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INTRODUCTION 

Dairyfarming in New Zealand is fundamentally concerned 
with obtaining an income from the sale of milk and milk fat 
produced by ones cows. A dairy farmer's income can be 
increased by either reducing the costs o£ production and/or 
increasing the val ue o£ milk and milk fat sold. One method 
by which income can be increased is the culling of low 
producers and selection of high producing replacements. 

In New Zealand Herd Improvement Associations provide 
three systems whereby the production o£ individual cows is 
measured monthly, bimonthly or twice yearly. In using these 
records for cul ling and selective breeding there are two 
main groups of influences that have to be taken into account 
- environmental influences and genetic influences. In 
selective breeding the major objective is in fact to separate 
the environmental and genetic influences so that the genet­
ically "best" animals can be used to produce the next 
generation. 

Any attempt to evaluate either the genetic or 
environmental influences on test records must take into account 
the other. For example in bull selection the daughters of 
the bulls being compared may be o£ different ages and milked 
in different herds. The relative genetic value of the bul ls 
can only be evaluated after the influence o£ age and herd, on 
daughter production, has been taken into account. Likewise 
in evaluating the influence of age on production the cows in 
each age cl ass may be the daughters of different sires. 
Only by taking account o£ these genetic differences can the 
affect o£ the environmental £actor be evaluated. 

For the purposes of selective breeding environmental 
£actors can only be taken into account i£ they fulfil l two 
requirements - the environmental factor can be measured and 
- the influence o£ the environmental factor on production is 
known or can be readily estimated. Many environmental 
£ actors, such as level of feeding and climatic conditions, 
are not readily quantified under New Zealand conditions. 
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While others, such as year and geographical region are readily 
quantifiable but their affect on production cannot be 
predicted and is known only in retrospect . 

Age at calving, herd and days in milk when tested are 
known for each test day record collected in New Zealand. 
These environmental factors are known to have a major 
influence on test day production. The affect of herd as 
measured by test day herd average is a combination of genetic 
and environmental influences. Days in milk is an influence 
which is the combination of the influence of stage of 
lactation and season of calving. Just how important season 
of calving is, is not known and cannot be determined because 
it is always completely confounded with stage of lactation 
ln its affect on test day production . 

The objective in adjusting test day records for these 
environmental factors is to estimate what the production 
would have been had the cow been mature, lactating for some 
standard number of days when tested and milked in an average 
herd . All other environmental and genetic influences are 
assumed constant .  I£ selection is only on a within herd 
basis then herd need not be taken into account. A perfect 
adjustment procedure would result in the adjusted records 
having the same genetic variance but a reduced environmental 
variance when compared with the unadjusted records. The 
amount by which the environmental variance is reduced would 
be equal to the environmental variance accounted for by these 
environmental influences in the uncorrected data. 

Techniques are available for the simultaneous estimation 
of environmental effects and the prediction of sire effects 
from test day records . These procedures however require 
very large computing facilities the like of which are not 
available at present. For some time to come it seems likely 
that environmental effects will be taken into account by 
estimating their influence in retrospect and using these 
estimates as the basis for adjusting subsequently collected 
records. Since 1963 test day records collected in herds on 
twice yearly testing have been adjusted for age and days in 
milk using factors developed from records collected in 1956 
to 1958 . 
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The factors used to adjust records for days 1n milk are 
based on the assumption that season of calving does not 
contribute significantly to the influence of days in milk on 
test day production . Also the factors used to adjust for age 
may contain biases due to sire selection . It is as a result 
of these two facts that the present study was initiated . 

The objective of this study is to use the technique of 
best linear unbiased estimation ( BLUE ) to obtain estimates of 
the affect of age on test day production free of biases due 
to sire selection and to estimate the affect of days in milk 
and days in milk squared on test day production . An 
attempt will be made to evaluate the effectiveness of 
correction factors based on these estimates . 



4. 
REVIEW OF LITERATURE 

A. FACTORS INFLUENCING TEST DAY PRODUCTION 

In discussing £actors which influence test day production 
consideration wil l  be given to methods o£ estimating the 
effects and o£ removing the variance control led by these 
effects from test day records . 

1 .  AGE AT CALVING 

Estimates o£ the �££ect of age at calving on test day 
production are used primarily to derive age correction 
£actors . Searle and Henderson ( 1960 ) in a discussion o£ the 
use o£ age correction £actors state, " . . . The purpose o£ 
such £actors is to correct a record £or age alone, assuming 
al l other environmental £actors remain the same. The 
corrected record is then an estimate o£ what the cow would 
have produced under exact ly the same conditions had she been 
older . . .  " 

Age per se is not the £actor which is being corrected 
£or . Rather, it is those a££ects o£ maturity o£ the mammary 
gland and o£ lactational ability £or which age is a convenient 
highly correlated measure. In £act a number o£ a lternatives 
to age alone have been investigated. Lactation number has 
been considered by Sanders ( 1928a ) who concluded that age is 
more c losely related to stage o£ maturity than lactation 
number . Fimland et al ( 1972 ) consider age within lactation 
number and find it accounts for approximately 3% of the, 
first and second lactation, variation in milk yield and £at 
corrected mil k  yield . Mil ler R .H. , et al ( 1970 ) and 
Ronningen ( 1967 ) found that a larger percentage o£ the total 
variation in milk yield was accounted £or by a combination o£ 
age and lactation number than age or lactation number alone. 
Syrstad ( 1965 ) concluded that the specific affect of lactation 
number ( i. e . �feet independ�t o£ age ) on milk yield  and £at 
percentage was o£ minor importance . Other authors ( e .g. 
Clark and Touchberry ( 1962 ) and Mil ler and Hooven ( 1969 ) ) have 
investigated the use o£ a combination o£ body weight and 
lactation number . As none o£ these measures are perfectly  
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correlated with maturity of lactation performance they are 
not ideal measures of maturity. Because age at calving 
information is readily available for most cows, is accurate 
and as useful or more useful than lactation number or body 
weight it is the preferred measure of maturity. 

Estimating the affect of a�: 

Estimates of the affect of age, on total lactation and 
part lactation yields, have traditionally been based on 
records col l ected ·under commercial farming conditions . Kay 
and M'Candlish ( 1929 ) review some of the earlier estimates 
which were obtained using what has subsequently been termed 
the gross comparison method . This method uses age class 
averages, pooled over years, as the basis for comparing age 
groups. Sanders ( 1928a ) and Kay and M'Candlish ( loc cit ) ,  
recognizing that the age class average for older age classes 
would be inflated by cul ling, used the paired comparison 
method. The paired comparison method is based on the 
average difference between records made by the same cow at 
different ages . Lush and Schrode ( 1950) show that both of 
these methods give biased estimates of the �ffect of age on 
lactation yield when cul ling is based on production. A 
study reported by Mil ler ( 1964 ) in which gross and paired 
comparison age factors are compared illustrates the difference 
between these two methods. Gross comparison gave 
consistently higher estimates of age effects than did paired 
comparison . 

As shown by Henderson ( 1949 ) best linear unbiased 
estimation (BLUE, cal led maximum likelihood in Henderso�s 
paper ) procedures are appropriate to estimation in situations 
where repeated observations are col lected and selection on 
the basis of the magnitude of earlier performance is practised . 
That cow cul ling on the basis of previous performance is 
practised has been shown by Hinks ( 1966a ) ,  1966b ) for Ayrshire 
and Friesian populations in the United Kingdom, and by A l laire 
and Henderson ( 1966a, 1966b ) for a Holstein population in the 
United States . Sire selection may a lso cause biases in 
estimates of age effects . Rendel and Robertson ( 1950 ) 
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predict genetic trends due to sire selection. Such a trend 
can be observed as an increase in average sire rating in the 
New Zealand Dairy Board's Artificial Breeding Scheme 
( N. Z. Dairy Board ( h ) ) .  

Miller et al ( 1966 ) used the BLUE method to determine 
age effects in a sample of 24, 636 lactations collected over 
an eight year period. As predicted the estimates of age 
effects obtained using BLUE were between those obtained by 
paired and gross comparison. To obtain unbiased estimates 
of age effects using BLUE the ratio of certain variance 
components must be known without error. The magnitude of 
the bias resulting from the use of incorrect ratios is not 
clear. Henderson ( 1958) found that for each 0. 01 by which 
repeatability ( function of variance component ratio ) exceeds 
true repeatability the bias in environmental trend is - 0. 08 
lb fat/year. Estimates of age effects obtained using BLUE 
have been reported by Miller and Henderson ( 1968), Miller 
P.D. et al ( 1970) and Wunder and McGilliard ( 1971). 

Where variance component ratios are not known Cunningham 
and Henderson ( 1968 ) suggest an iterative procedure for 
estimating variance components and fixed effects. With the 
modifications suggested by Thompson ( 1969 ) this method gives 
unbiased estimates of variance components and fixed effects. 
As Searle ( 1971) points out the iterative procedure is only 
practicable for models involving a single random classification. 
This method is discussed in greater detail on page 26 . 

Estimates of the �£feet of age on test day milk and fat 
yields have been obtained using only the gross comparison 
method. Searle ( 1961a) developed factors which corrected 
test day fat records for age and first month on tests 
simultaneously. Van Vleck and Henderson ( 1961c) developed 
factors for adjusting monthly test day records for age and 
season of calving. Because these estimates are obtained by 
gross comparison it is reasonable to suggest they will be 
biased to the extent that monthly production is a component 
of the "culling variate". 
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Factors influencing the affect of age: 

Searle and Henderson's ( 1960 ) statement of the purpose 
of age correction factors implies that different sets of 
factors are needed for different environments in as much as 
the environment affects rate of maturity. For any scheme 
where age correction is to be used it is thus highly 
desirable to know what environmental factors influence rate 
of maturity. 

( i )  Herd environment: 
Herd differences can cause large differences in the 

production of cows genetically identical as was shown by 
Brumby ( 1961) when identical twins were distributed to high 
and low producing herds . Hickman and Henderson ( 1955 ) 
found a negative relationship between herd level and increase 
in age corrected production from first to second lactation . 
That this negative relationship was due to a positive 
relationship between herd level and actual increase from 
first to second lactation was pointed out by Hickman ( 1962 ) .  
The fault being that the age correction factors used tended 
to overcorrect records in low herds and undercorrect records 
made in high herds. Thus producing a relationship between 
herd level and age for corrected records which is reverse in 
sign to that for uncorrected records. Searle and Henderson 
( 1959 ) using uncorrected records, from New York Holstein 
herds, determined regressions of age factors on level of herd 
production. The regressions were all significantly positive . 
These results were confirmed for New Zealand records by 
Searle ( 1962 ) using a simplified method of determining herd 
level age factors ( Searle ( 1960 ) ) .  However, Hickman ( 1957 ) ,  
Searle ( 1962 ) and Searle and Henderson ( 1960 ) found little 
advantage in using individual herd age factors compared with 
the use of general multiplicative age correction factors. 
Lee and Hickman ( 1967 ) observed that records corrected using 
individual herd level factors had zero regression of yield 
on age compared with a non zero regression for records 
corrected by a method which ignores herd differences. 
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( ii )  Season of calving: 
In dairy regions where year round calving is common 

practice it has been shown that the influence of age on 
lactation production interacts with season of calving. For 
lactation milk production significant interactions have been 
found by Lee and Hickman ( 1967 ) ,  McDaniel and Corley ( 1966 ) , 
McDaniel et al ( 1967b ) ,  Miller and Henderson ( 1968 ) ,  Miller 
et al ( 1966 ) ,  Miller P. D. et al ( 1970 ) ,  and Wunder and 
McGilliard ( 1971 ) . McDaniel and Corley ( loc cit ) also 
found a significant interaction for lactation fat yield. 
Miller and Henderson ( loc cit ) explain part of the interaction 
found, by using gross or paired comparison methods, as being 
due to a confounding of level of herd production with season­
age o£ calving effects. Miller P.D. et al ( loc cit ) confirm 
these findings but suggest that the real interaction is o£ 
sufficient magnitude to justify separate age factors for each 
month of calving subclass. The major component of the 
season by age interaction is that young cows show a smaller 
reduction 1n lactation yield under poorer conditions than do 
older cows. This is what would be expected if poorer 
seasonal conditions were analogous to poorer herd environments. 

Significant interactions between age and season of 
calving for test day production have been found by Van Vleck 
and Henderson ( 1961c ) and Miller et al ( 1967 ) .  In both of 
these studies the method adopted was to compute ratio factors 
( by gross comparison ) for correcting records made at the same 
stage of lactation by cows calving in the same season. 
These factors were then classified and using a three way 
analysis o£ variance significant effects were determined. 

Under New Zealand conditions where calving occurs over a 
restricted period of time Searle ( 1961a ) found that month of 
first test and age at calving interact in their affects on 
lactation £at yield. Because the length o£ lactation is 
related to the month of first test the reason £or this 
interaction is not clear. It may be due either, to a simple 
month o£ first test by age interaction, or, an interaction 
between age and lactation curve shape. An interaction 
between month o£ first test and age effects on test day 
production can be observed in Searle's results. 
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Table 1 shows this interaction. October first test cows have 
larger age correction factors than do cows first tested in 
August or September . 

Table 1 Month of Lactation 

First Test 1 2 3 4 

August 1 .36 1. 30 1. 27 1. 23 
September 1 .32 1. 30 1. 27 1. 27 
October 1. 34 1,34 1. 32 1. 32 

Test day age correction factors for cows two years old at 
calving according to month of first test and stage of 
lactation ( from Searle ( 1961a ) ) . 

In general later calving young cows show a smaller 
increase in test day production than do later calving mature 
cows when compared with earlier calving young and mature 
cows respectively. This is the same as is observed for 
lactation production. Searle ( 1961a ) derives age factors 
which correct records made at the same stage of lactation for 
age and month of first test simultaneously . To correct 
records made on the same test day a consideration of the 
interaction of stage of lactation with age is required 
( see page 11 ) . In this situation season of calving is 
completely confounded with stage of lactation. 

( iii ) Geographical region: 
If season of calving and herd environment influence rate 

at which maturity, in milk production, is reached it would 
seem reasonable that similar differences may occur between 
geographical regions . In the United States McDaniel et al 
( 1967b ) found substantial differences between geographical 
regions when developing age correction factors for adjusting 
Dairy Herd Improvement Association lactation records . 
Further evidence is provided by Miller ( 1964 ) and McDaniel 
and Corley ( 1966 ) .  More recently Miller, R .H .  et al ( 1970 ) 
have shown that the factors developed by McDaniel et al ( 1967b ) 
do not take adequate account of regional differences in age 
effects . 
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In New Zealand age correction factors used differ 
according to geographical region ( N  .Z . Dairy Board ( d )  and Herd 
Improvement Assoc. Manual ( 1970)). That failure o£ age 
correction factors to take into account differences due to 
geographical region can result in errors in sire ranking has 
been shown by Miller, P.D. et al ( 1970). Just how much o£ 
the affect o£ region on rate o£ maturity could be accounted 
for by herd and season o£ calving effects is not known. 

( iv) Year: 
Koh and Henderson ( 1964) report a year by age interaction 

in New York dairy records. Searle ( 1961a) considered the 
difference between test day age factors in two successive 
years to be non-significant. I£ year x age interactions do 
exist, which seems likely, they may cause biases in sire 
evaluation when sires are compared between years, and within 
years when sires have different number o£ daughters in each 
age class. However present methods do not permit simultaneous 
estimation o£ age effects and prediction o£ sire effects. 
Thus, at present, age correction must be based on the 
assumption o£ non-significant year by age interactions. 

( v) Breed - si� genotype: 
In a herd where both Ayrshires and Holsteins were milked 

Hickman ( 1957) observed that the Ayrshires were quicker 
maturing in 180 day milk yield than the Holsteins. other 
reports have suggested rate o£ maturity differs between breeds 
( Kendrick ( 1955), McDaniel and Corley ( 1966), McDaniel et al 
( 1967b ) ,  Herd Improvement Assoc. Manual ( 1970)). These 
estimates are confounded with the affects o£ herd environment. 
Having different sets o£ factors as derived by McDaniel et al 
( loc cit) will not cause serious errors providing all 
comparisons are made within breed. In New Zealand the breed 
structure o£ the dairy population is undergoing rapid change ( N .Z. 
Dairy Board ( g)) and between breed comparisons ( Jersey with 
Jersey x Friesian) are being made within herds. The affect 
of breed per se on the affect o£ age needs to be known for 
unbiased comparisons. 

Hillers and Freeman ( 1965) found significant differences 
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between sires in the regression of age on first lactation 
production. Ronningen ( 1967 )  reports a heritability of 
0.06 - . 02 for increase in yield from first to second 
lactation. Ward and Campbell ( 1938 ) suggest a positive 
correlation between level of production in first lactation 
and the increase in fat yield from first to second lactation. 
Robertson and Khishin ( 1958 ) found zero values for the 
regression of increase from 1st to 2nd lactation and 2nd to 
3rd lactation, on first lactation contemporary comparison. 
Only if there were a negative genetic relationship between 
first lactation and increase to subsequent lactations would 
age correction need to take into account cow genotype. 
Sire would need to be considered in age correction if age 
factors were highly heritable and present evidence does not 
suggest this . 

( vi )  Stage of lactation: 
In New Zealand all cows in a herd are tested on the same 

calendar day and will thus be at different stages of lactation. 
It has been clearly established that the effect of age on 
test day production is strongly influenced by stage of 
lactation ( for test day milk fat yield Searle ( 196la ) ,  ( 196lc ) 
and ( 1963 ) ,  for test day milk yield Sanders ( 1923 ) ,  ( 1928a ) ,  
Madden et al ( 1956) , Lennon and Mixner ( 1958 ) ,  Lamb and 
McGilliard ( 1959 ) ,  ( 1960 ) ,  Van Vleck and Henderson ( 196lc ) ,  
Smith and Legates ( 1962a ) ,  McDaniel et al ( 1967a ) ,  Spike and 
Freeman ( 1967 ) ,  Appleman et al ( 1969 ) and Wood ( 1969 ) and for 
both test day milk yield and fat yield Madden et al ( 1955 ) ,  
Lamb and McGilliard ( 1967b ) and Miller et al ( 1967 ) ) .  This 
interaction is mainly due to the greater persiste.ncy, of milk 
and fat yield, in first lactations compared with later 
lactations. Thus to age correct the test day records of 
young cows different age factors are needed for different 
stages of lactation. Such factors have been developed from 
New Zealand data by Searle ( 196lc ) ,  ( 1963 ) and Castle ( pers 
comm ) .  

