlation is

/ 1 - .0301
/T | ¥ T

v/ (.0383)2  (.109)2 (.0542)2

The general formula for the welghted average of regres-

sion and correlation is

2 £24) 2,53

1= 1 Si or 1i=i

n 1 n 1,
= = 2
i=1 oi i=1 1

Weighted average of intra-sire regression of daughter

on dam 1is

L0862 4 .2111 ¢+ .2397

(. 0728)2( 078)2;( 1u57)2 = .1551
73

Jelghted sverage of intra-sire correlation of dam and

daughter 1is

2431 4 .071 + L1937

(.087)2 (.0598)2 (.115)2 = .1367
I+ 1 ¥ T
(.0B87)2 T.0598)2 T.115)2

Jeighted average of Faternal half-sit correlation is

0547 4+ .1573 4+ .0564

(.0382)2 (.0750)2 (.0542)2 = .0630
1 3 1 + 1

(.0283)2 (.0750)2 (.0842)2




Table 6a - A Summary
tion Coe

6l

of’ the Kegression and Correla-
fficient of the Three Herds

Paternal Intra-sire Intra-sire

half-s1b regression of correlation of
Ferd correlation daughter on dam dam and daughter
Traverse .055 & .,038 .086 + .073 071 ¢ .060
Reformatory .056 + .05y .211 + .078 243 + . 087
Ionia .157 + .109 .2L40 + .145 .194 t .115
Average .063 + .030 .155 + .050 137 4+ .045

Table 6b - A Summary

of Estimation of Heritabillity

Paternal lntra-sire Intra-sire
half-silb regression of correlation of
Ferd correlation daughter on dam dam and daughter
Fraverse .22 ¢ .15 .17 + .15 14 4 .12
Feformatory .23 & .22 L2 & .16 4o ¢+ .17
Ionisa .63 ¢ .30 48 & .29 .39 ¢+ .23
Average .25 & .12 .31 ¢ .10 .27 + .09

Ry looking at Table 6
averages of the three herd
daurhter on dam had the hil
variabilicty, and that the
tion had the intermediate
while the half-sib method

highest variability. ror

a and 6b, we find trat among the
s, the intra-sire regression of
ghest value and the lntermediate
intra-sire daughter-dam correla-
value, and the lowest variabililty,
was lowest heritability wlith the

this set of data, 1t is believed
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The above grarh is made for the averagr of the ianghters based
on the daughters' production 1A ‘he three herds, and for the aversge
of the dams based on the dams' production of the three herdr}
the regression is based on the equation, Y = 469 - b (X - 480)
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that the average of the intra-sire regression coefficients
is the most reliasbtle estimate of heritability. +T[he reason

for this will be given in the discussion.

Conversion of Regression Coefficient of the Average
of the hLecords o?_g Cow into the Value for Single FRecords:

For the comnarison of this heritability value, which
was derived by using the l1life time average of butterfat
nroduction, with others, it 1s desiratle to exnress the re-
rression coefficient b of the total records of each cow
in terms of what trey would be 1f each cow had only one
record. The calculation follows the formula which was

~iven by Lush (19L42).

b = br( 1 - (m-1)rdd & om (l-rdd))

N

m m3

“here b equals the regression of daughter on dam when single
lectatlion records c¢f each are used, b' equals the regres-
sion when 1life time averages are used and m equals thre
average of the number of dam's records durlng life time.

rgqq is the reveatability value. 0m is the variance of the

number of records of each dam of trhe three herds

(1) (3) (2)
.15’;1 ( 1 - (3098"')03u — ':1056 (10-03)4)

3.98 (3.98)3

b

.0853

h2s .0P53 x 2 = .17
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(1) n)} X3 # np%p # -.-.mFy 502 + oLl 4 437
n, - n, % ...n - k 120 ¢ 280 4+ 73 = 3.98
X = the average number of records of each dam of a

certain herd

n = the number of dam-daughter vnairs of a certain herd

(2)
Az nys§ & nps5 4....nisf _ 530.4 4 1080.€8 + L30.7 =), .55
=1, ¢4 n, + ....n- k 120 + 280 %+ 73 - 3
1 2 k
52 = the variance of tlhe number ot records of each dam
for a certain herd
(3)

rqq = .34, the remeatability

lre nffect of Yearly Eknvironmental Changes on Eutterfat
Froauction

The factors which account for this effect such &s crovs,
economlics, and climate, all have &8 direct or indirect ef-
fect on tre butterfat nroduction of dairy cattle. Je were
not interested in the factors, but rather in thelr results,
ané¢ whether there was any significant difference between
vearlyv averages, or whether any trends existed among the con-
secutive years, and what vortion of trhe variation 1n the
butterfat records was due to tre differences between years.
Trese were the main purmoses of this analysis.

''he mcethod used ftor this study was the unegual sub-
cless numbter analysis of variance given by Snedecor (1G46).

[rere were no records from 1634 to 1936 in the iraverse City

herd, thus eleminating those three years from the analysis

for that trerd.
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The average yearly butterfat production figures for
each of the three herds are given in Table 7a. These
figures 1n graphic form are shown in Figure 3.

Tatles 7b and 7c¢ indicate that trere was a highly signi-
ficsnt difference between different vears for butterfat
~rcduction either fcr a single herd or after combinling the
three herds. Fowever, there was noc indication that the
averages of the late years were higher than the averages of
the earlier years. The vortion of the intra-herd variance
which was accounted for by differences between yeears was
close to flilve per cent.

For the trend analysis, there were several methods
availatle, but some of them required tedious calculastions.
ire method used here was a kind of test of randomness of
sequences, the so called "runs" simplified by Foel (1948).
I’'hre average prcduction for each year for each herd and the
trh.ree herds togcether were assigned the letter a if they
were less tran the median and trhe letter t, if trhey were
creater than tre medlan. The four sets of averages gave rise

to the followling sets of arrangements.




Tacle 7a - A List of Yeer

averages cf butterfat Prcduction

Iraverse City keformatory lonia Total
Number of NYumber of Number of Number of
Year records Averages records Averages records Averages records Averages
1930 35 421.25 12 71.50 9 S45.uY 56 }}51.98
1931 L5 lea.12 10 20 . 52 10 563.70 (N L66.67
1632 63 Ll7.88 27 562.67 17 591.47 107 4,99.66
1933 22 L45.1€ 27 539.30 18 565.72 77 506.26
163 _ 36 539.25 19 527.37 55 535,14
1935 _ 25 465.3€ 18 573.83 43 510.77
1936 34 L473.29 31 598.45 65 532.98
1937 T [[20.7¢ L0 L73.27 29 553.58 119 70,78
193¢ 82 };31.89 29 461.07 30 536.37 11l 460,12
1939 €3 1,39.01 3 [}92.26 35 580.51 146 516.86
1940 el hije.12 27 L79.LL 30 592,80 141 81,23
1941 79 162.75 26 538,62 29 600.21 134 507.22
1942 91 426,83 275 522.0L 35 573.91 153 L77.29
1943 75 LL2.36 29 192,76 36 516.22 140 471.79
1951 86 469,82 39 507.59 32 Shly.L7 157 Lol .42
1945 93 L2h .03 34 449.09 26 543.35 153 L67. 30
1946 69 L52.86 2l 508,58 17 578.35 110 L8L .41
Av. T71.b2 LL1.7€6 29 £01.92  2L.76 56L4.11  110.65  L8L.91

89
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Table 7b - Analysis of Variance of Year Effect on
Butterfat Froduction of Fkach Herd

Source of Degree of 3Sum of Mean
Herd varlance freedom squares sqguares Iy
'raverse Total 966 4935052
Retween vears 13 191693 1L746 2 .96503
Within years 953 L743359 LoT77
Keformatory Tlotal L9o2 3673279
Between years 16 28L122 25650 3. T3
Witkin years LE6 326288l 6855
Ionia Total L20 3690632
Petween years 16 28h122 17758 2,113
Within years Loy 3406510 8l.32

Table 7c - Analysis of Variance of Year Effect on
Futterfat Froduction of Three Herds

Degree of

Source freedom Sum of squares Mean squares F
Total 1880 16882308 &EQEO

Fetween herds 2 L583345 2291672
within herds 1€78 12298923 6549

Fetween vears 45 6210 19694 2. 163e3e
Within years 1833 11412713 6226

Fortion of intra-herd variance due to difference between years

6549

Fortion of total varliance due to difference tetween years

P90 - 6226 = 3.7%
€960
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Traverse Cilty Herd,

Averages - L4211, LL49, uL45,421, 432, 439, LL42, L63, L27,
Ly2, 469, 434, L53.

Median - 4;0.
Sequence of letters - aatbaaatbatbab.
Reformatory HKerd,

Averages - L72, 505, 562, G539, 5§39, }j65,
)492! h?g, 539’ 522’ u93’ 508’

Median - 493

473, Le1,

NFo
o=
N AW
¢ v

Sequence of letters - abttbtassassaatbbbab.

Ionia Herd,
Averages - 5%5, cél,, 591, 566, 527, 574, 59&, ©5L, 536,
C‘ﬁl: ;931 600, ;724—, 516’ 5')414»: tu, ;70

Median - G566
Sequence of letters - asatbtabbsabbbbasasab.

[otal averages - 52, L€é7, 500, 506, 535, 511, 533, ﬁ L€0,

71,
517, L&1, 507, L77, L72, LoL, L67, LEL.
edian - LF1.

Jegquence of letters - aatbctbaattbtbaabas.

xrlanation of symtcls,

ng = the number of a's
np = the number of b's
r, - the numter otf runs of a's

ry, = the number of runs of b's

r'or Traverse Clty Ferd:

L,

ng = 7, np = 7, rq = L, ry
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u = 8gl)non-significant

"or heformatory Herd:
n,6 = 8, np = 9, re = 3, r, = 3,
u = 6. (l)non-significant

“or lonia Ferd:
ng = 8, np = 9, rq = L, ro = L,

u g, (1) non-significant

For Total Averarges:

na = 8‘ 9 nb - 9 » ra - L“ L rb - 3 »
u = 7. (l)non-significant
By inspecting the latle (1), one sees the u values

were all within the v(u_,pg) and p(u,9g), although the
lonia herd was close to the signitficant value of u gge it
was concluded, then, that the tutterfat vroduction had no
vear trend for eltrer a single herd or the total of the

three herds.

(1) "he tatle for the test of runs is built up according to
the formula:

r (Ya, To) = k {a-1)
(Ta-1)

(Pp-1) 1 Mat
(yg- Ta) ! ( fb-

ee | o=

Ng= nNp 10 15 20 25 3C 4O 50 60 70 80 90 100

U085 2 €& 11 15 19 24 23 L2 51 60 70 79 &8

.95 € 15 20 26 32 37 46 59 70 &1 91 102 113
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In the foregoing table, u, o5 and u gg are the largest
and smallest integers, respectively, such that p[usu.osjﬁo.OS
and n[usu.gg]ZLO.gS. These values may .herefore be used as
5% critical values for testing whether u 1s unusually small
or large. Only the values of u_pg and u_gg for ng (znp)
from 5§ to 100 are listed in the atove tatle, according to
Foel (1948).

Effect of the Month of Calving on Butterfat Production

The influence of the month of calving on the total
cutterfat yield 1is a subject of considerable interest to
herdsman and extension workers. Information on this subject
would be helrful to a herdsman in deciding at what time of the
vear it 1s test to have his cows calve in order to take
advantage of market needs and tavorable oprices of milk and
feeds. In the meantime, the research man also is Interested
in finding out how larce & vmortion of tiie total varisestion
is that due to difference 1In month of freskrening.

The same set of records used for the study of year
effect was used for the study of the effect of month of calv-
ing on butterfat rroduction. Thus, one grouv of lactation
records revnresented all che cows that had calved in January,
another groun of records revresented all the cows that had

calved iIn February, and so on for each of the twelve calendar

months.

Tatrle a shows the number of cows that calved in each

calendar montr, and the aversre btutterfat oroduction for

‘
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that month for each herd and for the total of the three herds.
In this Tatle, the Traverse City herd and Keformatory herd
show the highest butterfat production for the cows calving

in “arch, and the lowest 1n August, while the lonia herd
shows the highest butterfat production in January and the
lowest in October. The average ot the three herds shows that
cows fresheninge in June and Augsust had the lowest butterfat
nroduction and those freshening in Varch had the highest
nroduction. The results of the three herds are similar to
the results obtained by rrick et. al., (1947) and Woodward
(1945).

As faras tne averag~ tutierfatyield of the three herds for
different months of calving i1s concerned, i1t 1is obvious that
there were two meaks; the highest one in March, and the
other 1n 3entember. The sudden rise iIn July was mainly due
to the high average of tre Feformatory herd, and in tltis
case, misht be considered as a samvlin: error. As the curve
is smoothed, it shows a gradaal rise from January until early
soring;then 1t droos in the summer and rises again until
early fall, when 1t drops slowly until January.

I'ables €b and 8c show that the month effect on butterfat
rroduction was significant at the 5%, 1% level for the
Eraverse City herd, the lIonia herd and the sum of the three
rkerds, resvectively. 71lhe Leformatory herd showed a non-
sirFnificant difference for month of calving. As this herd

1s located near the Ionia herd, the natural environment should




lable fa - verare Futterfat :roauccion of Cows rreshening In Different ¥onths

Iraverse City Leformatory Ionia fotal
No. of No. of No. of No. of
Month recorcs Average records Average records Average records Average
January 83 435 49 5ol 32 620 164 492
Fetruary 71 433 38 519 2l 597 133 L87
March Sl 163 L1 522 L2 570 137 514
Anpil 77 L8 38 50l 3 565 16 L 87
May 02 nan 28 Log L1 SN 161 479
June 82 431 28 L79 20 576 130 N
July 96 430 55 505 45 col 196 182
August 81 Ll 39 479 39 525 159 462
Sentember 65 Li56 L7 1,82 19 570 161 498
October 100 Li49 L3 509 28 519 173 1,87
November 72 LS3 42 504 36 562 150 Lol
December ol L5 45 511 3L 571 173 L87
Average 80.58 b2 41.16 502 35.08 56l 156.75 L85

e
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Table 8b - inalysis c¢f Varliance of Butterfat Production
of Month Difference for kach Herd

Source of Degree of Sum of Mean

Herd variance freedom sguares squares 3

Traverse Total 966 4935052 £109
Between months 11 114473 10407 2.06s¢
Within month 955 4820579 sou 8

keformatory Total o3 3673279
Fetween months 11 92241 8386 1.13
Within month 82 2581038 7430

ionia Total L20 3690632
RPetween months 11 266199 34300 2.90s¢
Within month L,09 324433 373

Tabtle B¢ - Analysis of Variance of TFutterfat Froduction

ol rmech Month for the l|hree Ferds

Degree of

Source freedom Sum cf sguares Mean squares I
Total 1EE0 166882306
Petween herds 2 L583345 2291672
'ithin herds 1878 129€923 65L9
Eetween months 33 L4L72913 14331 2.2L3%
Within month 1845 11826010 6410

Tortion of intra-trerd varisnce cue to month effect,

6549 - 6410 = 2.127
6549

fortion of totel variance due to month effect,

8980 - €410 = 1.57%
[aistaie]