( vii ) Trait: 
Many studies have shown that whole and part lactation 
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milk yields and fat yields are affected differently by 
advancing maturity ( e.g. Kay and M'Candlish ( 1929), Hickman 
and Henderson ( 1955), Clark and Touchberry ( 1962), McDaniel 
and Corley ( 1966), Miller et al ( 1966), and McDaniel et 
al ( 1967b)). Milk yield and fat yield require different age 
correction factors because it appears that milk yield 
increases with age while milk fat percentage declines slowly 
with age (Mahadaven ( 1951)) so that fat yield increases with 
maturity but at a rate slower than that for milk yield. 

2. STAGE OF LACTATION AS A FACTOR AFFECTING TEST DAY 
PRODUCTION 

The form of the trend in milk yield, fat yield and milk 
fat percentage, with time from parturition has been the 
subject of numerous studies. When all cows in a herd are 
tested on the same calendar day it is inevitable that they 
will not all be at the same stage of lactation. That stage 
of lactation is an important source of variation in test day 
production has been shown, for New Zealand conditions, by 
Searle ( 1961c) and Castle ( pers comm). Within a seasonal 
supply herd approximately 80% of cows calve within a ninety 
day period ( N.Z. Da iry Board (b)). This variation will be 
much greater in herds maintaining year round production. 

Describing the lactation curve: 

( i) Curve shape 
In early studies of the lactation curve Brody and 

Ragsdale ( 1923a) derived an equation to describe the curve. 
The equation had the general form: Yt 

= Ae 
-� 

where Yt is average daily yield t units of time after 
parturition, A and k are constants describing peak yield and 
rate of decline respectively. This equation did not give a 
good fit and Brody et al ( 1924) modified it to 

Y = Ae -k1t - Be -k2t 
t 

to explain the initial rise as well as the gradual decline as 
lactation progresses. Brody attempted to give these equations 
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biological interpretations. 
have included: 

Other measures of curve shape 

total lact Shape factor = max wkly 
as used by Sanders ( 1923) 

yld 
yld X av. 

av. 
max. wkl2,-2.!£ 
total lact yld 

Average percentage decline for each month after peak 
lactation was used by Turner ( 1926) 

Ludwick and Peterson ( 1943) used a weighted decline 
after peak lactation 

Wood ( 1967) fitted the model 
y = atbe -et to the lactation curve t 

where a, b, and c are curve constants and Yt is the average 
daily yield in the t'th week of lactation. 

Ronningen ( 1967) gives a brief review of measures of 
persistency .  By using these measures of curve shape it is 
then possible to test the significance of factors affecting 
curve shape. 

( ii) Ratios and regressions of whole lactation on part 
lactation: 
Many North American workers have used either ratios or 

regressions of whole on part to predict whole lactation and 
to study factors affecting the lactation curve. A good 
example of the use of ratios is provided by the study 
reported by McDaniel et al ( 1967a). In this study the ratio 
of lactation production to monthly and ac�1mulative monthly 
production were computed for the classifications, age, yield 
trait, season of calving and month of lactation. The 
average ratios for each age-trait-season of calving subclass 
were used as individual observations and analysed using a 
factorial design . From the results it was concluded that 
breed, age, season of calving and yield trait have significant 
affects on the ratio factors for total to part yield . 

Factors affecting lact�ion curve shape: 

The objective in correcting test day records for stage 
of lactation is to reduce this source of variation in test day 
records. The corrected records will give a more accurate 
prediction of cow genotypes than the uncorrected record . 
If the affect of stage of lactation is a function of cow 
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genotype then correction may not increase prediction accuracy. 

( i )  Breed -sire-genoty� 
There are numerous reports o£ differences in lactation 

curves due to breed o£ cow ( for milk yield Lamb and 
McGilliard ( 1959 ) ,  ( 1960 ) ,  ( 1967a ) ,  Fritz et al ( 1960 ) ,  
McDaniel et al ( 1967a ) ,  for £at yield Lamb and McGilliard 
( 1967a ) ,  and £or milk £at percentage Korkman ( 1950 ) and Erb 
et al ( 1953 ) ) . However few studies have separated the 
a££ect o£ breed per se from other confounding £actors such 
as herd . Fletcher ( 1960) found significant differences in 
ratio extension £actors for Jersey and Jersey x Sindhi cows 
milked in the same herd. 

Smith and Legates ( 1962a ) used the ratio o£ production 
for the last 215 days to the production for the first 90 days 
of the 305-day lactation as a measure o£ persistency. 
Persistency in first lactation records had a heritability o£ 
0. 33 and £or second and later lactations was -ve. Wood 
( 1970 ) concluded that sire explained less than 5% of the 
variation in lactation curve shape. Wood also found a low 
repeatability o£ curve shape. Although based on relatively 
small numbers o£ observations these two studies tend to 
indicate that genotype is a minor source o£ variation in 
curve shape. This being so the use o£ correction £actors £or 
stage o£ lactation seem likely to increase the accuracy o£ 
test day genotype prediction. 

( ii )  Age at calving: 
The interaction between age and stage o£ lactation has 

been discussed on page 11 

( iii) Season o£ calving: 
The early studies made by Hammond and Sanders ( 1923 ) and 

Sanders ( 1927a ) revealed distinctly different shaped lactation 
curves £or spring and autumn calvers in the United Kingdom. 
These findings were confirmed in the U.S.A. ,  by Turner ( 1923 ) 
and more recently by many workers ( Hickman ( 1960 ) ,  Fletcher 
( 1960 ) ,  Lamb and McGilliard ( 1959 ) ,  ( 1960 ) and ( 1967b ) ,  

McDaniel et al ( 1967a ) and Appleman et al ( 1969 ) ) .  Season o£ 
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calving can influence the shape of the lactation curve and 
different sets of stage of lactation factors would be needed 
for each distinct season of calving. 

Under New Zealand conditions approximately 80 percent ( N.Z. 
DairyBoard ( b)) of the cows in seasonal supply herds, calve 
over a three month period. Should this be considered as 
one season of calving or do cows calving in early August 
have distinctly different curves from those calving in late 
October? Sanders ( 1930) considered month of calving caused 
significant differences in persistency. In the U.K. 
February, March, and April calvers have different shaped 
lactation curves (M.M.B. ( 1961)). Wilson ( 1964) found that 
8, 9 and 10 pairs of identical twins differing in average 
date of calving by 49 days, 52 days and 82 days respectively 
had very similar shaped lactation curves ( eye appraisel). 
Wilson also plotted average milk yields according to month 
of calving of Jersey cows three years of age and older 
milked in the Massey University herd. These curves indicate 
shape differences. Later calvers were less persistent and 
reach peak yield sooner than earlier calving cows . Searle 
( 1961a), working with a much larger sample than Wilson, used 
percentage of cows tested still in milk six months later as 
a measure of persistency . Searle showed that, within age 
class, cows first tested in August were more persistent than 
cows first tested in September or October. Searle also 
noticed that peak of production is in the- third month of 
lactation for cows first tested in August and in the second 
month of lactation for cows first tested in September and 
October. In developing factors for correcting test day 
records for age and stage of lactation Castle (pers comm), 
using the same data as Searle ( loc cit), assumed the same 
shaped curve for all months of calving. 

To correct test day records, for stage of lactation, 
knowledge of the full lactation curve is required only if cows 
at the beginning and the end of lactation are being tested on 
the same test day. This is rarely the case in New Zealand 
seasonal supply herds. In fact what is required is a 
knowledge of the affect of days in milk ( which is fully 

� 

confounded with stage of lactation) on test day production 
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for each test period ( month in New Zealand ) .  Using this 
knowledge it would then be possible each test day to bring 
all cows to effectively the same stage of lactation ( same 
date of calving ) and is the method used by Searle ( 1963 ).  
Factors which affect the influence of days in milk would 
be expected to be the same as those affecting the affect of 
stage of lactation. 

(iv ) Herd: 
Cannon et al (1942 )  found the average persistency, of 

milk yield, in the Iowa College herd was significantly 
different from the average persistency of USDHIA records. 
Wood ( 1970 ) found that herd accounted for 5. 4% of the 
variation in lactation curve constants for a sample of 1567 
lactations of 336 Freisian cows in 10 herds. Van Vleck and 
Henderson ( 1961b )  calculate regression factors for extending 
various part lactation milk records to complete lactation 
records. The method of extension takes into account herd by 
expressing the age and season corrected test day record for 
the ith month of lactation as a deviation from the herd mean 
for the ith month of lactation before multiplying by the 
regression factor. Van Vleck and Henderson ( 1961e ) show 
that this procedure is always more efficient than when herd 
is ignored. However they suggest that the extra efficiency 
is not sufficient to offset the extra computation involved. 
Lamb and McGilliard (1959 ) concluded that herd did not 
significantly affect ratios of part- to whole- lactation 
records. Fritz et al ( 1960 ) found a significant herd effect 
for milk yield regression extension factors and a non­
significant effect for fat yield regression extension factors. 

Herd does influence lactation curve shape but because 
taking herd into account is computationally expensive it is 
usually ignored . Age and season of calving are much more 
important sources of variation than herd. 

( v )  Yield trait: 
Milk yield and fat yield have different shaped curves due 

to the fat percentage curve being almost a mirror image of 
the milk yield curve. 
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( vi) Gestation: 
The affect of gestation is non-significant until 

approximatel y 140 days after conception. After 140 days 
gestating cows show significantly l ower persistency of milk 
yield than non-gestating herd mates (Brody et al ( 1923b), 
Sanders ( 1927b) and Erb et al ( 1952)). Both Korkman ( 195 0) 
and Erb et al ( 1967) found that gestation of 180 days or 
greater causes a more rapid increase in fat percentage than 
in non-gestating herd mates. For cows calving at yearly 
intervals gestation is not an important factor affecting 
curve shape up to 240 days after parturition. 

( vii) Dry period: 
The influence o£ the length of dry period on curve shape 

Sanders ( 1928b) found to be small.  In New Zealand, where 
drying-of£ appl ies to all cows in the herd after a fixed date, 
length o£ dry period would not be expected to be short 
( ( 30 days) but no information on this matter could be 
found . Because length of dry period is likely to be 
confounded with genetic merit ( see Searle 1961a) attempts to 
remove any affects of dry period may reduce genetic variation. 

3. HERD-YEAR AS A FACTOR AFFECTING TEST DAY PRODUCTION: 

That a major part of the difference between herds in 
average l actation production is environmental has been shown 
by Robertson and McArthur ( 1955 ), Pirchner and Lush ( 1959), 
Roberston et al ( 1960), Brumby ( 1961) and Van Vl eck ( 1963). 
About 80% of the differences are environmental the remaining 
20% being genetic. Expressing l actation records as a 
deviation from a contemporary average reduces the genetic­
and herd-variances without altering the error component ( N.Z . 
Dairy Board ( k)) . In New Zeal and to prevent this reduction of 
genetic variance in sire proofs the genetic l evel of 
contemporaries ( estimated from male ancestor proofs) is 
corrected for (Shannon ( 1971)). There is littl e information 
availabl e  relating to the affect of herd-year on test day 
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production . Since l actation production is an aggregate of 
test day productions it may be concluded that on average 
herd-year has a simil ar affect on both. 

B .  CORRECTING TEST DAY RECORDS 

Herd l evel- and multiplicative- correction factors have 
been used to correct test day records for age and days in 
milk or season of cal ving . In al l cases the correction 
factors have combined correction for the two environmental 
factors invol ved. Searle ( 1961c ) used herd l evel factors to 
correct test day records made on the same test day for age 
and month of first test. The herd l evel correction factor 
is a l inear function of herd average corrected test day 
production and is added to the uncorrected record. Sear le 
and Henderson ( 1959 ) have shown that the affect of age is a 
function of herd-l evel . However Searle's factors assume 
that the affect of month of first test is also a function 
of herd level. This has not been demonstrated. 

Castle ( pers comm ) and Searle ( 1963 ) devel oped 
multiplicative factors to correct test day records for age 
and days in milk . Using these factors the corrected record 
is the product of the correction factor and the uncorrected 
record . Searle and Henderson ( 1960 ) showed that multi­
plicative factors are capable of taking into account between 
herd differences in age effects . The use of mul tiplicative 
factors implies also that the effect of days in milk is a 
function of test day production. The evidence of Madden et 
al ( 1959 ) suggests that level of production and curve shape 
are independant . Madden et al arrived at this conclusion 
by comparing cows milked twice daily with cows milked thrice 
dail y . On the other hand Appleman et al ( 1969 ) concluded 
that higher producing cows show lower persistency than l ower 
producing cows. This can be expl ained by Appleman's et al's 
method of distinguishing high and l ow producers. They used 
peak lactation yield to distinguish high and l ow producers . 
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Peak l actation yield is negatively phenotypically correlated 
with persistency and selection on this basis would lead to a 
negative rel ationship between persistency and peak yield. 

A more recent development has been the correction of age 
and days in milk adjusted test day records for "herd level" {N .z. 
Dairy Board ( f ) ) . This is attempted by expressing the age, 
days in milk adjusted test day record as a ratio of the herd 
average. It is suggested that this ratio accumulated over 
test days will provide a valuablG aid to cow cull ing. The 
use of a ratio rather than a deviation was due to the ability 
of a ratio to remove differences in within herd variance 
of yield between herds ( Stichbury ( pers comm ) ) .  This 
accumulated ratio has a smaller herd by sire interaction 
( as % of total variance ) than do accumulated deviations(N.Z. 
Dairy Board( k ) ) .  For the purposes of sire selection a ratio 
may give small er herd by sire interactions by taking into 
account the small non- linear regression of daughter records 
on herd mates ( Van Vl eck ( 1963 ) ). 

In this study an attempt will be made to separate 
corrections for age and days in milk and to further evaluate 
the value of correcting for herd. 

C. PARAMETERS OF TEST DAY RECORDS: 
c;_ 

The literature contins several studies where parameters 
1\. 

of test day records, made at the same stage of l actation, 
have been estimated (Madden et al ( 1955)' Sear l e  ( 1961b ) ' Van 
Vleck and Henderson ( 1961a ) , Lamb and McGill iard ( 1967b ) '  and 
Keown and Van Vleck ( 1971 ) ). The only estimates for records 
made on the same test day are those of Searl e ( 1963 ) .  Sear le 
used records which had been corrected for age and stage of 
lactation using multiplicative factors. The heritability of 
monthly fat yield for the first 6 test months ( August to 
January ) ranged from . 23 to .28 and .09 to .11 when paternal 
half sib correlations and within herd daughter-dam regressions 
were used to estimate heritability respectively. The 
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corresponding figures for l actation yield were 0.36 to 0. 25 
respectively. Searle also attempted to estimate the genetic 
correl ation of test day with l actation records but very high 
standard errors made the results meaningless. However in 
the studies, using l actation month records, al most without 
exception high genetic correlations between test day record 
and lactation record have been reported. Some of the studies 
( Searle ( 1961b), and Keown and Van Vleck ( 1971)) suggested 
lower genetic correl ations for early and late stages of the 
l actation. These genetic correl ations support the hypothesis 
that different genes are involved in influencing level of 
production at different stages of l actation. The overal l 
l evel of genetic correlation suggests that the influence of 
these "part lacation" genes on test day production is 
relatively minor. 

Searl e ( 1961b ) and Everett et al ( 1968a) in estimating 
variance components show that the between- and within-herd 
variance of test day milk and milk fat decline as the 
l actation proceeds. 

D. THE NEW ZEALAND RANKING INDEX: 

As a resul t  of a study conducted by the Farm Production 
Division of the New Zealand Dairy Board ( N.Z. Dairy Board ( c), 
N.Z. Dairy Board ( e), Searle ( 1961a), ( 1961b) and ( 1961c)) 
it was shown that selection based on as few as two tests 
during the middle months of l actation would result  in only 
sl ightly slower genetic improvement in l actation yield than 
selection based on regular monthly tests for the whol e 
lactation. Table 2 is an extract from table 4 of N.Z. 
Dairy Board ( e). 
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Es t ima tes of heri tab i l i ty , genetic correla t ion 

wi th lac tat ion yield , and rel ative s elec t ion 

effic iency . 

Comb inat ion of Heritab i l i ty Genetic Rel ative Selec t ion 
months correlation eff ic iency 

Aug . + Sept . . 34 . 80 7 8% 

Aug. + Oct . . 34 . 84 8 2% 

Sept . + Oc t .  . 3 3 . 91 87% 

Sept . + Nov . . 3 2 . 94 89% 

Oct . + Dec . . 3 0  . 97 8 9% 

* R ate of progres s in improving add i t ive genetic meri t for 
l ac tation y iel d , when s elec ting on monthly combinations , 
compared with s elec t ing on lactat ion yield itself . 

As a res ul t of thes e f indings the "Produc t ion Ranking 

Tes t "  was in tro duced as an al ternat ive to the "Al terna te 

Month Tes t "  and the "Month ly Tes t "  in the 1 963 -64  s eason . 

S t ichbury ( 1 963 ) des cribes how the sys tem opera tes : 

Each herd wi l l  be tes ted twice during the s eas on 
af ter the s econd tes t has been carried out ranking 
informat ion wi l l  be suppl ied for each cow . . . The 
ranking informa tion w i l l  be in the form of an age 
correc ted lacta tion but terfat yield . . .  adjus ted to 
a common length for each cow . It wi l l  be known 
as the Ranking Index . . .  

In the 1 96 8-6 9 s eason a l l  farmers who tes ted their herds 

were suppl ied wi th a ranking index for each c ow af ter each 

tes t . The me thod of calcul ating this index i s  des crib ed in 

N.Z . Dairy Board ( f ) :  ( 1 96 9  metho d ) 

The index ( Ranking Index ) is b as ed on a "wi thin tes t­
day " c omparis on of each cow wi th her herd mates . 
Each tes t- day record is corrected for s tage o f  
lac t at ion at whi ch t he tes t was made , and records of 
immature cows are also correc ted for the age and breed 
of the cow . Each cow ' s  record is then expres s ed as a 
percentage of the herd average of al l c orrected records 
for that  tes t day . . . .  Up to  the firs t 24 0 day s the 
values are averaged after each tes t ,  the average b eing 
adj us ted ( regres sed ) to take i nto accoun t the number 
of tes t d ays on whi ch i t  i s  based . The average is 
the ranking index s hown i n  the farmers tes ting return 
after each tes t . . .  

* 
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The s e  two def init ions o£ ranking index di ££er not only 

1n their  me thod o£ calcu lation but also in t he type o£ 

cor rec t ion £ac tors us ed . The corre c t ion £ac to rs used £o r 

the " Produc tion Ranking Tes t "  ar e des c r ibed in N .Z .  Dai ry 

Board ( e ) .  A different s e t  o£ £actors is used e ach mon th 

to correct  £or age and days in mi l k . Each tes t mon th the se 

£ac tors adjus t the tes t day reco rd to  a mature equivalen t  

s t andard days in milk reco rd . The cor rec t ion £ac tors us ed 

in the 1 969  me thod as found in the H . I . A .  Manual ( 1 970 ) 

are the s ame £o r a l l  test mon ths . These £ac tors conve r t  the 

tes t day reco rd to an e s t imated mature equ ivalent lac t ation 

reco rd and in this res pec t are analogous to the ratio 

ex tens ion £ac to r s  o£ McDan iel e t  al ( 1 967a ) .  The s e  

procedures £o r c o r rec t ing tes t day reco rds have i n  common 

the a s s umptions that t he a££ect o£ days in mi lk is the s ame 

fo r al l months o£ cal v ing and the �feet o £  days in mi l k  is 

the s ame £or al l mon ths o£ tes t .  Also it  can be s hown th at 

the s e  £acto rs g ive the s ame ranking wi thin a herd on a s ing le 

tes t day . 

Var iance c omponen ts o£ the ranking index ( calculated 

by the 1 969 me thod ) have been repo rte d ( N .Z .  Dairy Boar d ( k ) ) 

along wi th var i ance components o£ several other me asures o£ 

pro duc tion . Tab le 3 is  an ex t ract o£ t able 1 from N .Z .  

Dairy Bo ard ( k ) . 

Table  3 .  Es t ima te d Variance Componen ts £or  var ious 

Pro duc tion Traits . Componen t as percentage o £  

to t al var i ance g iven in parenthes es . 

Trait  Age Her d  S i re HxS Res idual Withi  
herd 

he r i t  
ab i l i  t· 

Herd mate 
£at 2 year 47 8 ( 9 . 1  ) 253 ( 4 . 8 )  377  ( 7 . 2 )  4 1 3 2  ( 78.9 ) . 21 

mature 1 3 9  ( 3 . 1  ) 1 25 ( 2 . 8 ) 1 3 6  ( 3 .  0 )  4 1 1 8 ( 91 . 1  ) . 1 1 

Ranking 2 year 2 9  ( 9 .  0 )  1 5  ( 4 . 5 ) 1 2  ( 3 . 6 ) 284 ( 83 . 0 )  . 20 
index 

mature 8 ( 3 . 0 )  1 0  ( 3 .  9 )  -3 ( _]_ .1 ) 248 ( 94 . 0 )  . 1 6 
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Thes e  ar e the on ly known es t imates of the variance 

componen ts of the ranking index . It is the aim of the 

present inves t igation to ob tain corr ect ion f ac t o rs us ing 

BLUE and to evaluate by us ing variance component es t imates 

different me thods of express ing tes t day reco r ds . 
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METHOD OF ANALYS IS 

EST IMAT ION OF THE AFFECT OF AGE AND DAYS IN M ILK ON TEST DAY 

PRODUCT ION: 

The mode l: 

W i th in each month of tes ting the following mode l was 

fit ted to the dat a  

y. "k lJ = ;u + a .  l 
2 

x
ijk + b i2 · 

X i jk + e ijk 

where y . .  k is the tes t day reco rd of the k th cow , in the j th lJ 
herd- s i re s ubclas s , in the i th age group at calving . In 

this mode l , 

� i s  a gener a l  mean , 

h s . is an e lement c ommon t o  a l l  reco rds in the j th 
J 

he rd- s i re subc las s , 

a .  is an affec t a t t r ibutab le to the i th age , l 
X i j k  is the numbe r of day s  in mi lk when t e s ted , for  the 

k th cow , in j th herd- s ire s ub c las s ,  in the i th 

age group at calving , 

bi l and b i 2  are pa rtial l inear regre s s ion coeff i c ien ts 

of day s in milk on t es t day pr oduc t ion and days in 

mi lk squared on tes t day produc t ion fo r records 

made by cows in the i th age c las s at c alving , 

e ijk is an e lement pecul iar to the k th cow , in the j th 

herd- s ire s ub c l as s , in the i th age gr oup at calvin g . 

The e .  "k and hs. are as s ume d to be no rma l ly and lJ J 
independently dis tributed random var iab les wi th z e ro means 

2 2 and variances rr and �
h 

. Also it  is as sumed that the e .  "k e s lJ 
and hs . are no t corre lated w i th e ach other . J 

A further ass umpt ion implicit in the mode l is tha t  there 

is  no  interac t ion be tween ages and herd- s i res . . I£ 

int e rac t ions be tween age and herd- s i res exis t then the 

applicab i l ity of the es t ima tes wou ld be affe c te d . By 

conve r t ing age effe c ts to  mu lt ipl icat ive fac tors or  herd 

leve l fac tors any real in terac t ion be tween age and herd- s ires 

wi l l  be par t ly offs e t . 
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The mo de l may be wr i t ten in mat r ix f o rm as 

Y = X *b *  + Zu + E 

whe re Y is a N  x 1 ve c t o r  of tes t d ay pr odu c t ion , X* is a known 
N x q ma t r ix , b *  is an unknown q x 1 ve c t o r  of f ix e d  af fec t s  
a n d  r e g re s s ion c oeff i c i en t s , 

b *  = 

Z i s  a known N x t ma t r ix of r ank t ,  u is a t x 1 unknown 
ve c t o r  of r an dom e l emen t s ,  and E i s  a unknown N x 1 ve c t o r  of 

e r ro r  e l e me n ts . To f ac i l i t a t e t he ob t a ining o f  es t i ma tes 
the f i rs t  co l umn of X *  and row o f  b * , for the gene r a l  mean , 

� '  a r e  de l e t e d  to g ive X and b .  

A general s o l u t i on f o r  the mode l : 

We a s s ume tha t in the mode l 

Y = Xb + Z u  + E - - - - ( 1 ) 

t h e  rank o f  X ,  = r ,  w i t h  b r e p r e s e n t ing q - 1 = r f ix e d  effe c t s  
, an d u ,  i n  r e p r e s e n t ing the r an dom effe c ts cont ains 

2 f o r  j us t  one r andom f ac t o r , h av i n g  var ianc e � u 

t a ffec ts 
......__ 

As a 
r e s u l t , Z h a s  fu l l  c o l umn r ank , t ,  w i t h  i t s  co l umn s s umming 
to 1 .  By the nature of Z ,  the m a t r ix Z ' Z i s  d i a g on a l , of 
o rder t ,  w i th (Z ' Z ) - 1 exis t in g  and be ing re adi ly de t e r mined . 

The BLUE s o l u t i on for b and u i s  ob t a ined by max im i s ing 
the log of the j o int dis t r ib u t ion o f  y and u w i t h  r e s pe c t  to 
b and u .  Th e s o l u t ion i s : 

[ X ' X 
Z ' X Z ' Z 

= 
[X ' Y] 

Z ' Y - - - - ( 2 )  

wh e r e  � 2 i s  th e var iance o f  e .  " k in the mo de l and I i s  an e lJ 
ide n t i ty ma t r ix o f  o rder , t .  Bec ause Z ' Z i s  g e ne r a l ly a 
l a r ge ma t r ix a s o l u t i o n  f o r  b an d u may invo lve t e d i o us 
c a l c u l a t ions . A s o l ut i on invo l v i n g  less te d i o us c a l c u l a t ions 
i s  ob t ained in the fo l l ow i n g  manne r .  
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X ' Xb + X ' Zu = X ' Y 
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2 2 = Z ' Z + o- /r::r . I  e u 
( 3 )  

an d Z ' Xb + Pu = Z ' Y - - - - ( 4 )  

From ( 3 ) an d ( 4 )  

an d 

" 
b 
" u 

= 

= 

( X ' X  - X ' Z P- 1 
Z ' X ) - 1 

( X ' Y  - X ' Z P- 1
Z ' Y )  

P- 1 (Z ' Y  - Z ' Xb ) 

Thi s s o l u t ion invo lves the i n ve rs e  o£ the diagona l 
ma t r ix P and the in ve rs e  o£ (X ' X  - X ' Z P- 1 

Z ' X )  wh i ch h as 

( 5 )  

( 6 )  

r ank r .  Howe ve r ,  i t  i s  
. 2; 2 . k r a t l o , o- cr- l S  nown . e u 

C unn ingham and H ende r s on 

a s s umed th a t  the va ri ance c ompone n t  
When t h i s  r a t i o  is n o t  known , 

( 1 96 8 ) s u g ges t an i t e r a t i ve p r o c e dure 
£or es t ima t in g  the fixed e££e c t s and va r i ance c o mponen t s . 

C unn i n gh am and Hende r s on ' s  me thod is : 
1 . 

2 .  

3. 

Make a pr io r  e s t i mate o£ k 
1\ 

Es t imate b as b in ( 5 ) 

( k  = 

Ca l c u l a t e  R ( b , u ) *  and R ( u/b ) * *  wh e r e  
R ( b , u )  = b '  ( X ' Y - X ' Z P- 1 

Z ' Y )  + Y ' Z P- 1 
Z ' Y 

R ( b , u )  - Y ' X (X ' X ) - 1 
X ' Y 

( 7 )  

( 8 ) R ( u/b ) = 

* 

whe r e  
and 

** 

wh e r e 

4 .  2 2 E s t ima t e  CY and cr- by e qua t in g  c a l c u l a t e d  va l ue s  e u 
o£ , (Y ' Y - R ( b , u ) ) and R ( u/b ) t o  t h e i r ex pe c t a t ions 

d 1 · £ 2 and ,...... 
2 an s o  v lng o r  cr- v e u 

R ( b , u )  = re duc t i on in s ums o£ s quar e s  due t o  f i t t in g  b & u 
= R ( b /u ) + R ( u )  

R ( b /u )  = b '  (X ' Y - X ' ZP- 1 
Z ' Y )  

R ( u ) = Y ' Z P- 1 
Z ' Y 

R ( u/b ) = re duc t io n  d ue t o  u e l imin a t in g  b 
= R ( b  , u )  - R ( b  ) 

R ( b ) = Y ' X (X ' X ) - 1 
X ' Y 
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The expec t a t i o n s  Cunn ingham and Hende r s on us e d  or � 
imp l i e d  in the s e  e s t imates we r e : 

2 E (Y  1 Y - R ( b  , u )  ) = ( N - ( t + r + 1 ) ) CTe - - - - ( 9 )  

E ( R ( u/b ) ) = ( r  + 1 )  CT 2 + ( t r ( Z 1 Z - Z 1 X ( X 1 X ) - 1X 1 Z ) )  o- 2 
e u 

- - - - ( 1 0 )  
5 .  Cal c u l a t e  k and i t e r a t e  f r om s t age 2 .  

I t  was s o on r e a l i z e d  tha t Cunn ingham and Hende r s on 1 s  
expe c t a t ions c o n t a i ne d  s e r ious e r r o rs . Th is w a s  f i r s t 
po in t e d  o u t  by Th omps on ( 1 96 9 ) who de r i ved th e expe c t a t ion 
of R ( u/b )  as , 

E ( R ( u/b ) )  = E (Y  1 SZTZ ' SY ) - - -

( r ank ( T ) k t r  T )  2 ( t r Z 1 SZ k = - a + -
+ k2 e 2 . r ank ( T ) t r  T )  a - - -u 

wh e re s = T - X ( X ' X ) - 1X '  L 

and T = ( k i  + Z ' Z - Z ' X ( X 1 X ) - 1  X ' Z ) - 1 . 

- ( 1 1 ) 

- ( 1 2 ) 

Ev an s ( 1 97 0 )  de r ives the s ame expe c t a t i on fo r R ( u/b )  as g i ven 
in ( 1 2 ) .  Evans a l s o s hows t h a t  

E (Y ' Y  - R ( b , u ) ) = ( N - r - t + k t r  T )  
+ ( t k - k2 t r  T )  a 2 

u 

0" e 
2 

wh ich is d if fe r e n t  f r om the s ame expec t a t ion in ( 9 ) .  

- - - - ( 1 3  ) 

A s o l u t i on £ o r a- 2 and a- 2 is no t re ad i ly ava i l ab le f r om ( 1 2 ) e u 
and ( 1 3 )  b e c aus e T is the inve r s e  o£ a nond i a g on a l  ma t r ix of 
r a nk t .  t i s  u s ua l ly l ar ge . 

Thompson ( 1 96 8 ) shows h oweve r t h a t  by equa t in g  k t o  a- 2 /a 2 
e u 

( 1 2 ) becomes : 

E ( R  ( u/b ) )  = ( t r  Z ' SZ )  
and ( 1 3 ) b e c omes 

E (Y ' Y  - R ( b , u ) ) = ( N  

a u 
2 

2 t )  a e 

- - - - ( 1 4 ) 

- - - - ( 1 5 ) 

Us ing ( 1 4 ) and ( 1 5 ) as the b a s is o £  an i t e r a t ive p r o c ed ure 
provide s  unb i as e d  e s t imates o £  CJ 2 and CJ 2 when k s e t t l e s . e u 
This proc e dur e was us e d  in t h i s  s t udy to ob t ai n  e s t im a t e s  o f  

2 2 2 CJ , a- , and b .  CJ i n  re p r e s e n t in g  the var i an c e  o£ the r andom e u u 
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2 2 e l eme n t  in the mo de l is e q u a l  to �hs whe r e  �hs i s  the s um o f  
h e r d , s i re a n d  i n t e r ac t ion v a r i anc e s . 

A pro g r am - R IANAL ( appe ndix A )  w as wr i t t en f o r  a 
2 2 IBM 3 6 0/3 0 compu t e r  to ob t ai n  e s t imates o£ b ,  � and �h e s 

u s i n g  Thompson ' s  me t h o d . Es t im a t e s  were ob t ained f o r  t e s t 
day - m i lk y ie ld , - f a t  y i e l d  and - mi lk fa t per c en t a g e  
f o r  e ach of th ree t e s t month s i n  the 1 9 7 0 - 7 1  s e as on . 

CORRECT ION OF TEST DAY RECORDS : 

( i )  Fo r d ay s  in mi lk : 

I£ l ac t a t ion c urve sh ape and l ac t a t i on produc t i on a r e  

independe n t  t h e n  a dd i t ive f a c t o r s  w i l l  s uffi ce t o  reduce t h e  
var i a t i on con t ro l l e d b y  day s  i n  m i lk . 

E ach t e s t mon th a l l  r e c o r ds we r e  corr e c t e d  t o  a s t an da rd 
n umbe r of day s in mi lk an d days in mi lk s q u ar e d . Th e 
s t anda r ds f o r  the £ th t e s t mon th a r e  dim£ and dim� - the 
ave r ag e  n umb e r  o f  day s in m i lk and average day s in mi l k  
s q ua r e d  f o r  a l l c ows te s te d  i n  t h e  £ th tes t mon t h . The s e 
a ve r ages ar e us e d  so as t o  min imiz e ex t r apo l a t i on e r r o rs . 
dim£ and diJ£ ar e ob t ai n e d  as a pr o duc t of t h e  R IANAL p ro g r am .  
Th e add i t ive c o r r e c t ion fac tor f o r  a re c o r d  made in the £ th 
t e s t month by a cow in the i th age c l as s  wh ich h as b e en i n  
m i lk x day s i s  

= 

" " 
Whe re b i 1 £  and b i2£ a r e  e s t ima t e s  o£ the pa r t ia l  r e g r e s s ion 
c oeff i c i en ts o f  tes t day y ie l d on days in m i l k  and d ay s  in 
m i lk s qu a r e d  r e s pec t ive l y , fo r c ows in t he i th age c l as s  a t  
c a l ving who s e  r ec o rds a r e  made 1 n  t he £ t h  t e s t mon th . 

( i i )  Fo r age at c a l v in g : 

Mu l t ip l ic at i ve co r re c t io n  fac t o r s  we r e  der i ved fo r e ach 
tes t mon t h . The fac t o r  for a r e c o rd made in t h e  £ t h  t e s t 
mon t h  by a c ow in t h e  i th age c l a s s  a t  c a l ving was de r ived 

( 1 6 )  
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as 
= - - - - ( 1 7 )  

The factor for cows in age class 4 ( 5 - 9 year olds ) is 1 fo r 
all  tes t months . 

I£ yijk£ is a record made in the f th tes t month by the 
k th daughter , in the i th age at calving class , of the j th 
herd- s ire subclass then the correc ted record is 

= 
� A ( y ijk£ + bil£ ( dim£ - xijk£ ) + bi2£ 

( ( dinf£ ) - xij;£ ) )  Ai£ 

Using this me thod records were adjus ted us ing fac tors 
derived  from 1 970- 71 records . 

THE CORRECTED RECORDS : 

For each herd the average o£ correc ted tes t day records 
was calculated for a l l  tes t mon ths as 

= � - 2 . �k l J 

( 1 8 )  

where h£ is the herd ave rage fo r the f th month and n£ is the 
number  of cows tes ted in the f th month . Zijk£ is the 
corrected tes t day record as given by ( 1 8 ) . 

For each tes t day record the fo l lowing were calcula ted 
for milk yie ld , fat yield and milk fat percentage : 

( i )  days in milk and age corrected tes t day record ; 
z ijk£ ' us ing ( 1 8 ) .  