57 significent level for tre difference of month aversage of
the three herds is

t.oc( / il - iz ) = .033 x 80.€ x 1.9599 = £.21
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not be too different. Therefore, this smaller variation
was 1llkely the result of more constant management throuzh-
sut the whole year, or sampling errors,

According to the level of difference needed for sige-
niflcance between averages of the three herds, the average
for march was alffe-ent from the averages of any month.
The-efore, there 1s no doubt thnat March was the peak amony
£l nmonths c¢f the year., The onlyv pecullarity of the results
is that the aver=mre of July wazg signiliicantly hlgher than
oot June and Aucgust, Fowover, tris was tiuve only for the
refecrmatory herd and tne averacre of tire taree herds. The
nrrduction of cows calvirns In July ‘or the other two neras
w.s In 1line with the tne June :ni Au ust calvir s, Therefore,
the hipher sasverz;e o»ro<ductio-»r {or July celvers for the thnree
herda resulted fron the exiceedingy M1t ~h production of the
reiorvatorw cowsd calvings In July. Thi=s nhigh proaouction ror
tliece cows mgy have teen the rcsult of certain management
~ractices thnat commenrsated for tne usual alverse conditions

for cows calving In thnat month,

Fffecect of Coalving Interval on Futterfat Production

The calvin~- intervel 1s the veriod vetween two suceed-
Ing calvings of the same cow. 1t 1s hiwunly correlated
vith the lengtihi of the ~rv reriod, The <cry period or
calvins interval has becn “novn tc heve sn e fect »n the
mill yleld owr butterfat —»rolduction of tie same lectat®on.
i'me snhorter the ilnterval oFf celving, the lonrTer the cow
Carvies the calf during tue lactatlion. The longer the

interval, the snorter the perfod of time the c-w carries
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the calf during lactation, and it also usually results in a
longer lactatlon. In addition, it is believed the interwveal
of calving influences the next lactation. With a longer
calving interval the cow has more time to recover, and btuild
uo her system for tre next lactaton and for the growth of
the fetus during the later rart of pregnancy. Therefore,
the effect of the calving interval on tutterfat rroduction
was broken into two varts; one was tre effect on tre btutter-
fgt mrroduction of the same lactation, and the other was on
trfe following lactation.

Trhe gquestion cften arises as to how freguently a cow
st-ould calve so ttat rer milk or tutterfat production over
g lcng reriod may be 8t a maximum. it 1s commcn knowledge
<¥Yat too frecaent celving, and too short neriods of rest
(which, in vractice, &are closely related), undermine the
cow's constitution, and in some cases, recuce her yield to
a muct lower mlane. Alfter tre ortimum intervel 1s determined,
the second question one may ask 1is how imrortant it is on
the totel variatlon of ovroduction. If it is not a very
influential fector, we may choose to ignore 1t in order to
simrl1ify the herd management. I'hre main opurnose of study in
~rils section is to attemrt to answer these questions.

l. Analysis of wvffect of Celvins Interv
crn futcerfec “rocduction

]

1

:Ye records used for the asnalysis ircluced 211 tlre

N

vellarle recordés ur to 1%9L6. Lecorcs without tre date of
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freshening, and calving Intervel beyond 519 days were dis-
cerded. The days of each month were ccunted as 3C.5 deys
excert retruary, which was counrted as 2& days. I'he ran~—e 1in
lencch of intervals was from 200 desys to 519 days. Ihis
rarifre wes divided into eleven classes, ~ach class had a 20-
day interval. the distritution of tlie records and the aver-
ace for each interval are listed in che following tatle:
farle ©a - Distritution of hecords and the Averagce

Butterfat Frcduction for Different Calving
Intervals of Same Lactation

Traverse Feformatory lonisa Total

Ng. of No. of No. of No. of
Interval recoréds Av. records Av, reccrds Av. records Av,.
3CC-219 16 hie 7 LSE 5 Lee 28 L37
220=-230 £P L2l 12 Loz 1€ 516 96 LL7
2L0-259 Q¢ L22 17 Les 21 29  1L4L LLS
>60=-279 SN LLE 56 L& 50 =52 2GCO LE&S
ZfC-2cc 67 S €1 11 L1 €z 169 510
LLG=L10 LC LeR & 503 LS 6GC7 121 526
L2C=4L29 3 Lea 19 LEL 2l 560 €3 509
Lhc-Le 22 Lé6 1€ 572 1€ 573 56 531
LE0=L709 20 L31 10 530 12 S5hL L2 490
LEc-L99 17 LE1 11 sue 11 clyo LS 521

Coco-g10 22 Lol 31 526 24 €92 77 £37
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Figure S - Distribution of Records in Previous
Calving Interval
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Table 9b~+~- Distribution of Records and the Average
mutterfat Productlion for Different Calving
Intervals of Next Lactation

witgpree . pefomparons o jgue e
Interval records Av. records Av. records Av. records Av.
300-219 16 415 7 L70 6 507 29 L7
320-339 68 Lic 12 LeL 16 523 96 L0
3,,0-359 95 L38 17 L7831 553 143 L68
360-379 93 L 3L 56 503 51 540 200 L, 80
280-399 6€ 454 61 Lol Lo 56l 169 Loy
4 00-419 L1 Lyl L5 L8O 45 606 131 512
Lli20-439 L2 LS5 19 503 21 5€0 82 Lot
LU O-L59 23 41 20 523 15 553 58 L9E&
L60=-479 20 397 10 513 12 567 L2 L73
LLRO=-);99 16 L62 11 457 17 572 Ll 503
£00-519 22 Lé66 31 520 2k 591 T7 527

As rar as tre distribtution of %“Y.e records was concerned,
tre hichest frequency was in tre interval of 360-379 days
for both Takles 9a and 9b, exce~t for tre I'raverse City herd
which had the higrest frequency in tte interval of 3,0-
389 daevs. Adding the tkree herds resulted in the highest
concentration of records falling in the interval of 360-379
davs, which 1s about one full year. Ey looking &t the
average tutterfat rrccduction of esch interval, we find a

reneral trend for tlhe longer the interval tre higher the rro-

duction, although there are some sudden drors in tlre




€o

3:rferent intervsasls of eaclt herd. ~otr Taktles Qs and ©€b
srcw & conststiant increase in oroduction frer tre 3C0-31©C
daev intervel tc <te 2WO3ICC dey interval faor escr rerd and
e *czel, Yuit tre elcrrezory herd &..¢ the total orf ctlre

- ree rerds in l[atle C¥ ngve scme dillererce in order. inis
~ives Jlr—~ e.icerce trat cows ravins calives witlq less tlren

& Yeer intervel zTenc tTo vroiuce less. tre iraverse C1ity
rad s&tcat 257 of its records rslling in trhe interval
Zrc~ 2CC tc 325G deys, while tre reformaztory herd an: Ionila
reri »ave orlyv 187 andé 197 of =zreir records relling in trsat
irntervel. Tr¥i1s mev te one fectcr which Tulled deown tre vrrc-
“aczticon cf tre Traverse Ticty Frerd.