( ii )  total corrected product ion to date ( tpijk£ ) .  
Me thod of calculation for firs t record was to mul tiply the 
corrected tes t  day record by the average number of days  in 
milk ( dim£ ) for all cows in the month of firs t tes t .  At 
e ach subsequent tes t the quant i ty , 

� ( dim£ - dim£_ 1 ) (Zijk£ + Zijk£- 1 ) 

whe re f is the month of tes t and £ - 1  the month of the previous 
tes t ,  was added . This is the same procedure as is used to 
accumulate uncorrected r ecords in the tes t interval method 
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wh ich is presen t ly us e d  by the New Zealand Da iry Board 
(Herd Improvement As soc . Manual ( 1 970 ) ) . Th e procedure 
us ed here differs in that  the reco rds are firs t corre c ted to 
the s ame s t age of l ac ta t ion then accumu l a ted . 

e . g .  The total c o r rec ted produc tion to da te for  a cow 
with two tes t day reco rds , one in month 1 and the o the r in 
month 3 ,  wi l l  be 

= 

( i i i ) the r a t io of correc ted tes t day record to 
co r rec ted tes t day herd ave rage : = 

( iv )  the ave rage of the ra t t o ,  Ri jkf ' to da te , 
we igh ted fo r number of tes t day s con tained in the ave rage . 
Th is quan t it y  is calc ul ated as , 

R ii jkf 
f 

= 
f 

(Lf =l Rijkf/C - l OO ) W + l OO 

where Lf =l is the s um of the ra tios R ijkf fo r all  tes t mon th s , 
where there is a tes t day reco rd , up to and inc luding the 
f th tes t month . C is the number of tes t day records made , 
up t o  and inc luding the £ th tes t mon th . 
f ac tor W is given by the expre s s ion 

1 + w = c 
( C - l )R X ��d - l )R 

d 

The we igh t ing 

- - - - ( 2 0 )  

where d is the max imum number of records avai lab le for month ly 
tes t ing 1n a 3 05 day lac t a t ion ( d  is equal to 1 0 ) . The value 
of  R ,  the corr e l a t ion be tween tes t day r a tios , was as s umed to 
be 0 . 5 for milk and fa t and 0 . 6 fo r milk fat percent age . 
The we igh t ing f ac t o r  i s  in fac t the regres s ion coefficient of 
the mean of C corre lated obs erva tions on the me an of d 
corre l ated obs e r va t ions where C � d and the d obs ervat ions 
inc lude all the C obs ervat ions . 

Th is quan t i ty ( R iijkf ) is the "Ranking Index " as g iven 
1n N . Z . Dairy Board ( f ) , with the d i fference in correc t ion 
procedure used . 
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The pr ogram A- DAY CORRECT ION ( s ee append ix A )  was us ed 
to  cor rec t tes t day reco r ds and calcula te the quanti t ies : 

Z i jkf ' t pi jkf ' Rijkf ' R i ijkf for e ach tes t day r e cord . 

ANALYSES OF CORRECTED RECORDS : 

Two analy ses were c onduc ted t o  de termine variance 
componen ts of correc ted tes t day records . 

1 . Us ing Hende rs on ' s  ( 1 953 ) me thod 1 and ass uming the  model 
= ;u + s . + h . + { h s ) . .  + e 1. J.k l J lJ 

due to the i th 

- - ( 21 ) 

s ire , whe re p is  a general me an , s i an �fe e t  
h .  an affec t  peculiar t o  the j t h  herd , J { hs ) . an inte rac t ion J 
affe c t  due to the i th s i re in the j th herd and e . .  k is a lJ 
random error  associated with the k th daugh te r of the i th 
s i re in the j th herd . As s uming the mode l is f ul ly random 

2 2 2 2 the var i ance componen t s  Js , �h , �hxs , and �e we re 
es t ima ted for each te s t  month for the four quan t i t ies Z ijkf ' 
Rijkf ' Ri ijkf and tpijkf for milk , fat , and mi lk fat 
per cent age . Th is was ach ieved by the pr o gram ANOVA 2 ( s e e  
appendix A )  us ing the me thod des c ribed by Se arle ( 1 97 1 , p 48 0 ) .  

2 .  Fo r the ful ly random mode l 
y ijkl 

= p + s .  + h .  + ( hs ) . .  + C . .  k + e 1. J"kl l J lJ lJ - - - - ( 22 ) 

whe re the e lements ar e the s ame as in ( 2 1 ) except f o r  the 
inc lus ion of c . .  k a r andom e lement fo r the k th daugh te r o f  lJ 
the i th s ire in the j th he rd . e ijkl i s  a random er ror 
pecul iar  to the 1 th tes t day record of the k t h  daugh te r of 
the i th s i re in the J. th herd . Es t imates of � 2 , �h

2 cr 2 
s ' nxs ' 

� 
2 , and � 2 wer e  ob t a ined us in g me thod 1 of Hende rson ( 1 953 ) .  c e 

Es t imates of the var iance components wer e  ob tained for Z ij kf 
and Rijkf fo r mi lk , fat , and mi lk fat per cen tage . A prog ram 
was wr i t ten for this analys is - ANOVA 1 ( s ee appendix A )  us ing 
the me thod g iven in appendix B .  
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DATA 

SOURCE OF DATA : 

Al l he rds , with herd code number in t he r ange 2000000 -
2002 9 9 9  us ing monthly , o r  al ternate mon th ly tes ting , in the 
1 970- 7 1  s eason we re s c reened . On ly cows whi ch fulfi l led 
the f o l lowing cri te ri a we re s e lected : 

Je rsey breed , 
s ire identified by a Je rs ey s ir e  code , 
c alved be tween 3 1 s t of May and 1 s t  of December , 
age a t  c alving in the range 2 to 9 y e ar s  inc l us ive , 
l ac ta t ion of l OO days o r  greate r . 

Fo r e ach c ow s e l ec ted , tes t day re cords we r e  s e lec ted if they 
fulfi l led the fo llowing criteria : 

made 5 days  o r  more af te r cal ving , 
were no t c l as s ified as abno rmal * . 

The s e l e c ted records were ar ranged on magn e t ic tape . On 
this f i le , tes t day production records cons is ted of the 
fo l lowing : 

* 

date of tes t ,  as number of days  f rom 1 s t  June in 
the year of c alving , 
month of tes t ,  June = 1 ,  July = 2 ,  Augus t 
days in mi lk when tes ted , 

3 e tc , 

A tes t day reco r d  is c las s ified as abno rmal i f  any one 
of the following occu r red : 

1 .  cow mis sed a tes t ,  
2 .  s ample mixed , s p i l t , bo t t le b roken , e tc . , 
3 .  cow 1n s e ason , 
4 .  cow he l d  mi lk at  p .m .  and/o r a . m .  m i lking , 
5 .  cow s ick , mas t i t is , l ame , 

6 .  p .m .  milk we ight 2 5% o r  mo re greater than a . m .  m i lk 

and to t al milk a t  leas t 2 0  lbs , 
7 .  cow running wi th c al ve s . 
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to tal  tes t day milk* to neares t pound , 
tes t day milk fat per centage , to neare s t s ingle 
dec imal , 
tes t day mi lk f a t  y ie ld ,  to neares t 1 /l OOth of a 
pound . 

Each tes t day record was iden tified wi th a herd c ode , s ire 
code , cow number , year of calving , age at  cal ving ( 4  age 
c l as ses , 2 year , 3 y e ar , 4 year and 5 - 9  year ) and date of 
c a lving ( in days from 1 s t  June 1 97 0 ) .  

Tab le 1 shows the number of t es t day r e cords in t he four 
age classes  mee t ing thes e requi remen ts  for e ach month of 
te s t . The small  number of recor ds in June and July 
precl uded f ur ther us e of these months . The lowe r number of 
reco rds in De cember than in November or January is due to 
the prac t i s e  of beginning Decemb e r  tes ting on or ab out t he 
25 th of November . Th is pract ise  al lows t e s t ing off i cers 
to have a Xma s hol iday � Thus the November records w i l l  
con tain a number of pai rs o f  records made b y  the same cow . 

Tab le 2 shows the aver age numbe r of days in mil k for 
each age class in each tes t month . The 2 year olds are on 
aver age in mi lk 1 . 7 to 6 . 7 day s longer than the 3 y ear o l ds . 
These ages representing the ex t remes . 

Appendix t ab les 1 ,  2 and 3 give the aver age , mi lk y ie l d , 
fat y ie ld and mi lk fat pe rcen tage respec tively for each age 
class e ach tes t  mont h . These averages as we l l  as the 
conten t s  of t ab le s  1 and 2 were de termined u s i ng the X ' X and 

* "The we ight o f  milk pro duce d ,  on the tes t day , by e ach 
cow is reco rded at b o t h  milkings by a "mi lk me ter " attached 
to the pipe l ine The mil k me ter  as wel l  as recording 
the we i ght of milk t akes a proportionate s ample .  Samples 
from the evening and morning mi lking are comb ined . . .  and 
te s ted for mi lk fat per cen tage on the farm by the Ge rber  
me thod" .  ( N  .Z . Dai ry Board ( a ) ) .  
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Tab le 1 .  

The number of t e s t  day re co rds in each age c l a s s  for 
the tes t mon ths June 1 970 to May 1971 . 

Age c l as s 
Mon th 2 3 4 5 - 9 To t al 

June 1 4  1 1 3 1 9  

Ju ly 49 36 2 8  6 9  1 82 

Augus t 1 407 933 746 1 75 8  4844 

September 23 80 1 5 88 1 224 2 874 8 066 

Oc tober 2556 1 7 90 1 4 1 2  341 1 9 1 6 9  

November 3574 2596 1 944 46 88 1 2 802 

De cember 1 9 75 1 440 1 129 2776 7320 

January 2 820 206 2  1 5 48 3 777 1 0207 

Feb ruary 2609 1 972  1 5 22 3 747 9 85 0  

March 23 29 1 735 1 3 76 3335 8775 

Apr i l  1 83 2  1 459 1 1 94 3 024 7509 

May 666  548 477 1261  295 2 

2221 1 1 6 1 6 0  1 26 01 3 0723 8 1 6 95 

Tab le 2 .  

The ave r age number of day s  i n  mi lk fo r each age c l as s 
when tes t ed i n  the mon ths Augus t  to May . 

Age c l ass 
Month 2 3 4 5 - 9 Al l ages 

Augus t 23 . 5  21 . 8  22 . 4  21 . 9  22 . 4  

September 43 . 8  40 . 9  41 . 8  41 . 6  42 . 2  

Oc tober 6 8 . 2  64 . 4  65 . 6  64 . 2  65 . 5  

November 1 01 . 6  95 . 7  97 . 6  96 . 3  97 . 8  

December 1 26 . 8 1 22 . 4  1 23 .3 1 21 . 2  1 23 . 3  

January 1 6 0 . 4  1 53 . 9  1 5 5 . 9  154 . 8  1 5 6 . 3  

February 1 89 . 8  1 84 . 4 1 85 . 8 1 84 . 5 1 86 . 1  

Mar ch 2 1 7 . 0  2 1 0 . 5  213 . 1  21 1 . 1  21 2 . 9 

Apr i l  246 . 2 241 . 1 243 . 0  241 . 0  242 . 6  

May 26 8 . 8  26 2 . 1  264 . 2  26 2 . 1  263 . 9  
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X ' Y mat r i ces wh ich we re ob tai ned as a by- produc t of  the 
program R IANAL . 

Th i s s ample of tes t day records fo r Je rsey cat t le mi lked 
in the 1 970- 71 s eas on is re presen t a t ive o f  the Auckl and Herd 
Improvemen t As socia tion Je rs ey popu l a t ion . Us ing the herd 
codes as  a means of ob t ai ning a s ampl e  of  herds is un l ike ly 
to res u l t  in a grouping of  he rds acco rdin g  to geog raphi c al 
reg ion . He rd codes in general  are a l located accordin g  t o  
sequence o f  appl icat ion for herd tes t ing servi ces . Fo r th is 
reason th is s ample may c ontain a h igher than aver age 
propo r t ion of pedig ree herds becaus e of the tendency for 
pedi g ree herds to have been tes t ing for a longer per iod of 
t ime than non pedi g ree herds . The r e qui rement for s ir e  
iden t ifi cat ion may resul t again in a further dis propo rt i on 
of pedigree cows in the s ample c ompared wi th the Auckl and 
Je rs ey populat ion . Th i s howeve r is not l ike ly to be  a 
s e r io us bias s ince the e s t imates ob t ai ned wi l l  only be  appl ied 
to the herd te s te d  populat ion . 
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RESULTS 

EST IMATES OF F IXED EFFECTS AND REGRESS ION COEFF IC IENTS 

The prog ram R IANAL was us ed to es timate the ve c tor  b 

unde r three di ffer ent mode ls . As has already been des cribed 

an i tera tive procedure was us ed to  ob tain BLUE es t imates of 
2 b and unb i ased es timates of the var iance component s  � and 

2 
e 

�
hs · The s e  es timates are ob tai ned on the as s umpt ion that the 

herd- s ire effec ts are normally and independan t ly dis t r ib uted 
2 

about a mean of zero wi th var iance �s · An ini t ial ra t io o f  
2 2 

�e to �hs of zero was chosen f o r  Augus t tes t day mi lk yie ld , 

fat yie ld and milk fat pe rcentage . Choos ing thi s  ini t ial k 
- 1 

va lue of zero means tha t the ma t r ix , (X ' X-X ' 2 P  2 ' X )  does no t 

have an inve r s e  due to the co lumns of the ma trix , ( X ' X , X ' 2 ) 

s umming to the s ame quant i ty as the co lumns of the ma t rix 

(2 ' X ,  2 ' 2 ) .  H owever , due to rounding errors , the program 

MINV is ab le to de termine an inve rse and thus provide a va lue 

for k fo r th e 2nd ite ration . Af ter this fi rs t  i t e r at ion 
- 1 the ma t rix , (X ' X-X ' 2 P  2 ' X ) does have an i nve r s e  due to the 

addit ion of a non zero quantity k to the di ag onal ma trix 2 ' 2 .  

Each i t e rat ion fo r the 2 1 3 9  Augus t herd- s i re s ubc l as s es takes 

6 � minutes of compute r  t ime . Thus to comple te n ine i t e rat ions 

fo r e ach of the three Augus t tes t  day trai ts would take 

3 hours . Fo r this reason only l imi ted us e of th is  procedure 

was made . 

Fi gure 1 s hows the va lue of k ob tai ned at the end of 

each i te ra tion for the three Augus t tes t day y ie ld t raits . 

The r a t ios for mi lk y ie ld and fa t y ie ld have s e t t led by the 

6 ' th i teration whi le for mi lk fat percen tage a s e t t led value 

has no t been ach ieved by the 9 th ite rat ion . Appendix 

figures 1 ( a ) , 1 (b )  and 1 ( c ) s how the ac t ual var i ance 

component es t imates ob t aine d  at the end of each i terat ion for 

the th ree yield traits . From the se f igures i t  appears that 

the var iance component es t ima tes for mi lk fa t per centage h ave 

se t t le d  at the s ame rate as thos e for mi lk y i e ld and fat 

yie ld . The reason for mi lk fat percen tage k r a tio not 

apparently s e t t l ing being due to the ac tual k be ing large so 

that s mal l ch an ges in var i ance components c aus e re lative ly 

large ch anges in k .  
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FAT % 

FAT 
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ITERAT ION 

Figure 1 .  Es t imated k rat ios ob tained at the end 

of each iteration fo r the three Augus t tes t day 

y ie ld t ra i ts . 

0 1 2 

· Figure 2 .  

3 4 5 6 
ITERAT ION 

7 8 9 

Es timated value . of the f ixed effe c ts p + a . 1 
for Augus t tes t day milk y ie ld for the four age c l as s es 

as ob tained at the end of each i te rat ion . 
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Figures 2 ,  3 and 4 s how how the e s timates o£ the e lements 

of b changed from one iterat ion to the next . The values o£ 

the elements o£ b £or iterat ion one have no par t icular 

s i gnif icance due to the i r exis tence as a solution be ing 

solely due to rounding errors . However fo r a l l  succeeding 

i te rations the es t ima tes are condit ional ly unb iased £or the 

k value us ed . The es t ima tes o£ the e lemen ts o £  b £or 

i teration zero we re ob tained as s uming a f ixed mode l in wh ich 

herd- s i re was i gnored . The s e  es t imates (LSQE ) are o rdinary 

leas t squares  e s t imates ob ta ined as , 

A 
[x ' x] 

- 1 
b = X ' Y - - - - ( 23 ) 

where termino logy is identical w i th that on page 26 . 

The third mode l us ed £or e s timat ing b was the fixed 

mode l in wh ich th e affect of the j th herd- s i re s ub c lass  is 

assumed fixed . A so lution for th is mo de l is ob tained in 

exac tly the s ame manner as the f i rs t iteration fo r B LUE with 

an ini t i al k value o£ zero . However to  ob tain a s o lut ion 

the res t r ic t ion that the las t herd- s i re subc l as s  effe c t  is 

zero was impos e d . This was simply achieved by de leting the 

las t row and column for the las t her d- s i re s ubclas s  f rom the 

no rmal equati ons . Es t ima tes a s s uming this mode l were 

ob tained fo r only Augus t tes t - day records . 

1\ 
Tab le 3 s hows the B LUE es t imates b ob tained f rom the 

las t i terat ion £or the thr ee te s t  mon ths Augus t ,  S e ptembe r  

and Oc tobe r .  S tandard e rrors we re ob taine d for the s e  

e s t imates by us ing the r e l at ions h i p , 

Sb . l 
= );:.2 X g . .  

e 1 1  - - - - ( 24 ) 

where g . .  is the i th l l  
( X ' X  - X ' Z P- l 

Z ' X ) - 1 
diagonal e lement of the inve r s e  mat r ix 
1\ 2  er is the es timated error  var iance and e 

Sb . is the s tandard e r ro r  of the i th element o£ b .  l To tes t 

is regre s s ion coeff ic ients are s i gnifican t ly diffe rent from 
/1. 

zero the r a t io t = b . /Sb . was computed wi th an infini te l l 
number o £  de grees of f reedom . 
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Figure 3 .  Es timates of the par tial regress ion 

coeff icient , b i l ' the regre s s ion of d ays in milk 

on Augus t tes t day milk yield , as ob t a ined a t  the 

end of each i t e ra t i on . 

lb mi lk/ 
day in 
m i lk2 

. . 

- . 0045 

- . OOSG 

- .  0055 

- .  006 0 

0 

., I . . ' 
I ., . ,.... ...... . 

.. . . . . . . . . . 
. . . · · ···  . . . . . . . . . . . . . . . . .. . . . . . . . .  . 

,)' ... ... , - - -/ . ' " - - - - - - - - - - - - - - - - - -, I · - .  

/ 
I 

. - .  
I -· -·-· - · - · - · - · -· - · -

1 2 3 4 5 6 7 8 
ITERAT ION 

Figure 4 .  Es t imates of the par t ia l  re gres s ion 

coeffic ient ,  b i2 ' the regress ion of days in mi lk 

s quared on Augus t tes t day mi lk y ie ld , as ob tained 

at the end of e ach i terat ion . 
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Tab le 3 .  

B LUE e s t imat es of the affect of age and days in mi lk and 

days in mi lk s quared on t e st day mi lk yie ld , fat yie ld and 

mi lk fat percent age . 

( a )  Te st day mi lk yie ld ( �b s ) .  

Mont h 

Augus t  

Sept embe r 

Oct ober 

Age 

2 

3 

4 

5 - 9  

2 

3 

4 

5 - 9 

2 

3 

4 

5 - 9  

+ ,u + a .  - SE ]_ 
+ 

1 9 . 4  0 . 5  
+ 

24 . 0  0 . 5  
+ 

2 6 . 1  0 . 5  
+ 2 7 . 2 0 . 4  

+ 
2 1 . 1  0 . 6  

2 7 . 2  :!: 0 . 6 

3 0 . 5  :!: 0 . 7 

3 0 . 9  :!: 0 . 5  

+ 
2 4 . 4  0 . 6  

3 0 . 6  :!: 0 . 6  
+ 

32 . 4  - 0 . 7  

34 . 3  :!: 0 . 5  

(b ) Test day fat yie ld ( lbs ) .  

Mont h Age 

August 

Sept ember 

Oct ober 

2 

3 

4 

5 - 9  

2 

3 

4 

5 - 9  

2 

3 

4 

5 - 9  

+ 
0 . 87 . 03 

+ 
1 . 12 . 04 

+ 
1 . 2 7 . 04 

+ 
1 .  24 • 03 

0 . 96 :!: . 03 
+ 

1 . 1 9 . 04 

1 . 3 7  :!: . 04 
+ 1 . 3 6  . 03 

+ 
1 . 14 . 04 

+ 
1 . 3 8  

1 . 5 2 

. 04 
+ 

. 04 
+ 1 .  5 1  . 03 

b 
+ 

SE i 1  

0 . 24 
+ . 04 * *  
+ 

0 . 2 8 . OS ** 

0 . 2 9  :!: . 05 ** 
+ 

0 . 2 8 . 04 ** 

0 . 15 : . 03 ** 
+ 

0 . 14 - . 03 ** 
+ 

0 . 12 - . 03 ** 

0 . 1 6 :!: . 02 * *  

- . 0006 ! . 02 
+ 

- .  013 - . 02 

0 . 02 8  : . 02 

0 . 01 6  :!: . 02 

b :!: SE i2 
+ - . 0035 - . 0006 * *  

- . 005 1 :!: . 0008 * *  
+ 

- .  0054 - . 000 9 * *  
+ 

- . 0044 - . 0006 * *  

- . 00 1 6  :!: . 0003 * *  

- . 0022 :!: . 0003 * *  

- . 001 8 :!: . 0004 * *  

- . 002 1 :!: . 0002 * *  

+ 
- . 0001 7 - . 0001 

+ 
- . 00045 - . 0001 * *  

+ 
- . 00076 - . 0002 * *  

+ 
- . 00061 - . 0001 * *  

+ + 
0 . 01 8  - . 002 * *  - . 0002 5 . 00004 * *  

0 . 01 6 :!: . 003 * *  - . 0002 5 :!: . 00005 * *  

0 . 0 1 3  � . 003 * *  - . 0002 8 :!: . 00005 * *  

0 . 01 9  
+ 

. 002 * *  - . 0002 8 :!: . 00004 * *  

0 .  010  :!: . 001 * *  - .  000093 !: . 00002 * *  

0 . 01 1  
+ 

. 002 * *  - . 00012  
+ 

. 00002 * *  
+ + 

0 . 01 0  - . 002 ** - . 00012 . 00002 * *  

0 . 012 + 
. 001 * *  - . 00013 :!: . 00002 * *  

0 .  002 1 
+ 

• 001 - .  00001 5  :!: . 0000 1  

0 . 002 8 
+ . 00 1 * - . 00003 1 :!: . 0000 1 * *  

0 .  0041 
+ 

• 001 * *  - .  000044 :: . 00001 * *  

0 .  0064 
+ 

. 001 * *  - .  00005 7 :: • 00001 * *  

* Sig . differ e nt f r om 0 . 0  at . 5% leve l . 

* *  S ig . different from 0 . 0 at . 1% l eve l . 
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( c ) Te s t  day fat percent age . 

Mont h Age ,.u + a .  :!:" SE l 
August 

September 

Oct ober 

Tab le 4 .  

2 

3 

4 

5 - 9 

2 

3 

4 

5 - 9 

2 

3 

4 

5 - 9 

+ 
4 . 5  0 . 1 

4 . 7  

4 . 9  

4 . 6  

+ 

+ 

+ 

0 . 1  

0 . 1 

0 . 1  

+ 
4 . 6  0 . 1  

4 . 5 

4 . 5  

4 . 5  

4 . 7  

4 . 5  

4 . 7  

4 . 5  

+ 

+ 

+ 

+ 

+ 

+ 
+ 

0 . 1  

0 . 1  

0 . 1  

0 . 1 

0 . 1 

0 . 1 

0 . 1 

4 1 . 

+ 
bi 1  

- SE 

0 . 030 + . 005 ** 
+ 

0 . 005 
+ 

. 007 

. 007 - . 008  

0 . 0 1 8  
+ 

. 005 ** 

+ 
0 . 012 - . 003 ** 

0 . 01 1  + . 004 * 

0 . 01 1  

0 . 013 

+ 

+ 
. 004 * 

. 003** 

0 . 0084 � . 003 * 

0 .  0 1 1 3  � . 003 * *  

0 .  0079 � . 003 

0 .  0142 � . 002 * 

b � SE i2  

- . 0003 9 
+ 

. 00 008 ** 
+ 

0 . 00004 - . 0001 
+ 

0 . 00023 - . 000 1 

- . 00022 � . 0000 8 * *  

- . 000055 � . 00003 

0 .  000002 ::!: • 00004 

- . 00005 4 � . 00005 

- . 000054 � . 000 03 

+ - . 00001 8 - . 00002 
+ 

- . 0000 1 9  - . 00003 

- . 000006 � . 00003 

- . 00005 7 � . 00002 * 

Est imat e s  of the affect of age , days in mi l k  and days ln 

mi l k  s quared on Augus t t e s t  day yield t rait s . The s e  e s t imat es 

were obt aine d  a s s uming t he affect of herd- s i re is fixed . 

Trait Age 

Mi l k  

Fat 

Fat % 

2 

3 

4 

5 - 9  

2 

3 

4 

5 - 9 

2 

3 

4 

5 - 9 

.Al + a . l 
2 1 . 30 

2 5 . 44 

2 8 . 3 7 

2 9 . 80 

0 . 91 

1 . 1 7 

1 . 3 7  

1 . 32 

4 , 23 

4 . 5 7 

4 . 81 

4 . 34 

bi 1  

0 . 1 92 6  

0 . 2571 

0 . 2 3 1 4  

0 . 1 82 1  

0 . 0 1 6 6  

0 . 0400 

0 . 0099 

0 . 01 62 

0 . 0349 

0 . 0024 

- . 0088 

0 . 02 3 5  

bi2 

- . 002 92 

- . 00484 

- .  0044 6 

- . 00306 

- .  0002 3 1  

- . 0002 33 

- . 0001 84 

- . 0002 3 6  

- . 000436  

0 . 000079 

0 . 00023 5  

- .  0002 74 

A .  l 
1 . 35 

1 , 14 

1 . 04 

1 . 00 

1 .  35 

1 . 1 5 

1 . 05 

1 . 00 

0 . 99 

1 . 00 

0 . 98 

1 . 00 



4 2 . 

Appendix tab les 4 ,  5 and 6 give the LSQE es t imates o£ 

the e lements o£ b £o r mi lk y iel d , £a t yield and mi lk £at 

percent age r e s pective ly . Thes e were ob t ained us ing a 

modified fo rm of the program R IANAL . The machine time 

required to  produce these es tima tes was about 1 /1 5 th o£ that 

required to produce B LUE es tima tes . S t andard e r ro rs were 

no t es timated because es timates o£ a- 2 unde r th is  mo de l e 
were no t avai lable . 

Tab le 4 s hows the es t imates o£ b ob tained as suming the 

affec t of herd- s ire is fix ed .  Thes e  es tima tes  were 

de termined for Augus t tes t day records only . 

ADJUST ING TEST- DAY RECORDS FO R AGE AND DAYS IN M ILK : 

The tes t months Augus t ,  S eptember , Oc tober and 

Novembe r 1 97 0  were chosen to evaluate the diffe rent me thods 

of expres s ing tes t day produc t ion . Es timates o£ the par tial 

regre s s ion coeffici ents of days in milk and days in mi lk 

s quared on tes t day y ie ld sh�wed cons is tant but  sma l l  

differences when es tima ted us ing B LUE compared with LSQE . 

The LSQE e s timates gene ra lly gave a c urve wh ich con t a ined a 

lar ger quadratic inf luence than did the BLUE es tima tes . 

Over the r ange of day s in milk encounteredy each tes t month , 

thes e di fferences were sma l l . B LUE es timates were used in 

th is s t udy as the bas is for addi t ive adj us tment fac tors in 

Augus t ,  September and Oc tober . 

es timates are given in t ab le 3 .  

Thes e par t ia l  reg res s ion 

S ince BLUE es tima tes wer e  

no t ava i l ab le fo r November , LSQE es timates given in appendix 

tab les 4 ,  5 and 6 were used fo r this month . 

Mul t iplicat ive age adj us tment £ac tors , were de rive d  

us ing e quat ion ( 1 7 )  and the averages of day s in m i l k  and days 

in mi lk s quared given in t ab l e  5 .  
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Table  5 .  

Average number o£ day s in milk ( dim ) and days in mi lk 

s quared ( dim2 ) fo r the tes t mon ths Augus t to May . 

dim 2 
Month dim Rang e 

Augus t 22 5 - 84 6 54 

Sep tember 42 5 - 1 1 0 21 04 

Octobe r  6 5  5 - 1 44 4 87 2  

November 98 5 - 1 82 1 0353 

Decemb e r  1 23 3 1 - 201 1 5 94 5  

January 1 56 6 5 - 233 25 1 73 

Feb ruary 1 86 94 - 272 353 81 

March 213  1 22- 292 46 049 

Apr i l  243 1 54 - 3 07 5 9 865  

May 264 1 85 -3 08 7 0340 

The se £act ors were de r ived from b oth the B LUE and LSQE 

est imat e s  o£ b as we l l  as £ or t he August e s t imat e s  £or t he 

fu l ly fixed mode l . The £act or s are given in t ab le 4 for t he 

fu l ly fixed mode l , t ab le 6 £or B LUE and LSQE and 1 n  appe ndix 

t ab les 4 ,  5 and 6 £or LSQE £or a l l  t est mont hs . The 

adj ustme nt £act ors de r ived from t he t hree set s o£ e s t imat es 

are very s i mi lar . I n  £act r oundi ng errors at t he second 

decima l  place acc ount £or most o£ t he differences . For t h i s  

s ample o£ dat a ignor i ng t he a££ect o£ herd - s i re ( LSQE ) 

g ives estimat e s  o£ t he fixed effect s and regre s s i on c oeffi c i e nt s  

s imi lar t o  th ose obt ained b y  c ons i dering t he e££ect o£ he rd­

s ire as random ( B LUE )  or  fixed . 

Als o g iven in t ab le 6 i s  t he t op line o£ e quat i on ( 1 7 ) 
for e ach age c l ass , t rait , met h od o£ est imat i on c ombinat i on .  

The s e  averages c ou ld be c ons i dered as point s on a st andard 

lact at i on curve £ or each age c l as s . 

T he age £act ors used t o  adj ust days i n  mi lk c orrected 

t es t  day records are t h os e  g i ve n  in tab le 6 based on LSQE 

est imat es . 
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Tab le 6 .  

Age adjustment £act ors and day in mi lk adjusted ave rages 

£or mi lk , £at and mi lk £at pe rcent ages .  

Mont h Method Age Age £act ors ( Ai ) Adjust e d  Ave rages 
Mi lk Fat Fat% Mi 1 k ( 1 b ) Fat ( 1 b ) Fat % 

August B LUE 2 1 . 3 6 1 . 3 6  . 99 22 . 5  1 . 1 1 4 .  92 

3 1 . 13 1 . 1 5  1 . 00 2 6 . 9  1 . 2 9  4 . 84 

4 1 . 05 1 . 05 1 . 00 2 9 . 1 1 . 41 4 . 8 7 

5 - 9 1 . 00 1 . 00 1 . 00 30 . 6  1 . 48 4 . 8 6 

LSQE 2 1 . 35 1 . 34 0 . 99 22 . 7  1 . 12 4 . 95 

3 1 . 14 1 . 14 1 , 00 2 7 . 0  1 . 32 4 . 8 9 

4 1 .  05 1 . 04 0 . 99 2 9 . 4  1 . 44 4 . 92 

5 - 9 1 . 00 1 . 00 1 . 00 30 . 8  1 . 50 4 . 8 8 

Sept ember B LUE 2 1 , 41  1 . 3 7  . 98 23 . 4  1 . 12 4 . 83 

3 1 . 14 1 . 14 1 . 00 2 8 . 9  1 . 3 6 4 . 75 

4 1 . 03 1 . 02 1 . 0 1 32 . 0  1 , 5 1  4 .  71 

5 - 9 1 . 00 1 . 00 1 . 00 33 . 1  1 . 54 4 . 76 

LSQE 2 1 . 3 9 1 . 3 7  . 98 23 . 9  1 , 1 9 4 . 95 

3 1 , 1 6 1 , 1 5 . 99 2 8 . 7  1 , 4 1  4 . 94 

4 1 . 05 1 . 04 . 99 3 1 . 7  1 . 5 6  4 . 91 

5 - 9 1 . 00 1 . 00 1 , 00 33 . 3  1 . 63 4 . 8 9 

Oc t ober B LUE 2 1 . 3 7  1 . 3 6  0 . 99 23 . 5  1 , 2 0  5 . 1 8 

3 1 . 1 7 1 . 1 6 0 . 99 2 7 . 6  1 . 4 1  5 . 1 4 

4 1 . 06 1 . 05 0 . 9 9 30 . 5  1 . 5 7 5 , 1 7 

5 - 9  1 . 00 1 . 00 1 . 00 32 . 4  1 . 64 5 . 10 

LSQE 2 1 . 3 8 1 . 3 6  0 . 99 2 3 . 6  1 . 2 2  5 . 1 9 

3 1 . 1 7 1 . 1 6 0 . 9 9 2 7 . 8  1 . 43 5 . 1 7 

4 1 . 06 1 . 05 0 . 98 30 . 7  1 . 5 9 5 . 2 1  

5 - 9 1 . 00 1 . 00 1 . 00 32 . 6 1 . 67 5 . 1 3 

November LSQE 2 1 . 3 6  1 . 35  0 . 99 2 2 . 9  1 , 22 5 . 34 

3 1 . 1 8  1 . 1 7 0 . 99 2 6 . 3  1 . 4 1  5 . 38 

4 1 . 07 1 . 05 0 . 98 2 9 . 2  1 . 5 7  5 . 40  

5 - 9  1 . 00 1 . 00 1 . 00 3 1 . 1  1 . 64 5 . 3 1  
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The program A DAY C ORRECTI ON was used t o  adjust a l l  t e s t  

day records in  the orig ina l  s ample us ing "ni l " fact ors . 

These "ni l "  fact ors c ons i s t ed of ze ro f or a l l  t he reg res s i on 

co effic i e nt s  and uni t y  for a l l  age adjustment fact ors . T he 

test  day averages f or each age c lass and mont h of t e s t  of 

t hese adj usted rec ords was t he s ame as t hose obt ained fr om 

t he e lement s of the X ' X and X ' Y mat rices  as is  g iven in 

appendix t ab les 1 ,  2 and 3 .  From these  ni l adjusted ( NA )  

records variance c omponent s were est imat ed as sumi ng t he 

mode ls g iven by equat i ons ( 2 1 ) and ( 22 ) .  

Again us ing t he pr og ram A DAY C OR RECT I ON the age , days 

in mi l k  and days i n  mi l k  s quared adjustment fact ors al ready 

des c r ibed we re app li e d .  The t e s t  mont h ave rages of t he s e  

adj us t ed rec ords are g ive n in t ab le 7 .  These adjusted 

ave r ages show no c ons i s t e nt t rend with age . Vari ance 

c omponent s assumi ng t he mode ls g iven by equat i ons ( 2 1 ) and 

( 2 2 ) we re est i mat ed for t hese adj us t ed rec ords . 

Tab le 7 .  

Test day ave r ages of rec ords adj usted for days in mi l k , 

days in  mi lk squ ared and age . 

T rait Age 

M i l k  2 

Fat 

3 

4 

5 - 9  

2 

3 

4 

5 - 9 

Fat % 2 

3 

4 

5 - 9 

August 

3 0 . 7 

30 . 4  

3 0 . 7  

3 0 . 6  

1 . 52 

1 . 5 1  

1 . 5 1  

1 . 49 

4 . 89 

4 . 89 

4 . 92 

4 . 88 

Mont h 

Septemb e r  

33 . 8  

32 . 6  

32 . 6  

33 . 3  

1 .  63 

1 . 61 

1 . 58 

1 . 62 

4 . 85 

4 .  94 

4 . 96 

4 . 88 

of t est 

Oct ober Novemb e r  

32 . 4  3 1 . 4  

32 . 5  30 . 8  

32 . 6  30 . 6  

32 . 6  3 1 . 1  

1 . 66 1 . 67 

1 . 6 6 1 . 65 

1 .  6 7  1 .  64 

1 . 67 1 . 64 

5 . 09 5 . 34 

5 . 12 5 . 2 8  

5 . 1 4 5 . 35 

5 . 13 5 . 3 1  
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The vari ance c omponent s  given in t ab le 8 for adjust e d  

and ni l adjust e d  t es t  day rec ords ass uming t he mode l given b y  

equat i on ( 2 1 )  we re det e rmined us ing t he ent ire s ample of 

test  day recor ds . I t  is  obvious t hat t he sire c omponent 

of variance has been ove rest imat ed e s pe c ially for t he ni l 

adj usted records . These variance c omponent s show t hat 

adjus t i ng rec ords f or age and days in mi lk reduce the s i re 

component of var iance . This is probab ly due t o  a c onfounding 

of t he affect of age and days 1n mi lk wit h  he rd and s i re . 

Howeve r it is doubt fu l if much can be c onc luded from var i ance 

c ompone nt s which are obvious ly seri ous ly biased . For t h i s  

reas on the variance c ompone nt s of t he adjusted rec ords were 

re -est imat ed using only t hose rec ords wi th an A . B . 