“etle Cc - fnalvrsis of Variasnce cf Fffect of Telving

Interval on “utterfet “rocdurction cof Zarme
Iactation

Socurce ol . erree oI Sum of ean
Yewrg varisarnce ‘reedom sguares SsSgueres h
.Teverse Tctal =CL 20 R2F1€ 27F1a
T=ztvieern
intervel 1o 25 t1tE 2681e Xl

ithin

. intervel Ll 2164L4E32C y3te
zicr-atcry Ictal 287 2L0aclé
Tetwsen
tntervel iC co2u7€ 2CQ2CE 2.9E5s
altrin
interval 277 18o7 € &E80
iortis .ctal 277 21=72L°%

“etween
interval 1C QT7ELThL 76l 22.08%x

“ithin
interval 2ET 1180771 LL11
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Table 9d - Analysis of Variance of Ekffect of Calving
Interval on Butterfat I'roduction of the
Following Lactation

Source of Degree of Sum of Mean
Ferd variance freedom squares squares F
I'raverse Total 503 26EEeR1
Between Interval 10 152491 15249 3.08::¢
within Interval 493 236390 Lou2
“eformetory Total 28g 247978
"etween Interval 10 c3174L 317 .61
Nithin Interval 278 2L 2€110C e727
ionla Total 277 2699F
Fetween Interval 10 1&934L, 18923 2.01=%
Witrkin Interval 267 2510710 9L 02

Ifatle Se - 4Analysis of Variwnce of trect of Calving
Intervzl on Tutterfat Froduction for the
I'rree Ferds

Source of Degree of 3Sum of Mean
Lactation variance freedom sguares squares P
In the same Total 1070 93147L9
fnterval Fetween herds 2 160517
~ithin rerds 106¢ 915222 571
Fetween lnterval 30 1466740 LEB91 6.60s:%
Within interval 1028 7E87L492 7406
“ollcwing the [lotal 107C 10684297
last inter- Petween herds 2 2915783
val 7ithin kerds 1068 7768509 7272
~etween inter-
val 20 39),099 13167 1.PGx:

Within interval 103& 737310 7103
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Calculations of vortion of intra-herd variance due to calv-

Ine interval effect on the butterfat production of ttre three

rerds,

ror lectation following the last interval,

2 2
0—4 Ko”-(interval) = 13166.45, where ¥o

2
0(interval) = 1fc,EE

2
f(in:ggyal) - 1F9.f8 = 2.6
0° + O{in-ervsl) 7293.LT

tre same calving Intervel,

2
0+ %.0 (interval) = 4F891, where Kg

2
g =
k5
U(i“terval) = 129G.4
a_l
(:nterYaL; = 1299.£5 = 1,4.937
0° ¢ Otincerval) £705.45
“ne mur-cese of lastles 93 and Qe was to

effect cf tre calving interval or tutterfat

was statistically sicnificant. Tr.e resualts

31.92 accordinge

to formulae (6)
7102.6
21.92
7406
find wrether thre

fat nroduction

srown in tre

trree tatbtles atove sre highly significant for toth the calv-
nr interval effect on tre same &snd next lactation cf each

I =Tre trree rercs and treir tctal, aslthcurh the relformatcry
~r¢ Icr zThe efll'ect of calving irterval on the next lactation
Larr: can rorn-zirfnificenct. Zlnce tre results calculatec

Ircr Tre trree Yeras crow Tre elfect te te higrhly significant,

tre non-sisznifificance of tre letter

o
—~
o~ 4
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is tre small samnle size., As the size of the samrle in-
creases, the F value may Lbe exrected to be significant.

The other rurvose of the analysis in the foregoing
teakles was to ind what nortion of tre total variance was
due to calving interval effect and to comrare the calving
interval effect on the same lactation anu next lactation 1in
an attemnt tc discover which was more important. I'ne re-
salts indicate trat the former 1is 14.97 and the latter is
2.6, lhe calvings interval arnarenctly aeffected tre same
lactation five times more than 1t affected the next lacta-
zion. Iincidentally, this will give survort for the regula-
tion of t<re Volstein-rriesian breed assoclation which re-
saires a certain calf-carryineg rericé for tre 10 month vro-
duction record reeistration (Advenced Feglstry).

Tatle Af gives tre levels of significant differences
retween averarges of ~rcaiactlion of esact lnterval, excent Ior

tre eiffect cf

¢t

Yo celving interveael or, thte next lectaticon

v
1

fzcr -hhe eformatory herd which was lef't out becesuise of che
non-sismiricant ¢ valaue. threse values can serve as & rase
I'¢r co~—arinc tre cutterfeat nroduction or any two daifferent

c

§1

ivin~ intervals.

. regression of rutterrat Frcduction on Calving
Interveal

“ince most of tre asverages ol tutterfat rroducticn for

(BN
pole
)
N
=
[t
3
ct

intervels are sisnificantly different Irom one




latle 9f - 57 Sipniticant Level of Difference for the Averages of
Froduction of Different Calving Intervals

lffect of calving interval Effect of calving interval
on the same lactation on the next lactation

t a7 (ff]—I b1 tos ¢ o5 0 ('}l—- b= )t,05
Ferd .05 ny " mp ' n] mp '
Traverse 1.966 £6.19 g.22 1.966 7029 .73
Ioria 1.973  66.49 11.2¢8 1.973  9¢€.90 13.89
heformatory 1.073 €2.7¢ 13.72 1.973  93.40
Total 1.962 ££.03 7.04 1.962 6L.27 7.19

In the arove tatle,

7

n1

/mean square in within term

ny = derree of freedom In within term of Tables 9c¢ and 9e.

19
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anocrer and increases 1n length of interval were assoclilated
Wwitr increases 11 oroduccvion according to iacrle 9a and

iable 9b, & regression coefficlent of »nroauction on length
ot calving 1ncer§a1 was comouted. For tre heformatory

herd, even trough the effect of calving interval on tre next
lactation was non-significant, there was a trend for longer
intervals to result in higher nrocuction. TIhrerefore there

was no reazson to omit tre calculeation of regression for this

rerd. Tecause tris trerd wags ncede? Jor 2V s T oo o of
O A -, &filon of ttre trree hercds, tre computation
ct resression of tatterfet rroducticn on vrevicus celvinege
intervel for thils herd was still carried out. I'ris com-

~utation can also serve wss & daoubkle creck of the non-signi-

ificent resalt as in latrle Gf.

Talculetion of firiar e.ression

LJre avera e rroc c.i.om L'ur ecel lroervesl was mlotted
(rir. & andé 9). i'tre rlct srows some likelihood of
lirearitye.

e formule used for cslculetine t*e regressicn coeffi-
cient r'or each rercd is cCtre route egquation according to
formula (L) on Fage 32. Pv using the covariance method

e ~2crbined 1 ress

joe

on cc 'fieci-rt tfcr tvre -—‘rree rYerds +es
obteirned and rerd difference effect waes eliminated. X, che
inderendent veriabtle, renresented tre irtervel 1in days, Y,

ttYe derencdent veristle, rerresentea thre btutterfet »roduc-




ticn. To save tedious celculetions, the average of each

~lass for the calving 1nterval was used for all the X

£é6

values of that class. 1re calculation of regression coeffi-

cient, b, of btutterfat nroduction on same calving intervsal

of I'raverse City herd is 1llustrated as follows, and omit-

ted for the other herds.
X = 195650
2 X2 = 1537600 4 T7L0S200 4ececod E7222000 = 77113700

(£X)2 = 38278922500 = 7S5799RLE
n 506

SY = 102690100
EXY = 8E0099120
SXEY a EB7ECCOEO

n

b = ££099120 - E76C0060 = .2E&
77112700 - 75799€L6

fatle 9g - Calculation o! tre Comtined kegressiocon
Toefficient for trhe Trree Eerds

Sum of sguares

Degree of

scurce freedom x? xXy_ yzv
Totsl 1C7C 2979€&99 1L 6353 9314749
“etween herds 2 109135 LSPLETL 260557C

vitr¥ir rerds 1CEE 28707€L 1C05072 6709179
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Table 9h - Observed Regression Coefficlent of Butter-
fat Production on Calving Interval

Regrcssion of butterfat Regression of butterfat

production on the same production on the pre-

calving Iintervel vious calving interval
Herd bl b2
Traverse « 28 .16
I eformatory 36 o1l
Ionla 29 «31
Total 35 «20

Table 9h indicaetes 3 1s lsrger than by for each herd
&na tlzelr total, excest in the Ionla herd where bp is little
lareser than by, The quantity b] has the lergest value for
tre Traverse Clts herl, and b2 has the lowest value in the
Neformatory herd, Ior the total, bl s about 1,76 times
leorrer trmsn Lp . These results arree with the above analysis
of varlauce, In thes~- herds esch a:ditional day in length of
calving interval resulted, on the averare, in an increase of
sroroximately cne-third of o pevnd of vputterfat for that
lsctation and one«fifth of a r>und for tl:e next lactation,

Tatle 91 Indicates all the regressions were nlighly
steoenificant except for the regression of the succeedlng
lactation of the Fef ormatorv herd, which t1e non-significant,

The results also 2gzvrce with the foreroinyg analysis,




Tatle 91 -

fest of Significance of Fkegression of

ee

Futterfat Production on Calving Interval

"Degree of Sum of Mean
Ferd Source freedom sgquares wquares F
on same Traverse Total S04 2L G2E18
calving Due to
interval regression 1 169565 1E9565 ;2.1 3%
Residual 503 22¢3253 4499
Leformatory Total 2E7 2099516
Due to
recression 1 g&706 9870&E 1l 113
liesidual 286 2000&06 €996
ionis total 277 2157245
Tue to
regression 1 67586 £7586 € .9 333
kesidual 276 2089659 7571
Three herds T'otal 1071 931474L9
Due to
regression 1 351882 351882 }1.97:es¢
Fesidual 1069 2089659 &£586
2n rrevious Traverse lotal =02 2REEEL]
calving Zue to
‘rterval regression 1 26292 26292 6 . 9l3=3
Cesicdusgl 5C2 25525€9 c0&7
Feforratory Total 2E8 2L.7978L
—ue to
recression 1 15L 36 154,36 1.60
~esicual 2&7 2LEL RLLE HEEE
ioniea lotal 277 26598 LY
—ue to
regression 1 7720 3 77243 & .1 33
Fesidual 27¢€ 262601 9502
irree herds soteal 1C7C 1CEEL 297
~ue to
recression 1 113623 113622 11.49:%
Fesidual 1069 10570674 QELE
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Test of Linesarity

uite a few investigcators who studied the effect of the
dry neriod or calving interval on milk or tutterfat nroduc-
tion concluded trat the celving incterval had no further ef-
fect when it exceeded a year 1in lengthr. Moreover, Some
statistical gnalysis sthowed a slight decrease in rroduction
i1f tre calving interval was too lone. rrom the vhyvsiclogl-
cal ~oint of view, there skrould nct te tco much effect
from exceedingly long calving intervals. ror trese reasons,
~re writer 'ras guite douvtful whetrer tre relatlcnstirn be-
tveen tre celving interval asnd tutterfat rrocuction was

in

ar. (. zest c¢if linearity has been develcvred. It 1s tbtasea

m

cr .he metrcdé iliustrated by Lindguist (19,4C0). 1he resualcs

were £l nificent I'cr tre eftfect otf' calving incerval on cutter-

fet »rciuction toth lor cre sare or trhe succeecing lactation

~ericc.
.atrle 3 - _est of Linesgrit; ot lersression ctf Eutterfset
rrocuction on Z&lvine Intervel of Same
Lactaticon
Degree of Sum of “ean
freedom scuares sguares
“etweerni intervsals 10 1L66740
“itrin interval 1.G6E T7T€EETLO2 T266€

¥ 2 ~ 2 2
e o linesr regressicn (5%1) - (10050/4)

£ x2 287076l

3E1RE2




90

Tabtle 93 - Continued
Degree of Sum of Mean
freedom squares sguares
Fetween intervals 10 1466740
Tue to linear
regression 1 351882
Cue to derarture
from linearity 9 114 E5E 123873

o= 123873

T266

Tarle 9k -

= 17.063% for 9 and 1C5& degree of freedom

l'est of Linearity of hegression of Putter-
fat Froduction on Celving Interval of
Frevious Lactaticn

Degree of Sum of Mean
I'reedom scuares sguares
Fetween intervals 10 395,999
Aithin intervals 1056¢€ 7373510 7103
Duae to regression = (va)2 = (G?luOh)z = 113623
Ex T 5
Dercree ol Sum of Mean
reedom squares sqguares
Tetween intervals 10 39,4699
oue to Linear
re~ression 1 113622
e to dervarture
from linearity 9 281376 3126l

™ - 3126 -
715% -

L.LOwsr for 9 ana 1056 degree of freedom

‘
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Z“alculation of Non-linear hegression

The results of testing of linearity 1n Tatles 9 and
Ok show that trhe regression of butterfat ovroductcion on calv-
ins interval dervarted significently from linesrity in both
cases. Therefore, the asta were re-examined and different
~etkhods of rlotting were tried. fhe rlots msde on semi-
lor marcr were closer to a vmarabvola than eltrer non-log-
eritrrm rlottinge or asoutlie logaritrhm -lottineg. the vlotting
is skown on #Fig. & and Fig. 7. Eased on tris vlctting, a

curvalinear eguation was set un &s follows:
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= gbCx + dx?

y = \1)
log y = log a + (ex = dx2)loz b
log y = log a 4 ¢ log bx + 4 lo,; bx?
log y = A ¢ Bx 4 Cx<
y = 10A+Bx+Cx< (11)

’'he normal eruations are formed as follows,
~a + Bsx + Cix2 = log y
2XA ¢+ Bix< + U5k = $x Log y
$x2A + Bix®? 4+ Cix4 = £x~log y
‘aszd o»n the normal e .uations, the regr:ssion ecuations for

butterfat production on the same calving intsrval were
y = 102.52325 ¢+ .00121x + .. UC0 . 7x< (111,

y = 10<-64121 + L0790 . uU00023x7 (1v)

(1)
The calculations are listed pe:iow:

1C71A + 943208 4 1128640 C = 22C4.227L8
94320A 4 11286L00B 4 1618272000C = 25 -306.12

11286400A + 1n122720008 + 590264000008 = 30.29225.75

~impliry the zbov< ecuations as follows,
A + 22,0.67220B + 10532.138609C = .07 _u<l (1,
A ¢ 119.5R561035 @« 17157.<517%020 = 2,706807 (2)

A ¢ 100.2824788 4 =500R.7393317 71382« (%)




(3) - (2)
23,696370B 4+ 5851,537423C = ,007013
5implify ecuations (4) and (5),
B 4 209.338942C = .0004.6
2§ 246.933125C = .000296
(7) - (6
37.5991938 = -.000140
C = -.00000372

substitute C in (6/,

B ~ 00077874 = .00C4LL6
5 =T ,001<147

Sutstitute C in (7)
2 - ,000y1851 = 000290

B = 00012140
Zuns-witute = ani C in (1),

A ¢ 10567752 - 0392021 = 2,693023

Suostitute 5 arnd C in ()

A ¢ 1741657 - 0755627 = 2,71:822

AT Z2.2252%

. e 12002525 = .00121x - .0CO00.7x<
..y—...O

)

The calculations are lisici b=liow:

1071A ¢ 94xn0B ¢ 117720038 = 2877.220685

93

(5)

(6,
(7)
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9L260A + 11277200B + 1616136000C = 254156.4104L0
11277200A + 1616136000B + 259195040000C = 30466.70400