{ Art ificial Breeding ) s i re c ode . This limit at i on shou ld 

he lp ensure that each s i re i s  repres e nt ed by records in more 

t han one herd and perhaps reduce biases  in t he variance 

c omponent e s t imat es . Tab le 10 shows the c las s and subc lass 

s i zes for t he s ample inc ludi ng a l l  rec ords and for the 

s ample inc luding rec ords wi t h  only AB s i re c ode s . The 

average number of herds in which each s i re is represent ed 

has bee n increased from an average of less  t han 2 herds t o  

g reat e r  than 4 he rds each t e st mont h by exc ludi ng non A . B .  

s i re c oded rec ords . 

T he variance c omponent estimat e s  for this  limited sample 

of t he adj us t ed recor ds is given in t able 9 .  The 

c or responding var iance c ompone nt s f or test  day mi lk yie ld 

and mi lk fat percent age are g iven in appe ndix t ab les 7 and 8 .  
. . . . . . 4 A 2 1 ( 1\ 2 1\ 2 ) . 

W1 t h1n herd he r 1  t ab1 l1 t y  est 1mat ed as x cr- er + er l S  s s e 
given in t ab les 8 and 9 and appendix t ab le 7 and 8 for the 

c or respondi ng variance c ompone nt s .  The her it ab i l i t y  est imat e s  

f or the s ample of A . B . s ire c ode d records show an i nc rease 

f or adj us t e d  t es t  day yie ld (Z . . k£ )  and accumu lat ive t est day l J  
yie ld ( t p  . . k£ )  from August t o  l at er test mont hs . T his t rend l J  
i s  not apparent for t he herit ab i lity of t e s t  day ranking 

( R  . . k£ ) .  l J  Test day ranking and accumu lat ive ranking c ont ain 
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Tab le 8 .  

Variance component e s t imat es ass uming t he mode l give n  by 
equat ion ( 2 1 ) for t e st day fat yie ld me asures which have ( AD ) 
and have not ( NA )  been adj u s t e d  for age , days i n  mi lk and 
days i n  mi lk s quare d .  

1\ 2 A 2  1\ 2 2 h2 Measure Mont h � (J �s (J s e 
2ijk£ August NA 0 . 042 0 . 02 5  - . 002 7 0 . 083 . 93 

AD 0 . 049 0 . 008 - . 000 7 0 . 089 . 33 

September NA 0 . 046 0 . 03 5  - . 01 1  0 . 096 1 . 07 

AD 0 . 05 1  0 . 0 1 7  - . 012 0 . 106 . 55 

Oct obe r  NA 0 . 044 0 . 043 - . 01 7  0 . 098 1 . 22 

AD 0 . 050 0 . 023 - . 0 15 0 . 1 05 . 72 

November NA 0 . 03 2  0 . 034 - . 004 0 . 086 1 . 1 3 

AD 0 . 03 7  0 . 014 - . 002 0 . 090 . 54 

t pi j k£ August NA 3 7 . 9 2 2 . 6  -3 . 0  74 . 9  . 93 

AD 23 . 9  3 . 9  0 . 1 43 . 5  . 33 

September NA 1 3 8 . 8  1 07 . 8  -22 . 5 300 . 6 1 . 05 

AD 75 . 6  2 3 . 1  - 9 . 9 1 60 . 2  . 50 

Oct ober NA 302 . 9  301 . 8  - 1 09  654 . 1  1 . 2 5 

AD 1 75 . 1  81 . 3  -50 . 1 3 66 . 7  . 72 

November NA 536 . 7  488 . 5  - 2 9 6  924 . 7  1 . 40 

AD 406 . 1  148 . 4  - 9 . 2  62 3 . 3  . 78 

R
. " kf  l J 

August NA -3 5 . 3  68 . 3  75 . 3  45 7 . 7  . 52 

AD - 1 7 . 6 1 1 . 7  3 7 . 0  400 . 7  . 1 1 

Sept embe r NA -2 3 . 9  90 . 8  3 5 . 3  46 9 . 7 . 65 

AD - 7 . 7  2 8 . 9  -4 . 0  41 7 . 7  . 2 6 

Oct ober NA -22 . 7  87 . 9  4 5 . 1  449 . 9  . 65 

AD - 7 . 7  20 . 7  1 6 . 3  3 88 . 7  . 20 

November NA -2 . 3  1 00 . 3  4 6 . 9  404 . 1  . 79 

AD 1 0 . 9 3 3 . 2 1 4 . 2  340 . 0  . 3 6 

RI .  " kf  l J  August NA - 7 . 3  2 2 . 5  2 2 . 2 133 . 7  . 5 8 

AD - 1 . 9  5 . 4 1 0 . 5  1 1 6 . 6  . 1 8 

Sept emb e r  NA - 5 . 6  3 8 . 2  13 . 0  1 5 8 . 3  . 78 

AD 1 . 7  8 . 2  3 . 1  95 . 5  . 3 1 

Oct ober NA - 7 . 4  5 0 . 6  2 0 . 4  149 . 4  1 . 0 1 

AD 0 . 43 1 5 . 9  0 . 36 1 48 . 6  . 38 

Novemb e r  NA 8 . 8  71 . 1  2 5 . 7  1 74 . 1  1 . 1 6 

AD 1 6 . 3  2 5 . 9  6 . 5 140 . 9 • 62 
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Table 9 .  

Var i ance component es t ima tes fo r tes t day fat  y ield  

reco rds adj us ted for age , days in milk and days in mi lk 

s quared . These e s t ima tes were ob taine d  from a s ampl e  of 

tes t day r ecords w i th A . B . s ir e  codes . 

Meas ure Month 

Augus t 

Septembe r 

Oc tober 

November 

tpi jkf Augus t 

S ep tember 

Oc tober 

Novemb e r  

August 

Sep tember 

Oc tober 

Novemb e r  

R i i j kf Augus t 

September 

Oc tober 

Novemb er 

Tab l e  1 0 .  

" 2  1\ 2  1\ 2 
a:­hxs � � 

0 . 0443 

0 . 0434 

0 . 0425 

o .  03 1 5  

21 . 4  

6 6 . 3  

1 3 5 . 6  

297 . 1  

- 22 . 2  

- 4 . 7  

- 6 . 2  

- 1 . 5 

-4 . 21 

1 . 4 

1 . 0 

2 . 5  

0 . 005 2 0 . 006 2 

0 .  0085 0 .  01 02 

0 . 0145 - 0 . 01 09 

0 . 0089 0 . 003 8 

2 . 45 

1 5 . 33 

5 2 . 3 8 

86 . 25 

29 . 3  

26 . 6  

22 . 7  

20 . 5  

1 1 . 4  

14 . 3  

1 6 . 9 

1 5 . 1 

3 .  05 

- 1 5 . 58 

- 3 0 . 23 

75 . 1  

20 . 8  

- 27 . 7  

2 . 9 

35 . 2  

3 . 8 

-6 . 7  

- 1 . 7 

24 . 8  

1\ 2 () e 

0 . 0901 

0 . 1 081 

0 . 1 027 

0 . 083 1 

43 . 43 

1 80 . 16 

379 . 8  

6 24 . 1 

435 . 4  

44 1 . 1 

398 . 1  

3 1 4 . 9  

1 3 1 . 5  

1 41 . 9  

148 . 0  

1 27 . 5  

1\ 2 
h 

. 22 

. 29 

. 49 

. 3 8  

. 21 

. 3 1 

. 48 

. 48 

. 25 

. 23 

. 22 

. 24 

. 3 2  

. 37 

. 41 

. 42 

Numb ers of c las s e s  in the c l as s ifications us ed for 

analyses  of  var iance as suming the mode l g iven by equa tion ( 21 ) .  

( a )  Including al l records . 

Month Herds S ires Int e r ac t ions To tal obs . 

Augus t 1 7 8  1 25 0  2 1 3 9  4 844 

Sept emb er 1 8 5  1 538  3 05 1 8 06 6  

Oc tobe r 1 90 1 6 64 3332 9 1 6 8 

Novemb e r  1 93 1 7 1 3 3587 1 2802 

( b ) Inc luding only records with an A . B . s ire code . 

Month Her ds S ires I n te r ac t ions To tal ob s . 

Augus t 1 1 1  358 1 17 2  1 95 8  

September 1 25 445 1 825 2924 

Oc tober 1 3 0  466 1 97 0  3 1 07 

Novemb e r  1 3 6  4 8 7  2174  4435 
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T ab le 1 1 . 

Es t ima tes var i ance components ass uming the mode l given by 

equat ion ( 22 ) for two meas ures of m i lk yie l d ,  fat y i e ld and 

mi lk fa t per centage . Es timates f o r  a samp le of a l l  tes t day 

records adj us ted ( AD )  and not adj us ted ( NA )  for age , days in 

mi lk and day s  in mi lk s quar ed . 

Trai t 

Milk 

Fat 

Fat % 

Comp . 

He rd 

S i re 

HxS 

Cow 

Err o r  

Tot a l  

Herd 

S i re 

HxS 

Cow 

Error 

To tal 

Herd 

S i re 

HxS 

Cow 

Error 

To tal 

Tab le 1 2 . 

NA Z ijkf 
9 . 3 

1 1 . 6  

- 1 . 5 

1 8 . 6 

1 0 . 3  

48 . 3  

0 . 03 6  

0 . 036 

- . 01 2  

0 . 046 

0 . 048 

0 . 1 54 

0 . 1 49 

0 . 1 40 

- . 1 06 

0 . 1 1 0 

0 . 33 6  

0 . 62 9  

Measure of produc tion 

AD z
ijkf 

1 4 . 0  

6 . 7 

- 3 . 8  

1 7 . 3  

8 . 3 

42 . 5  

0 . 041 

0 . 01 6  

- . 009 

0 . 043 

0 . 056  

0 . 1 47 

0 . 1 5  

0 . 1 4 

- . 1 1  

0 . 1 1 

0 . 3 1 

0 . 6 0 

NA Rijkf 
47 . 7  

1 47 . 5  

- 1 5 . 0 

246 . 0  

61 . 0 

487 . 2  

49 . 2  

145 . 5  

- 24 . 4 

221 . 8 

188 . 1  

580 . 2  

68 . 0  

73 . 8  

- 5 9 . 0  

53 . 8 

81 . 6  

21 8 . 2  

AD Rijkf 
64 . 2  

76 . 8  

- 47 . 0  

1 83 . 0  

53 . 8  

33 0 . 8  

63 . 3  

8 1 . 3  

- 53 . 7  

1 73 . 8  

1 7 8 . 3  

444 . 0  

6 8 . 2  

74 . 0  

-59 . 9  

47 . 4  

8 0 . 7  

21 0 . 4 

Es t imated var iance components assuming the mode l g iven by 

equation ( 22 ) 
Trait  

Mi lk yie ld 

Fat  yie ld 

Mi l k  fat % 

for the s ampl e  of 

Meas ure 

2
ijkf 

Rijk£ 

2
ijkf 

R ijk£ 

" 2 at; 
1 0 . 43 

1 5 . 0  

0 . 0345 

1 2 . 98 

0 . 1 084 

1 5 . 33 

reco rds 
/\ 2  cr-s 

3 . 7 0  

29 . 3  

w i th A . B . 
1\ 2 

0hxs 
- 2 . 2  

- 1 0 . 4  

s ir e  
A 2  er­e 

1 7 . 6  

1 8 9 . 6  

codes . 
1\ 2  o-e 
1 3 . 1  

86 . 8  

0 . 01 1 4 - . 0085 0 . 041 0 . 06 7 6  

3 1 . 23 - 1 3 . 8  175 . 7  21 4 . 6  

0 . 1 005 - . 077 0 . 1 07 0 . 336 

26 . 04 - 1 6 . 7  5 0 . 27 1 09 . 7  
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a small var iance componen t due t o  he rd . This  is no doub t  

due to the expres s ing of tes t day produc tion re lative t o  the 

herd average . November records fo r a l l  meas ures contain a 

rel ative ly large pos i tive herd x s ire interac t ion var iance 

c omponent . 

As s uming the mode l given by equation ( 22 ) 1 vari ance 

components we re es timated from the complete s ample of 

adj us ted and nil adj us t ed records . The resu l ts of these 

an a lyses ar e shown in t ab le 1 1 .  The analy s is was r epeated 

on the adj us ted r ecords wi th AB s i re codes . The res u l ts 

of this analysis are given in tab le 1 2 .  T ab le 1 3 g ives the 

number of clas s e s  and s ubc lasses  fo r each of the s ample s . 

Es timates of within he rd her i t ab i l i ty we re c alcu lated as 
A 2  I ( 1\ 2  1\ 2  A 2

) d . . . . 4 u a- + a- + a- an the w1 th1n he rd , w1 th1n y e ar s s c e 
repeatab ility was c alculated as � 2 I ( � 2 + cP-- 2 ) .  Tab l e  1 4  

c c e 
g ives thes e heri tab i l i ty and repeatab i l i ty e s t imates . 

Table 1 3 .  

Number of c l as se s  and s ub c las ses for analy ses of 

vari ance as suming the mode l given by equation ( 22 ) . Numb e rs 

for analyse s inc ludi ng all records ( ALL ) and inc l uding those  

with AB s ire codes only (AB ) .  
Analys is 

ALL 

AB 

Tab le 1 4 . 

Herds 

214  

1 54 

S ires 

1 8 06 

5 1 9  

HxS 

4099 

26 07 

Cows 

1 1 5 1 0 

4440 

Reco rds 

34883 

1 1 93 2  

Repeatab i l i ty and heri t ab i l i ty of Z
ijkf and Rijkf fo r 

the four tes t months Augus t to Novemb er i nc lus ive for adj us ted 

r eco rds . 

2
ijkf 

h
2 

Rijkf 
h

2 
Trait  r r Analys is 

ALL Mi lk y i e ld 0 . 67 0 . 82 0 . 77 0 . 97 

Fat y i e l d  0 . 43 0 . 55 0 . 5 4  0 . 7 5  

Milk fat % 0 . 35 1 . 00 0 . 40 1 . 5 0  

AB Milk yie ld 0 . 57 0 . 43 0 . 6 8  0 . 3 8  

Fat y i e l d  0 . 3 8 0 . 3 8  0 . 45 0 . 29 

Milk f a t  % 0 . 24 0 . 74 0 . 3 1  0 . 56 
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For a l l  t raits he ri tab i l i ty is g reater for adj us ted tes t 

day y ie ld (Z ijkf ) th an tes t day ranking ( Rijkf ) when the 

A . B . analy s is is us ed . The ana lys is us ing a l l  tes t day 

reco rds g i ves inflated he r i tabi l i ty values . The wi thin 

herd , wi thin year repeatab i l i ty of tes t day r anking is 

g reater th an for the adj us ted tes t day record for  a l l  t r a i ts . 
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DISCUSS ION 

ESTIMAT ION PROCEDURES 

For the model given on page 24 BLUE wil l es timate age 

effe c ts free o f  b iases due to s ir e  s el ec t ion . The BLUE 

es timates as ob t ained in this s tudy may contain b i as e s  due 

to cow culling . Howeve r these could be remove d  by a s l ight  

modifi cation o £  the mode l and by fi t t ing i t  over several  

years . The modified mode l s ugges t i s  given by 

= 2 p + a .  + c . + b . 1 x X . . k 
+ b .  2 x X . .  k + e . .  k 1 J 1 1J  1 1] 1 ]  

- - ( 25 ) 
whe re all e leme n ts except c .  and e . . k are as defined on J 1 ]  
page 24 . c .  is a r andom a££ect peculiar to a record 1n the J 
j th herd - s i r e  - cow s ubc l as s  and i s  normal ly and 

independant ly di s t ributed wi th mean zero and var iance cr 2 
c 

e . . k is an e r r o r  e l emen t  pecul i ar to  the k th record made by 1 ]  
the j t h  cow . The e s timates o£ ? + a .  ob t ained under this 1 
mode l would b e  f ree of the bias es due to cow cu l l ing and s ire 

s e lec tion . 

Ob t aining BLUE es timates o £  fixed effects and r e gres s ion 

coefficien ts us ing the me thod des c r ibed by Thompson ( 1 96 9 ) 

has proven to be comput ationa l ly expens ive when compared 

leas t s quar e s  es tima tes as s uming a s impler mode l . Figur e s  

1 ,  2 and 3 s how tha t  the es timates are relative ly ins ens itive 

to  change s in the value o£ the r a tio k with s uc ceeding 

i te ra tions . Thes e es timates ob tained at the end o£ each 

i teration are not BLUE but are condi tional ly ( condi tional 

upon the val ue o£ k )  unb i ase d . From figure 2 a change in 

the value o£ k 
from 0 . 8  ( for i te ration 2 )  to 1 . 3 ( £o r  i te r at ion 

9 )  resu lts in virtu al ly no change in t he es timates o£ p + 

Thi s indic ates that including herd- si re in t he mode l as a 

r andom e lement has l i t t le inf l uence on the f ixed e££e c t  

a . •  1 

es timates . This  is confi rmed when herd- sire  i s  as s umed f ixed 

and the es timates in t ab l e  4 are ob tained . The affec t  o£ age 

when expres sed as the r a tio given by equation ( 1 7 )  b e ing 

i dentical with thos e given in t ab le 6 .  Thu s  i £  herd- s i re i s  

considered fixed o r  r andom makes l i t t le difference to  t he 

resulting e s tima te s  o£ fixed age effects . 
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I£  cons ide ring he rd- s i re as fixed ver sus consi de ring 

he rd- s i re as r andom has li t t le influence on the e s tima tes o£ 

age e££e c t  wha t  happens i£ herd- s irl is i gno red? The LSQE 

es timates given in appendix t ab les 4 ,  5 and 6 are b as ed on a 

mo de l whi ch i gnores herd- s i re . The age £ac tors g i ven in 

t ab l e  6 c lear ly s how that the s e  are ver y  s imi l ar to thos e 

ob t ained us ing BJCUE .  Fo r the s ample o£ data used i n  this 

s tudy i t  thus appear s that es timates o£ the a££e c t  o£ age on 

tes t day pr oduc tion ob t ained by i gnoring the inf luence o£ 

her d- s ire are equival ent to BLUE es timates in the b i ases  

they con t ain ( i£ any ) .  This immediately raises  the 

ques tion , i£ there has been a r apid improvement in the 

"produc t ive abi l i ty "  o£ bulls  us ed in s tandar d AB s er vice 

ove r recent ye ars , why are the LSQE es timates no t b i as e d? 