S5implify the above eacuations as follows,

A + 88,01120B + 10529.59850C = 2.63649 (1)
A ¢ 119.53930B 4 17145.51241C = 2.696,3 (2)
A ¢ 143.31004B ¢ 22983.98893C = 2,70160 (3)
(2) - (1)
31.62810E + 6015.91391C = ,Luy3L (L)
(2, - (2)
23.67074B 4 583:°,.7652C = .005.7 (5
keduce eauations (4) znd (5,
B ¢ 209.178:5C = ,00C311 (6)
B ¢ .46.55374C = ,000Z«3 (7)

(7; = (&)
C = =~,000 0:3

snstitut= C in (6,

B = ,0U048111 = .0LO:11

3 = ,00079711
~ubstitu®e T in (7,,

5 - 00,0730 = ,000..23

2 = ,00GC7903
~wbs . izute  2nd C in (1,,
Ak L6277 2,30 - L0 4218807655 = <. 0264Y

= 2, Ll21
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Substitute B and C in (2),
A ¥ 094515470 = 0594340785 = 2,69633
A = 2,04121

oubstitute B and ¢ ia (3,
A ¢ 21132149316 - ,052831745 = _.70CL00
A = ..6412]1

) 2. 041c 7 o Yae L
.y = 10°%-54121 4 .00079x 4 ,000007~3x
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According to equat - ons (3) and (4), trhe predicted
tutterfat nroduction y for diff'erent intervals was worked

ocut and entered 1n Tatle QL.

Table 9L - Calculated Values of Futterfat Froduction
for Different Intervals

Futterfat Froduction

Interval of' same lactation of next lactatlon
300-319 L22.0 L37.7
220-239 Ll .0 453.0
2L 0-3%39 L65.0 L66.E
260-379 LE3.6 L479.0
2856-3299 499.3 LEg. L
! C0=-119 512.C 497.9
' 20-430 521.4 50L .S
L4 C=-1159 527.3 509.0
LEO-479 526 .8 €11.)
hEe0-199 c28.6 511.6
“0C-519 c23.9 509.6

Two gravmvhs were constructed accordinge to the values of
the observed values and calculated values. For tre vnurrnose
of commarison, the lines for linear regression were also
sdded on the same goranhs. i1t 1s clearly evident that the
curvi-linear regressicn of rcutterfat ~ro“uction on the calv-
ine interval was much closer to tlhe observed values than the
linear regression. therefore, the comrarison ol' the error
of estimate l1s unnecessary. we can safely conclude ttrat the

curvi-linear rerression rave cthe test estimates.
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Discussion

Ferd Comvrarison

In this data herd differences and cow differences ac-
counted for less of the variation in »roduction tran was re-
vorted by Tlum (1935). This was exrected since the herd
differences and cow adifferences are dae both to renetic Jdif-
f'erences of btrhe cows and differences in environment tetween
herds. Fomozeneity of elither the envircnment or the renetic
consticution c¢f tre inalvidusals can 1recuce the varlation.
"1'mm's data covered a total of 5860 records ot which 56 per
cent were records from frade cows and included 119 herds
wrich »rocatly were distributea over most of the state of
iowa. i'he avera;e ~roduction of each of tre tkrree herds
included in this study was above the treed average, and all
animals were recistered ¥Yclsteins. Moreover, quite a large
nertion of tke animals were slightly related. Conseqgquently,
trelr venetic relationshir was closer than the cows included
in Tlum's data. e second reason these results were ex-
rected was that more reosranhical differences and more herds
were involved 1In his study which very likely made the en-
vironment of the cows in ditferent herds more varlable.

3Since the heritabllity value obtained from this data
was .17, renetic differences tetween tre three herds accouns-

cd for .26 X .17 = L4 5 of the variation and the remaining

227 was cue to environmental differences. lhis assumes
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that the vortion of inter-herd variance due to genetic
differences between herds is the same as the portion of
Intra-herd variance due to genetic differences between cows.

Comrnarine the average btutterfat nroduction of thre
Lthree herds, the Ionia rerd was & rounds above the
hreformatory herd, the heformatory herd was 19 nounds above
the Traverse City herd. T1he Ionla herd was 57 vrounds atove
the |'raverse 1ty herd. PRased on tre assumrnrtion made atove,
and usine .17 as the heritability value, the gfgenetic dif-
ference would ke 1.2 rounds for tre lIonla herd over the
~eformatory herd, &.L mounds ror tre keformatory over the
rraverse Tity herd, and 9.0 for the lonlia over the 'iraverse
City herd. 'The other ditferences tetween the two herds were
~ue to environment.

Since the averages for each herd are tased on samnles
taken from the beginninge of tests for that herd ur to 1946,
the above comrarisons serve only as arnroximate differences
for trat meriod. The maln nurvose here 1s to voint out
trat tre herd differences were, for the most nart, due to
environment. For comraring the present situation of ttre
three herds, 1t, of course, would bte tetter to use the recent

Ferd averaces {or a comrarative basis.

Feneatebtility

Tre reneatability value obtalned from these data was

.34. Comrared to .3 reported by Lush (1941) and a .4O
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ty Flum (1935), it appears a little low. Fowever, it does
not differ a great deal from their values. I'his lower
estimate 1s mainly due to the low values of the TI'raverse
City and the lPeformatory herds. 'his was likely due to the
relatively more homogeneous vorulation and environment found
in those herds. Their lower values pull down the higher
ones of tre Ionla herd

Since rereatatllity 1s a measure of the consistency of
a cow's proauction, it is not affected by the genetic con-
scitution of the cow. ln otrer words, wrether cows have
more homozygous or heterozygous rvairs of genes, whether they
«re nurebred, crossbred, frade or scrub cows has no effect
on the value of rerveatatility. 1t 1s almost entirely de-
termined bty environmental eflfects on tre cow during and
shortly tet'ore the period during which she makes the record.
Llthough herdsmen are always trying to imrrove the environ-
ment as much as nossible, many natural factors are difficult
or imrossible to control and keepr constant. Eence, repeat-
atility will never be exceecdcingly righ.

Cther influences which might cause differences of re-
reatatility tesides uncontrollable natural conditions are:
(1) tre yearly improvement of managecwent, (2) vearly change
of management, and (3) yearly decrease in desirability of
management. vhen one considers the economic condltions and
tre imrrovement ol dairy husbtandry in this country, the

third nossibility can te eliminated. FPurther stuay of cthe
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vyearly herd averages leads one to velieve that there were

no very obvious trends to indicate a gradual increase or
decrease 1n production for the Traverse City and lLeformatory
herds. Therefore, 1t was condluded trat the higher reveat-
ability value for the Ionia herd was that the individual

cows comrosing this herd were kevt under more constant environ-
ment from vear to vear than cows in tre other two.

The revneatability value of tre Ionia herd is also higrer
than tlhe values comruted by Lush and lum, which are btased
cn more hercds and cows. 1f treir comruted values are assumed
close to tre average vslue for all herds, then the higher
value tor the lonia herd indicates trat the management of this
herc was more constant tlhan the averace hcrd management, and
trat the cows are nrnrobably keot in a healthier, tetter con-
dition tr.an the 1nacividuals of most herds with less disease
enc undetectabtle disturtances which can increase ttre varia-
tion in records of the same cow.