Tab le 1 3  indicates tha t approx imate ly l /3 r d  o£ the 

records in the s ample had AB s ire codes . This  £ac t alone 

woul d  tend to di lute any affec ts o£ AB s ire impr ovemen t .  

Howeve r by the nature o£ the age c las ses  us e d  cow culling 

may have cancel l ed the a££ec t o£ AB s ire impr ovement .  This 

is due to many o£ the o lde r AB s i re s  ( and thus suppos edly 

inferior  in produc tive ab i l i ty ) being repre s en ted by reco rds 

in only the 5 - 9  year o l d  age c l as s . These 5 - 9  year o lds will 

not be a repres en ta tive s ample o£ the daugh te r s  o£ these s i res 

and as a resul t thi s s e lec tion wi l l  inflate the es timated 

average "produc tive abi l i ty "  o£ the 5 - 9 year o lds so as t o  

c ance l the s uperio rity o £  the s i res o £  the younger cows . 

The ne t t  a££e c t  being that in this s ample the aver age herd- s i re 

e££ec t  £or e ach age c l as s  is  the s ame and not l ar ge r  £o r the 

younge r animal s as expe c t e d .  

A dif fe rence o £  perhaps s ome impor tance be tween the 

e s timates ob tained ass uming the three mode ls is in the 

regre s s ion coefficients . The LSQE es timates cons is t�n t ly 

g ave a mo re s harply parabolic curve than did the BLUE es t imate s . 

The ful ly f ixed mode l g ives the leas t sharply parab o l ic curves 

for Augus t tes t day records . The ac tual diffe rences are smal l 

over the r ange o£ days in milk £o r e ach tes t mon th . An 
explanation £or this phenomena could no t b e  found . 
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Befo re adopting LSQE as a procedure fo r es timat ing the 

a££ect o£ age and day s in milk the mode l g iven by e quation 

( 25 )  s ho uld be f i t ted as s uming c .  is r andom , fixed o r  i gno re d . J 
BLUE e s timates will  be expens ive to ob t ain but because they 

ar e "optional " they provi de a good s t andard £or evaluating 

less expensive e s t imates . 

THE EST IMATES 

The �£ £ec t  o£ days in milk and days in mi lk s quared on 

tes t day yield is inf luenced by tes t mon th . This  conc lus ion 

is reached des pi te a confounding o£ tes t month wi th days in 

milk . For example refe r ring t o  t ab le 3 the affects  o£ d ays 

in milk on tes t day £at yield show l arge ( r e lative to 

s tandard errors ) diffe rences in l inear and quadratic componen ts 

between Augus t and September tes t mon ths . The mos t log ical  

expl anation being that the envi ronment preceeding the Augus t 

tes t day is cons ide rab ly di fferen t from that pre ceeding the 

September tes t  day r ecor d .  S o  that a cow in milk 1 0 day s  

in Augus t wi l l  b e  yie lding rel ative ly l ess than a herd mate 

in mi lk 30 days in Augus t than when the s ame comparison is  

made in S eptember . 

In the l ater  tes t months £o r which LSQE es t imates only 

are available an a t tempt was made to  e s timate s tandar d e r r o rs 

of the regres s ion coeffic ien ts . This invo lved ass uming a 

value £or o- 2 and c alculating the s tandard error  as e 

Sb .  J.. 
= J �2 p . . J.. J.. - - - ( 26 ) 

where p . .  i s  the i th diagonal e l emen t  o£ the inve rs e mat r ix 

[ J 1 J.. J.. 
X ' X - and Sb . is J.. t he s tandard e rror o£ the i th e lement o£ 

b .  Tab le 1 5 shows the ass umed 

e r rors for a l l  age c lass es . 

2 er and approximate s tandard e 
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Tab le 1 5 .  

Approx imate s tandar d erro rs for linear ( Sb 1 ) and 

quadr atic ( Sb
2

) regres s ion coefs . 

Yield t r a i t  

Month Mi lk Fat Fat % 
2 Sb 1 Sb

2 
2 Sb

1 
Sb

2 
2 

Sb 1 Sb 2 er er- (J 
e e e 

November 20 . 01 4 . 0001 . 1 0  . 001 . 00001 . 40 . 002 . 00001 

December 1 8 . 023 . 0001 . 09 . 002 . 00001 . 40 . 003 • 00001 

January 16 . 026 . 0001 . 08 . 002 . 00001 . 40 . 003 . 00001 

Feb ruary 1 4 . 032  . 0001 . 08 . 002 . 00001 . 40 . 005 • 00001 

March 1 2  . 043 . 0001 . 07 . 003 . 00001 . 40 . 008 . 00002 

Apr i l  1 0 . 046 . 0001 . 07 . 004 . 00001 . 40 . 009 . 00002 

May 8 . 06 7  . 0001 . 06 . 006 . 00001 . 40 . 01 5 • 00003 

When these s tandard e r rors are c ons i de red in conj unction 

wi th the es timates given in appendix tab le s  4 ,  5 and 6 it c an 

be seen tha t  the regres s ions for the months January to May 

r ar e ly reach s i gnifi cance ( i . e . t '> 3 . 0 ) . Thi s  may be 

expec ted as the r ange o£ days 1n mi lk is limi t e d  ( s ee tab le 5 )  

for any s ingle tes t month and in the later months many cows 

are approaching the end of their l ac tation . More information 

with ac curate s t andard erro rs is needed f or thes e  l ater tes t  

mon ths before i t  c an b e  dec ided if the affec t o f  day s in mi lk 

is s i gnifican t  or no t .  

The re g re s s ions for Augus t and S eptembe r  do not s how 

s ignifican t differences be tween age c las s es . H oweve r fo r 

Oc tober the 2 year olds show gre a ter per s i s tency than the 

o lde r age c l asses . This  is in gene ral agreement  wi th the 

gre a te r  pe rs is tency fo r two y e ar o lds found previous ly . 

Figure 5 compares t he �!fee t of days in milk found in this 

s tudy with the �£fee t of s tage o£ l ac tation found by Cas t le 

( pers c omm ) . The cur ves are for 2 year olds only and 

illus t r a te that a s ingle s e t  o£ s tage o£ lac tation fac tors are 

no t l ikely to  take accoun t  o f  the affec t  of d ay s  in mi lk 

obs er ved in this s tudy . I£ an at tempt is to be made to 

adjus t tes t day r ecords fo r day s  in mi lk then month of tes t 

should b e  taken into account in deciding i f  and t o  what ex tent 

adjus tment  f ac tors  should be used . Becaus e tes t month is 



Fat 
( lb ) 

1 . 4 

1 . 3 

1 . 2 

Oc tober 

1 . 1 1 
1 . 0 1 

·· December 

0 . 9  

0 . 8  

0 . 7  
Apr i l  

0 . 6 

Cas t le ' s  cur ve 

20 40 6 0  8 0  l OO 1 20 140 160  1 8 0  200 220 240 2 6 0  280 3 00 

Figur e 5 .  Af fec t  of day s  in mi lk on 2 year o ld tes t day f at yield fo r al ternate 
,.-

tes t months and as es timated by Cas t le ( per s  comm ) . 

U1 (j\ 
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par t ly confounde d  with s tage o£ l actation and par t ly wit h  

feed s uppl i e s  it  s e ems reasonab le to s ugges t that the affec t  

of days in milk and days in milk s quared may vary from year 

to year f o r  the s ame tes t mon th . I£ thi s is the c as e  t hen 

facto rs der i ved in one year may be of l i t t le value in 

subsequen t  year s . 

Adj us tment for  d ays in milk and days in mi lk s quared in 

this s tudy has been b as e d  on a s imple additive factor which 

is de te rmined by the amoun t by which a cows number of days 

in milk devi ates from the te s t  month average . Thes e  f ac tors 

are based on the assumpt i on that the l inear and quadr atic  

effec ts of days in mi lk are  independant of leve l of  produc t ion . 

I£ highe r  producing cows show a di fferent res ponse t o  days in 

mi lk from low producing cows then fac tors rel ated to  level 

of produc t ion may wel l  be j us t ified . Howeve r the evidence 

pr esen t ly avail ab le ( Wood ( 1 970 ) and S mith and Legates ( 1 96 2a ) ) 

is  ins uffic ient to indi cate a r e lationship o r  l ack of i t  

be tween leve l o f  produc t ion and the affec t o£ day s  in mi lk . 

The age fac tor s given 1n t ab les 4 ,  6 ,  appendix t ab les 

4 ,  5 and 6 are c al culated on a days in mi lk and day s i n  mi lk 

s quared adj us te d  b as is . To calculate fac tors s imi lar t o  

tho se o f  S e ar le ( 1 96 1 a )  i t  was ass umed tha t cows fi rs t tes ted 

i n  Augus t would have been in m i lk an ave r age of 1 0  day s in 

Augus t and plus 30 days for e ach subsequen t  month . Likewis e 

cows f i rs t tes ted in Septembe r are as sumed to  have been in 

milk 1 0  day s  when tes ted in S ep tember and plus 30 days for 

e ach s ub s equent month . On this  b as i s  age f ac to r s  we re 

c alculated us ing equation ( 1 7 )  for cows f i rs t tes ted in 

Augus t ,  S e p tembe r  and Octob e r  and are given in t ab le 1 6  fo r 

two ye ar o l d  cows . In t ab le 1 6  the f ac to rs es t imated by 

S e ar l e  are als o reproduced f o r  two year o lds . In b o th c as e s  

5 - 9  year olds e ach tes t month , month o f  firs t tes t comb ination 

have an age f ac tor  of 1 . 00 .  

The two s e ts o£ fac to r s  show s imilar t rends - dec l ine 

wi th l ater tes t months and l ar ge r  factors for late r  c al ving 

cows . However by May there i s  a l ar ge diffe rence be tween the 

two s e ts of f ac tors wi th S ear l e ' s  b e ing cons i de rab ly smaller . 
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T ab le 1 6 . 

Age f ac to rs de rive d  us ing e quat ion ( 1 7 )  and comparab le 

f i gures der ived by Searle ( 1 96 1 a ) . 

Mon th o£ 

tes t 

Augus t 

S eptember 

Oc tober 

November 

December 

January 

February 

March 

Apr i l  

May 

Present s tudy Sear le ( 1 96 1 a )  

Mon th o£ fi rs t tes t 

Aug .  

1 . 3 7  

1 . 37 

1 . 38  

1 . 35  

1 . 36 

1 . 3 2  

1 . 3 1  

1 .  26 

1 . 23 

1 . 25 

Sept . Oc t .  

1 . 4 1  

1 . 3 9  

1 . 38  

1 . 4 0  

1 . 34 

1 . 35  

1 . 3 2  

1 . 26 

1 . 2 9 

1 . 35 

1 . 38 

1 . 42 

1 . 3 9  

1 . 44 

1 . 47 

1 . 28 

1 . 26 

Month o£ fi rs t  tes t 

Aug . Sept . Oc t .  

1 . 3 6  

1 . 3 0  

1 . 27 

1 . 23 

1 . 21 

1 . 2 0  

1 . 1 8  

1 . 1 5 

1 . 06 

1 . 00 

1 . 3 2  

1 . 3 0  

1 . 27  

1 . 27 

1 . 23 

1 . 22 

1 . 2 0 

1 . 1 4  

1 . 09 

1 . 3 4  

1 . 34 

1 . 3 2  

1 . 3 2  

1 . 2 9  

1 . 28 

1 .  23 

1 . 1 7  

I £  one us es the May tes t day ave r ages given i n  appendix 

t ah le 2 a gros s compar i s on £ac to r o£ 1 .20 is ob tained . I t  

i s  apparen t that thi s  diffe rence i n  age fac to rs  fo r the 

s ample us ed in this  s tudy and the s ample c o l lecte d  by 

S e ar le 1 4 years ago from the s ame population repres ents a 

change whi ch could not have been predicted . This  may be due 

to a 
r 

changing in the feeding and management o£ the young 

cows or mo re impo rtan t ly may indicate year to year variat ion 

in age £actors . I£ vari ation o £  this magni tude occurs 

be tween g eographical reg ions and be tween years  then i t  wou ld 

be very diffi cul t to  deve lop a general s e t  o£ £actors which 

would be unb iased from one year to the nex t . In any cas e 

£ ac tor s developed f rom data collected 1 4 years  ago are no t 

appropr iate as a b a s is fo r adj us ting 1 97 0- 7 1  season tes t day 

records for  age . 

The age f ac tors deve loped in this s tudy show a c ons is ten t 

but small diffe rence be tween tes t day mi lk yield  and tes t  day 

fat y i e ld . The f ac to r s  for f at y i e ld being s l igh t ly s mal l e r  

than the corre s ponding £ac tor for mi lk yie ld due t o  the 

s l i ght  but cons is ten t reduc tion in £at pe rcentage w i th age 

for al l tes t months . 
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VARIANCE COMPONENTS 

W i th unbalanced data whe re the numbe r o£ obs e r vati ons 

in a c las s is corre l ated with the a££ec t o£ that c l as s  
____., 

Harvi l le ( 1 968 ) has s hown that var i ance c omponent 

es timates may be b ias e d . The s ample o£ data us e d  ini t i al ly 

£or  v ar i ance component es timation pos s e s s es this char ac ter is t i c  

due t o  the prac ti s e  o £  s e lec t ing only the bes t bul ls £or 

ex tens i ve use through AB .  Res tric ting es timation to rec ords 

wi th AB si re codes w i l l  par t i al ly remove this s ource o£ b i as . 

The var i ance componen t es t imates given in tables 8 and 1 1  

£or n i l  adjus ted tes t day reco rds show what appear to be 

l arge b i ases . The s i re componen t i n  many c ases  accounting 

£or up to 20% o£ tot al vari ance . Thes e "b iases " seem t o  be 

cons i de r ab ly reduced when the records are adj us ted £or age 

and days in milk . This s ugges ts that the s i re component 

es t imate is inflated by a confounding o£ s ire with age and 

day s  in mi lk inf luences . I£ this is  the c ase then the 

advant ages o£ adjus t ing £or age and day s  in mi lk are obvious . 

When the s ample is re s tr icted to records w i th AB s ire 

code s the s i re component is fur the r reduced as Jould be 

expes ted when the r ange o£ s i res b eing cons tde{ed is reduced .  

Howeve r a fur the r S!f£ec't o£ , and the main j us ti£ ic at ion £ o r , 

re s tr i c ting the s ample to records wi th AB s ire codes i s  the 

reduc tion o£ the confounding o£ herd and s ire inf luence s . 

Thi s  confounding is  due to a l arge number o£ natural ly us e d  

s i res having daughters i n  one herd only and a number o£ herds 

wi th cows whos e  s ires are used in no o the r he rds . The 

removal o£ thi s confounding has an unpredic t ab le e££e c t  on 

the resulting var i ance components . 

The var i ance components o£ wi thin tes t month recor ds 

adjus ted £or days in mi lk and age have no t been repo r te d  

previous ly . S e ar le ( 1 96 1b ) repo r ts vari ance components £or 

mont h  o£ l ac tation . The components  ln the p re s en t  s tudy £o r 

£our tes t  mon ths £or  mi lk and £at yield s how an inc rease in 

to t al variance up to Oc tober and then a dec line to Novemb e r . 

Thes e  t rends showing general agreement with those repo rted by 

S e ar le who foun d  the 2nd and 3rd mon ths o£ l ac t at ion t o  be 
mos t var i ab le £or  £at y i e ld . 
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MEASUR ES OF PRODUCT ION 

Two me as ures o£ tes t day produc tion are be ing cons i de re d , 

Z
i jk£ whi ch is  produ c t ion adjus ted fo r days in mi lk and age 

and R ij k£ which i s  the r a t io o £  Z ij k£ to the herd ave r age 

Zi jk£ " These two measures represen t two broad c l as s es o£ 

produc tive measure ( a )  measures o£ abso lute pr oduc t ion 

( b ) meas ures o£ re lat ive product ion . The ac cumulative form 

of the s e  two measures are tpi jk£ and R iijk£ as defined 

previous ly . In this s tudy a me thod o£ evaluating the 

rel ative value o£ the s e  measures for cow cul l ing and s i re 

s e lec t ion has no t been deve loped . Howeve r certain 

he r i t ab i l i ty values have been ob t aine d . Thes e s how a lowe r 

he ritab il i ty fo r Ri j k£ for t es t day mi lk yie ld and f at yie l d  

than for Zijk£ " On the o ther hand the diffe rence b e tween 

the he ri t ab i li ty o£ t hes e two me asures £or  fat percentage 

i s  sma l l  and gene r a l ly in favour o£ R ijk£ " Zijk£ 
heri t ab i l i ty for milk yield , fat yield and fat per cen tage 

shows an increas e  from Augus t to later tes t months . The 

heri tab i lity o£ R
ijk£ shows this trend on ly for f at per cen tage . 

The reasofi for R
ijk£ having a lower 

-
her i t ab i l i ty an 

Zijk£ s eems to l ie in the way s i re influences produc tion 1n 

he rds at differen t envi ronmental leve l s . I £  the affec t of 

s ire  is addi t i ve then Zijk£ wi l l  have a highe r he r i t ab i l ity 

becaus e more o £  the var i at ion be tween recor ds is due to s ire 

than for R
ijk£ " This is made c le arer by a s imple i l l us t r ation . 

Cons ide r  three he rds in which the daugh ter s o£ three bul ls are 

mi lked and have Z ijk£ and Rijk£ as s hown be low 

affec t  o£ s i re �erd 

S ire Av . 

A 
+ 30lb 

+ 1 0 . 8% 

B 0 

+ aYo 

c 
- 3 0lb 

- 1 0 . 8% 

Av . 

i s  addi tive to herd average 

1 2 

2
ijk£ 

Rijk£ 
2

ijk£ R
ijk£ 

23 0 1 1 5  330 1 1 0 

2 00 l OO 3 00 l OO 

1 70 85  270 90 

200 l OO 3 00 l OO 

as s uming the 

3 
/ 

2
i j k£ Rijk£ 

430 1 07 . 5 

400 l OO 

370 9 2 . 5  

400 l OO 
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Now for this example i t  is obv ious that s i re expl ains more of 

the total var iation in Z ijk£ than it  does in Rijk£ and would 

thus give a higher heri t ab i li ty . I£ on the othe r  hand the 

affe c t  of s i re was pr opo rtional to herd ave rage the s ame 

s i re s  would add res pectively 1 0% ,  0% and - 1 0%  of herd ave r age 

and Z ijk£ and R ijk£ wou ld be as be low �erd 1 2 3 

S i re 2
ijk£ 

R
ijk£ 

2
ijk£ 

R
ij k£ 

2
ijk£ 

R
ijk£ 

A 
+ 1 0%  220  1 1 0  330 1 1 0 440 1 1 0 

+ 3 0lb 

+ 0% 200 l OO 300 l OO 400 l OO B 
+ O lb 

- 1 0% 1 8 0  90 270 90 3 6 0  90  

- 3 0lb 

Herd Av . 200 l OO 3 00 l OO 400 l OO 

In this case s i re exp lains mo re of the variation ln R ijk£ 
th an does s ire ln 2

ijkf . If the affec t of s ire was thus 

propor tionate then he r i t ab i l i ty of R ijk£ wou ld be g re ater than 

he r i t ab i l i ty of z ijk£ . 