'he reveatability estimate of .34 is a measure of the
real differences in ability of tkhe cows in the three herds.
Subtracting the heritabllity value, .17 from the reveatability
value, 3, leaves a value of .17. This 17 ner cent, accord-
ine to Tush (19L1), 1s due to tlree nossible causes:

(1) Fermanent differences tetween cthe dams caused by

environmental vpecullarities;

(2) Domlnance exists;

(3) Genes have the effects of comrlementary, inhibiltory

or other enistatic interactions witlh other zenes. |
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Ueritability

I'he resemblance between rarents and offsvring is general-
1y most useful 1in estimating heritatility because 1t does
not include dominance aeviations and includes a smaller ror-
tion of Interaction deviations present. Faternal half-sib
resemclance is of'ten useful, but thrhe correlation is multi-
rlied by four instead of by two. I'herefore, tre sampling
errors are more serious 1In this resemblance than in the
rarent-offsoring resemblance. Generally, the heritabtility
comruted by tre raternal half-sibt method should be higher
tran that computed Ly the correlstion or regression of off-
smring on dam tecause the former includes more interactions
and dominance effects. Fowever, for tvis set of data, it 1is
lower than the other two and has ahigher standard error.
ror this reason it 1s less rellstle as an estimate of heri-
tability. I'he correlation btetween daughter and dam and re-
~recsion cf daichter on dam methods would ke 1nterchangeable
t'or estimsting heritarility if the dams were an unselected
Trour . Some selection usually has been practiced among the
rarents In most herds, although the gquestion may well be
reised whether or not trat selecction hss often been as in-
tense as 1s vnonularly surposed. Since the selection of ttre
dams will tend to lower nhe correlstion coeificieni acecord-
inpe to Lush (1940), but will not bilas systematically the
re;rresgsicn of offsvnring on dam, for this set ol data the re-
cression of offsrpring on dam was considered tre test tasis

for estimating hreritsestility.
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The heritatility value found in this study for single
lactaticon records was ,.,17. Incidentally, this value 1is
tre same as the .174 recently cormruted by Lush. Thris is =
little less thran has tecn found in rrevicus stuidies whick
have more often riven values of arourd .20 to .20. Lush
(1c42) revorted the 5% fiducial limits for his value of
174 were .03 and .21. Irrerefore, it is very probable thet
mcst c¢cf the ditference tetween tre values revorted in recent
rutlications are thre result of samrling variations.

Lush (1SL41) has vrointed cut that heritaetility estimates
tased on tre intra-sire regression rmethod, include only
cne-fourth of tre two eristetic gene interactions, one-
elecrth cf the three gfene Interscticns, one-sixteenth of thre
four rene interactions, ad infinitur. tFrus, tre 17 ver
cent of veriance ecccunted for tyv kreritarility includes not
crly tre truly additive effects of genes, tut iIncludes also
¢ 0ut cocne=reglf of tre effects whick cerended on tre inter-
zctlons cf cdifterent numrers of sets of cenes. Irhat such
irterectiors exist cannot be denied in trese cata, sirce
crme=rgll ot .re twc fene interacticns, trree-fcurths of the
“rree rene inceractions, seven-elghtlhs ol' tre four gen=
‘nterections ad infirnritum, are ircludedc with the dorminance
leviaticons and the rermanent environmentel efrects, which
£11 *crether constitute less cthen .34 - .17 = 177 of thre
vsrience fcr single records cr .17/.3l = S07% of tre

vzrliance 1n rermarent aktilitles.
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I'he rate at which the sverage rroduction of a herd
can te lIncreased Lty culling lcw rrcducirg females and re-
~lacineg them with tre btetter caughters csn te estimated from
tte exrected rerressicn of daughters toward che herd aver-
ace. Ire regression coefficient is about .0C85 in these
data - &a little hicrer in some of the other studies. 1[he
snnuai turnover in dairy herds is arou:.d 25 to 30 ver cent
ci tre average numter of cows in tre herd curing the year.
Among tre cows leaving the herd, at least one-trird are due
to old age, deazrs, sterilitv, chronic disease, and sales
whricl are not asctually low rrocucers. If one-eighthr of tre
cows wrich have tre lowest records will te discarded, the
*eifer celves sired by bulls with trhe same level of trans-
~itting atility would aversare,

3+ for ‘I'reverse Cityv rerd, .24(72)(.17) = 2.C

fcr Feforrmatery herd, .25(%9)(.17) = L4.C
for Ionia bkrerc, .245(124)(.17) = 5.0

more nounds of tutterfat per yeasr when they come into pro-
duction thkan tre heifer calves trom the preceding year
wculc average. Selection ol' tre sire can reise the selection
differential. Fowever, in culling the cows and young
reifers it is very hard to reach ctrte ideal, and culling only

“Ye cows or heifers trat are lowest in ~rcduction, or —ro-

fccordineg tc Lusty (19L7),
Futterfat increase = (selectlon differential)(standard
deviation) (hreritatbtility)
For one-eichtr rortion culling, e. g. 87.8°% of animals
saved, selection differential eguals to .Z2L.
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ducling abllity will sccommnlish it. Cecause of this, the

averagre increase per year will be even lower than the above

computed filgures.

Effect of Montl of Calving on Eutterfat Production

The results of tre effect of month of calving on butter-
fat nroduction in this study coincide roughly with most of
tre findings ty other workers. Since there were geogranh-
ical differences for different herds or subrorulations, we
cannot expect al1ll to have tLttre same effects. However, a
vreculiarity of tre results of tris study was that, bkesides
tre high nrocduction reak in March, there was another peak
in Sentemter which renked next to March ana was significant-
l1v hirrer tran any other month. A comrarison was made with
the resualts of two recent invescigations, and is shown in
Fige. 10.

Since butterfat rroduction 1s closely related tc milk
~roduction, it would not be unreasonable to comrare the
month of calving effects on trhe butterfat production with
its affect ocn milk yleld, which was given by Woodward for
12 states and Frick for Connecticut.

Fipure 10 shows vproduction on mer cent basis fcr esch
of -“re averages for different montrs of caelving. The
relatively small influence of mcnthk of calving on milk yield
found by “Woodward may have been due to his combtining

records of different states. If climatic dirirferences should
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cause the associastion of month of calving with mllk ylelds
to vary among the different states, a comblnation of

records from several states would tend to minimize fluctua-
tion in ylelds,
Although this study 1s fairl. close to the results of

tne Connecticut Jdata except 1in July, both the Woodward study
and the results fron Connectlicut data have snown that July

1s the least favorable month. This g!ves more evidence that
t*ne gmall jump in July ‘n the 'resent study must be due to
rarticular environmental effects 1in the Reformatory herca
wiilch aprarently c-mpensat=d for the usual sasdverse conditions
for cows calving in thet month,

If thls set of data !s considered as e falrly random

o

ample, then the next thing 18 to seek the factnrs involved
in ceusing this effect. Obviously, the climate which af-
fects tie animal directly and indlrectly throuich the crops
are the most 1important, although other factors may be in-
volv:d. Filrst, for tne irdirect effect, 1t is known that
there 1s a 4dry s 2son usually during July anada Aucust in
wichigan, and the castures suring this time are less pros-
pero:s than before and durin- the later growling months. Cows
froshening from the miadle of Mmay to the middle of June have
their high producing stacge exactly in the hot, dry season,
#soat far-ers know that t-ils season decr-ases t. e cow's milk
flow. Some herds may have s»ome <ind of temporary pasture
durlng tiis reriod, but renerally 1t cannot be manared

vell enough to completely make ur the gap. Second, 1t has
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teen established ttrat tre trhyroid activity is related to thre
vemnerature. Higlk temnersture decreasses the thvroid func-
tion, and hence reduces the metabolic rate. In addition,
~Fe fact that thvroxin or thyvrormrotein administrstion
stimulates the milk secretion has teen remorted bv Feineke
and arner (194). ‘iherefore, this dror in butterfet vrc-
duction during the summer could have been due to the func-
tional decrease of tre thyrcld gland. The intervrretation
r'or the small cromn auring the winter time may te that the
lack of rasture =%rat csused the lower production could not
te balanced by the 1ncresse of tre thyrold activity due to
low temnerature. sFether there 1s a relationshir between
lirht and milk secretion or vutterfat rrocduction has not
vet reen cetermined, althoagh light does nlay a role in the
renrocduction cycle ot guite a few srecies. To aetermine
the relative immortance of trhese factors, there must be a
sreciglly “eslened exreriment.

I X2 test has been macde to test wrether tre distribu-
tion of freshening in eact month for tre three herds com-
rined is atout equal. The result was trtet X2 equals 2%.05.
ror 11 degrees of freedom, 1t was highly significant.

“hen one insrects tle recoréds of esch month, however, the
districtution dces not follow tre mattern of the nroduction
level at all; tret 1s, tre number of cows treshening in the
Firrer rrcduction months csheould te rrester and tkhe number

'reshening in tre lower nrocduction months should be less.
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The reason for thils unreasonable distribution of freshening
in each month may be, (1) farmers' ignorance of the effect
and no control of the revmroduction, (2) an increase in price
rer nound of btutterfat can balance the decreased vroduction
due to freshening in the undesirable season.

The distritution of records in each calving interval
srows the most records in thre class from 360-379 days.
Since :the clsssification of records for eaclh nonth is made
ty mrooling all the records of cows in the month they are
freshening, recorcs of tre same cow mayv arnrear in a cer-
tain month more times than other months. r'or tthis reascn
tre monty variation mev include 8 nortion of tre cow's vari-
ation. in otrer wcrcs, this may ce1se a nortion of varia-
tion due to month c¢f frestrenrning. Fowever, 1its contribution
should nct te very rreat; hence can te considered un-

imrortant.

Effect of Calving Interval on futterfat Froduction

What is tre ontimum calving interval? In other words,
how long should tre calving interval te in order to obtain
tre maximum l1life time rroduction? Different authors disa-

rree. Some claim one vear and others claim more than one

)

Tear. Since dirfferent rerds have different cilrcumstances
«nd different levels of manarcement, a certain calving inter-
val may be suitetle fcr one herd, tut too long or too short

for snotrer,




108

There has been no satlsfactory design which can be used
to determine omtimum calving interval tor the maximum life
time production. As cows wlith short intervals will have
more lactations within a certain reriod, treir single
records may te lower btut tlelr total production may be high-
er than the cows with longer calving intervals snd with
hirkrer single records. "'owever, these cows may have a
storcer l1life reriod than tre cows with loneer intervals. cn
tte other hand, even troursh cows with longer calving inter-
vals may live a longer time they will rave less lactations
nnd treir 1life time ~roduaction may te less thran trat of the
cows with shorter calving intervals. Frobably either ex-
treme 18 not correct for comnercial rerds.

In trils narer, thrhere 1s no way to cetermline the exsctly
rizkt calving interval eitkher, but it was found thrat tre
increase in oroduction was more than 10 rounds for every
2C days 1Increase of interval un to tlre 380-1300 day interval
for the sawe lactation and LOO-419 day for the next lacta-
tion. FfFrom 19 daays on ttre increase 1s less than 10 pounds
ard at a8 diminishing rate, and finally reaches the reak at
L60-4,79 day intarval for tre same lactation and LE0-499
days of interval tor the next lactatlon. fhén, producvion
decresases very slowly with 1ncreasing length of interval.
"herefore, 3fiC-299 days was arititrarily set as the optimum
interval for tris data, althiough, there 1s still gocod reason
to tske tre 3L0-279 dayvs or about one rear as the ontimum,

demvcnains on trhe tyme ol management.
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Since effects of calving interval occur ur to 00 days
with a pradaal leveling off, the larger interval (400-419
day) was tentatively set as the standard. TUsing the calcu-
lated values of Table 91, a set of correction factors for
calving interval has been comruted and listed in the follow-

ine table:

i‘'able 10a -~ Conversion factors for Calving interval

Factors(l)

Interval t'or same laccation For next lactation
300-319 1.21 1.14
320-339 1.15 1.10
34,0-359 1.10 1.07
360-379 1.05 1.03
380-399 1.02 1.02
)y00-L10 1.00 1.00
L20-4 39 .OF .98
LLo-4L 50 <97 .98
Wé60=-479 SN .97
LEO-499 - 97 <97
500-529 .96 ey

(1)

nredicted butterfet production ot }j00-L419 int.
nrecdlicted bu- terf'at nroauction of x days int.

sacktors
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Comraring cthis table with the conversion factors for
are, times of milking and length of lactatlion veriod, as
listed in Tables 2a and 2b, these factors appear of the
same 1Imnortance as the ractors for age and times of milking,
and more 1importance than the factors for length of lacta-

tion.

Summary and Conclusion

An analysis of varilance of butterfat nroduction records
based on records converted to a 305 day lactation, twice a
day mllking and mature equivalent taslis, of tvYe Traverse
City, the Ionlia Feformatory and <he Ionia Fosrital herds of
Michipgan has keen carried cut. DLDue to trte svecilal require-
ments tfor certain kinds cf analyses and cthe incomrleteness
off some records, tre same set of recoras coula not be wused
for each analysis. [here were |73 cauil.ter-dam palrs 1ror
tye rFeritatility analyvsis, 2299 records [or tre herd com-
~arison and rereatabllity analysis, 1817 records for month
and Year effect on btutterfat nroduction, and 1071 records
i'or the analysis of calvineg interval elffect on butterfat
~roduction.

The prooled estimate of reritability of l1lifetime butter-
fat rroductlon for tre three herds was .28 bty half-sib
correlation method, .27 bv intra-sire correlation of dam

snd daurhter method, and .31 bty intra-sire regression of
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daughter on dam method. All are based on life time averages.
e last one, .31, 1s taken as the most accurate value.
Commuted to a single record base, the latter is equal to a
heritability value tor single records of .17.

The herd differences accounted for about 26 per cent
of the total variance and cow differences (intra-herd) ac-
counted ror 3l per cent. These variances, of course, include
toth genetlc differences and differences caused by environ-
mental effects. The vortion of variance accounted for by
intra-rerd record differences was atout 6& rmer cent. The
reveatability estimate was .34 on an intra-rerd base.

Vearly differences accounted for about 5 rer cent of
the variation in tutterfat rroduction. ‘though small, trlils
value 1s statistically sifnificant. No yearly trend was
found.

onth of calving accounted f'or sabcut 2 vner cent of the
Zotal variance. It was & significant ¢ffect. there was a
rather definite rattern tor cthe effect of dirteirent months
of calving on tutterfat rroduction. the high reak was in
“arch; this drorped gradually in the summer, increased in
S3entemtbter, and ffell again after that untll January.

I'rte relationshir of cs2lving interval and tutterfat vro-
ductlion was non-linear. 'hre effect of calvine interval on
Fusterfat rroduction accounted for 15 rer cent of thre

variance for the same lactation, and 3 ver cent for the
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next lactation. ‘oth were significant. 40O to L19 dsys

seemed bto te che most favoratbtle Interval as far as a sincle

record WES concernsd.

larle lla - rvrcentage ol lctal Cbserved vVariance
fccounted ror Various Uenetlic and
tnvironmental Ffactors
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Trhe vortion of varlisasnce accounced for by dominance
and interactions in the foregoing tavle includes a small
nortion due to nmermanent environmental necullarities, and
also. interaction bétween heredity and environment. There-
fore, tre mortion accounted tor by genetic effect actually
should bte less than 3 vrer cent and for tre environmental
effects should bte a l1little more tran €6 ner cent.

Since the records used for eact kind of analysis are
not exactly the same, 2nd tecause an allowance must te
mede for samrling error, thre figures listed in Tatle 1lla

cen only be considered as arrroximeste estirmates.
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