From this re asoning i t  is s ugges ted tha t  in gene ral the 

affec t  of s ire is mainly additive to herd ave r age for mi lk 

y i e l d  and £at yield  and is par tly add i t ive and par tly 

pr opo r tionate for  mi lk fat percen t age . Where the af fec t o £  

s i re 

more 

is  additiveJ Z
ijk£ ( o r  some £un c t ion of i t ) would be the 

accur ate me thod o£ di s tinguishing gene tic differenc es 

be tween s ires . 

From the wi thin year repeatab i li ty es t imates i t  c an b e  

s e en that Rij k£ is  more repeatab le than i s  Z ijk£ . This 

su gges ts th at from one tes t mon th to  the next Rijk£ is mo re 

cons is ten t than Z
i j kf . In o ther wo rds the affe c t  o f  c ow is  

propor tionate to t e s t day herd ave rage rather th an addi tive 

to i t . 

The he ri t ab i l it ies o£ the two ac cumu lative meas ures show 

differences s im i l ar to thos e for the tes t  day me as ure s  f o r  al l 

tes t months except Augus t .  The heritab il i ty o £  Augus t R I . "k l J  
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i s  higher for al l t r aits than the her i tab i lity of tpijkf . 

This  is a result of regre s s ing the accumul ative R ii j kf meas ure 

f o r  numb e r  of records us ed in i t s  calculat ion . By Septemb e r  

the higher heri t ab i l i ty o f  S e ptembe r Zi jkf recor ds when 

accumulated as tpijkf means that tpijkf i s  as high ly her i t ab l e  

a s  the R i i j kf meas ure . 

Ideal ly different measures should be evaluated i n  terms 

o f  the annua l gains whi ch can b e  achieved us in g the records 

fo r cul l ing and se lect ive mating . However the res u l t s  of 

the se vari ance component e s t imat ions do indic ate that the 

af fe c t  of s i re on tes t day produc t ion and accumulat ive tes t 

day produc tion is mo re add i t ive to he rd ave r age than 

propo r ti onal . Thus s ugges ting that r atios to he rd ave r age 

would be inferio r fo r s e lec tive b reeding purposes . 
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AREAS FOR FURTHER STUDY 

Having wri tten prog r ams to ob t ai n  LSQE e s t imat es of the 

affect  of age and days in milk these should be use d  to 

ob t ain es timates £or di fferent geographical regions , b reed 

of cow and year . Thes e es t imates wi l l  enab l e  a more 

accurate e valuation of the var i a t ion that ex is ts b etween 

regions , b reeds and year s in the affec t  of age and days in 

milk . 

The mode l descr ibed by equat ion ( 25 )  when f i t ted over 

year s  for the three e s t imat ion procedures c .  r andom , 
J 

c .  fixed and c .  i gnored w i l l  provide informat ion on the 
J J 

b i as e s  in LSQE es timates due to cow cul l ing and s ire 

s e lec t ion . 

I deally adj us tmen t factors should be tes ted on data 

o ther than those from which they are der ived . I £  there ar e 

l arge d iffe rences be tween years in the affec t  of age and days 

in milk on t e s t  day y i e l d  then thi s exe rc i s e  would be futile . 

In this case inves t i g at ion into the pos s ib il i ty of 

es tima ting f ac to rs from t he data to whi ch they are to be 

applied could wel l  be j us tif ied . 

Me thods of evaluating meas ures of pro duc t ion need 

fur ther e va luat ion . 
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CONCLUS IONS 

1 ) .  Es t imates o£ the a££e c t  o £  age and l inear and quadr a ti c  

eff e c t s  o £  days in mi lk ob t ained as s uming the a££ect o£ 

herd- s i re as r andom , f ixed or ignored are all  ve ry s imi l ar . 

2 ) .  The affect  of days in milk and days in mi l k  s quared on 

tes t day milk y ield , £at y i e l d  and mi lk fat per centage is  

inf l uenced by month o£ tes t .  

3 ) . In some te s t  months 2 y e ar o l d  cows show a s ignific an t ly 

different r es ponse to days in mi lk from o lder cows . The 

2 year o ld cows show� a s lower dec l ine in mi lk and £at  

yie ld as days in  mi lk incre as e$ . 

4 ) . Expres s ing tes t day r eco rds as an adjus ted tes t day 

record provides mo re accur ate genet ic information than 

expre s s ing the reco r ds as a r at io of herd ave rage . 

5 ) .  No good b as is for compar ing different express ions of 

te s t  day production has been es tab l ished . 
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SUMMARY 

A s ample o£ 8 1 , 6 95 tes t day records made by Jer s ey cows 

in t he 1 970-71  s e ason we re used to e s t imate the affe c t  of age 

and the l inear and quadratic  regress ions , wi thin age c l as s , 

of day s in mi lk on tes t day m i lk yie l d , fat yie ld and m i lk 

£at percentage . Es timates wer e ob tained as s uming mode ls  

whi ch treated the affect of herd- s i re as  fixed , r andom and 

i gno red . Additive £ac tors for  adj us t ing tes t day reco rds for 

days and days in milk s quared , wi thin tes t month , we re 

deve loped and used in conj unc t ion with multiplicative age 

fac to rs to adj us t  the Augus t ,  September , Oc tober and Novemb e r  

tes t day reco rds . The adj us ted records we re also  expressed 

as a ratio o£  the herd ave rage o£  the adj us ted records . E ach 

tes t day the adj us ted reco rds we re ac cumulated us ing the tes t 

inte r va l  me thod and the r a t io s  we re accumul ated as a we i gh te d  

ave r age . Var i ance components were es timated b y  Hender son ' s  

( 1 953 ) me thod 1 £or two di ffe ren t models . 

Es t imates o£ the affects  of age and day s  in mi lk £or a l l  

three mode l s  were very s imi lar . The regres s ions o f  days i n  

mi lk and days i n  mi lk s qu ared o n  tes t day y i e ld were 

s i gnificant ly different from zero fo r the £our age clas s e s  1n 

Augus t and Septemb er £or mi lk an d fat . Fat percentage 

regre s s ions reached s i gnifi cance in some of the tes t months . 

The regress ions differed be tween age c l as ses in Oc tober wi th 

the 2 year o l ds s howing a s lowe r dec l ine wi th increas ing days 

in mi lk than the o l der cows . The di fference s  in the regress ion 

coeff i c i ents be tween tes t months show the nee d  £or adj us tment 

fac t o rs to di ffer accor ding to tes t mon th . 

The mul tiplicative age £ac tors s howed a decl ine in the 

tes t months January to May £or t he 2 year o lds and 3 year o lds . 

The age £ac t o rs for thes e tes t mon ths were con s is t n t ly 

diffe rent f r om thos e presen t ly used in New Zealand . 

Te s t  day ratios wi thin herd he ritab i li ty was cons i s tfn t ly 

lower t han that for adj us ted tes t day record .  Reasons fo r 

this difference are d is cus s e d . The wi thin ye ar , within herd 

repe at ab i li ty o£ tes t day ratios were higher t h an t he 

corre s ponding r epeatab il i ties  o£ the adj us te d  tes t day r ecords 
for  a l l  y i e l d  tra i ts . 
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Appendix A 

Prog rams us ed on the IBM 36 0/3 0 

The prog r ams used for c omput at ions on the e lec tronic 

compute r ,  the IBM 360/30 , ar e lis ted b e low wi th the ir name s 

and b r ief de s c r i ptions . Five were w r i t ten by the autho r ,  

and one is an IBM S cient i fic S ubrout ine . Al l input and 

output from and to disc  o r  t ape was ach ieved thro ugh ASSEMBLER 

language s ubro u t ines wr itten by R .  Ir ving of the Elec tronic 

Data Pr ocess ing Depar tmen t of the New Zealand Dairy Board . 

Al l o ther prog r ams and s ub routines are in FFORTRAN . 

ED IT : From a f i le of a l l  Auck land herds on month ly or  

b imon th ly tes t ing a f i le is c rea ted for all  tes t day r eco rds 

mee t ing the s e lec tion c r i te r ia ( p 3 2  ) . Th is f i le ( DATA 

TAPE ) becomes the input for R IANAL and A- DAY CORRECT ION . 

R IANAL : The DATA TAPE sor ted by month of t es t ,  s ire and 

her d ,  is us ed as input . The Z ' Z ,  X ' Z and Z ' Y ma trices 

( of p 25 ) are written on to dis c fo r mi lk y ie ld , fat y ie ld , 

and tes t ,  for a s ing le tes t month . In itia l  val ues of k are 

s uppl ie d  on cards . For one t rai t a t  a time th e init ial  

value of k is used and the f i rs t iteration is  comple ted . 

The new val ue of k is then used fo r the nex t i teration . 

Ei ther nine ite r at ions o r  a change in k of . 025 from one 

iterat ion to the nex t - wh ich ever oc curs f i r s t - terminates 

the i terati ons . The nex t trait  is treated s imi lar ly and s o  on . 

A-DAY CORRECT ION : Us ing the DATA TAPE so rted by herd and 

cow as input the tes t day r e c ords are corrected fo r days  ln 

milk and age . The quan t i t ies g iven on page 29 are 

computed and the output of this program is a tape ( CORRECTED 

DATA ) and a printed summa ry of he rds containing mo re th an 6 00 

tes t  day records . Wher e  a herd exceeds 6 00 tes t day records 

i t  is treated as two separate herds - the f i rs t h aving 6 00 

tes t day recor ds and the s econd having the r emainde r . 
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ANOVA 1 : Es timates 

correc ted records . 

var iance component s ( see appendix B )  o£ 

The input is the COR RECTED DATA t ape 

so rted by s i re , herd and c ow .  

ANOVA 2 :  Es t imates variance components o£ cor rec ted records . 

The input is the CORRECTED DATA tape s o rted by month o£ tes t ,  

s i re and herd . 

M INV ( IBM S cien t i fic Sub rou tine ) :  

the s tandard Gaus s - Jo rdan method . 

in R IANAL , ANOVA 1 and ANOVA 2 .  

Appendix B 

Mat rix inve rter us ing 

Used £or ma trix inversion 

Es t ima tion o£ variance components fo r the mode l g iven by 

egua tion (22)  

Us ing me thod 1 o£ Henderson ( 1 953 ) the s ums o£ s quares 

compu ted we re 

Tt 
L: L. 2: 2::: 2 
l j k l yi j k l  

T L. 2 
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s i 1 • • •  l • •  

Th 
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T y . .  /n . .  hx s l j l J • •  l J . 
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c l 

2::. '2:= 
j k 

2 y . "k /n . "k l J • l J 

T 
2 IN 0 y 

whe re N = t o t a l  obs e r vations . These sums o£ s quares were 

e quated to the i r  expectations under the model and a s o lution 

for the vari ance components ob t ained . 

The expe c t ation o£ the vec t o r  o£ s ums o £  s quares ( T )  is 
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where s and h are the number of s i res and herds respec tive ly , 
sh is the number of he rd- s i re s ubc l as s es w i th 1 or mo re 
observa t ion and c is the number of cows . 

1\ 2  � was ob tained as '-'e 
1\ 2  Ue = c ) 

Es timates of the o t he r  four varianc e componen ts were found by 
compu t ing the vec t o r  T* whe re 

T T ( h  1 ) 
1\ 2  - - - <Ye s 0 

Th - T - ( s  - 1 ) ife2 
0 

T* = 

Th s  T Th + T (hs- s -h 1 ) 1\ 2  - - - + Ue s 0 

T Th s  (c  h s ) 1\ 2  
- - - Ue c 

and the mat rix C* whe re E ( T* ) = C* and , 



C* = 

N-C6 2 ' 

c3 2-c6 2 ' ' 

c6 2-c3 2 ' ' 

0 

8 1 .  

c2 3 -c6 3 ' ' 

N-C6 3 ' 

c6 3 -c2 3 
' ' 

0 

c2 4 -c6 4 ' ' 

c3 4-c6 4 ' ' 

N-C2 4-C3 4 ' ' + 
c6 4 ' 

0 

c2 5-c6 5 ' ' 

c3 5-c6 5 ' ' 

C4 5 -C3 5 -C2 5 ' ' ' 
+ 

c6 5 ' 

N-C4 5 ' 

and C . .  is  the e leme n t  of the i th row and J th c o l umn of l , J 
the expectat ion c oeffi cien t ma trix . 

The so lution was thus 

A 2 
a;, 
" 2 Oh - 1  = r *  T* . '-' 
1\ 2 Ohxs 

f5: 2 
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Appendix t ab le 1 .  

Aver age tes t day milk y ie ld ( lb ) for the four age c lasses 

ln the tes t mon ths Augus t 1 970 to  May 1 971 . 

Age class  

Mon th 2 3 4 5 - 9 Av . a l l  ages 

Augus t 22 . 7  27 . 0  29 . 4  3 0 . 8  27 . 5  

Septemb e r  24 . 0  28 . 7  3 1 . 7 33 . 3  29 . 4  

Oc tober 23 . 6  27 . 8  3 0 . 7  3 2 . 7  28 . 9  

Novemb e r  2 2 . 8  26 . 5  29 . 2  3 1 . 3  27 . 6  

December 20 . 2  23 . 5  26 . 1  2 8 . 0  24 . 7  

January 1 8 . 3  21 . 1  23 . 3  24 . 7  2 2 . 0  

February 1 5 . 1  1 7 . 3  1 8 . 9  2 0 . 3  1 8 . 1  

March 1 3 . 4 1 5 . 1 1 6 . 7  1 7 . 7  1 5 . 9  

Apr il  1 1 . 2  1 2 . 2  1 3 . 0  1 4 . 1 1 2 . 9  

May 1 0 . 6  1 1 . 6  1 2 . 0  1 2 . 9  1 2 . 0  

Appendix t ab le 2 .  

Ave rage tes t day fat y ie ld ( lb ) for the four age c la s s e s  

in the test  months Augus t 1 97 0  to  May 1 971 . 

Age class 

Mon th 2 3 4 5 - 9 Av . a l l  ages 

Augus t 1 . 1 2  1 . 32  1 . 45 1 . s o  1 . 35 

September 1 . 1 9 1 . 41  1 . 55 1 . 6 3  1 . 44 

October 1 . 22 1 . 43 1 . 5 9  1 . 6 7  1 . 49 

November 1 . 2 2  1 . 41 1 . 56 1 . 6 5  1 . 47 

De cember 1 .  07 1 . 26 1 . 4 0  1 . 47  1 . 3 1 

January 0 . 99 1 . 1 5 1 . 27 1 . 3 2  1 . 1 8  

Febr uary 0 . 84 0 . 97 1 .  06 1 . 1 2  1 .  01 

March 0 . 7 9 0 . 9 0 1 . 00 1 . 04 0 . 94 

Apr i l  0 . 72 0 . 7 9 0 . 85 0 . 89 0 . 83 

May 0 . 7 1 0 . 78 0 . 80 0 . 85 0 . 80 
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Appendix t ab le 3 .  

Ave r age tes t day f a t  pe rcen t age £o r the £our age c las ses 

in the tes t months Augus t 1 970 to May 1 97 1 . 

Mon th 

Augus t 

September 

Oc tobe r 

Novemb e r  

December  

January 

Feb ruary 

March 

Apri l  

May 

2 

4 . 95 

4 . 97 

5 . 2 1 

5 . 3 6  

5 . 34  

5 . 43 

5 . 6 1  

5 . 9 9 

6 . 6 4  

6 . 9 2  

Appendix tab l e  4 .  

3 

4 . 89 

4 . 92 

5 . 1 6 

5 . 3 7  

5 . 3 7  

5 . 49 

5 . 6 7 

6 . 08 

6 . 6 9  

6 . 83 

Age cl as s  

4 

4 . 92 

4 . 91 

5 . 20 

5 . 40 

5 . 40 

5 . 45 

5 . 63 

6 . 09 

6 . 71 

6 . 8 2  

5 - 9  

4 . 88 

4 . 88 

5 . 1 2  

5 . 30 

5 . 28 

5 . 34 

5 . 57 

5 . 98 

6 . 50  

6 . 6 7  

Av . all ages 

4 . 91 

4 . 9 1 

5 . 1 6  

5 . 34 

5 . 33 

5 . 41 

5 . 6 1  

6 . 02 

6 . 6 0  

6 . 78 

LSQE o£ the affect of age , day s in mi lk and days 1n milk 

s quared on tes t day milk y ie l d . 

Month Age p + ai b i1 

Augus t 2 

3 

4 

S - 9  

September 2 

3 

4 

S - 9  

Oc tober 2 

3 

4 

5 - 9 

November 2 

December 

3 

4 

S - 9  

2 

3 

4 

5 - 9  

1 8 . 9  

24 . 0  

25 . 6  

26 . 7  

20 . 6  

27 . 1 

3 0 . 0  

30 . 4  

24 . 6  

29 . 7  

3 2 . 2  

34 . 4  

2 9 . 8  

33 . 2  

38 . 2  

41 . 2  

3 1 . 7  

35 . 3  

3 4 . 6  

4 2 . 8  

0 . 28 07 

0 . 28 98 

0 . 3485 

0 . 33 1 8  

0 . 1 6 6 2  

0 . 1 551 

0 . 1 424 

0 . 1 8 8 0  

- .  0085 

0 . 0203 

0 . 03 00 

0 . 01 3 1  

- . 1 026 

- . 066 9  

- .  097 9  

- . 1 26 2  

- . 1 6 28 

- . 1 3 97 

- . 1 7 23 

- . 1 8 00 

b i 2  

- . 003 94 

- . 00530 

- .  006 1 6  

- . 005 1 2  

- . 001 74 

- .  00236 

- .  00207 

- .  0023 9 

- . 00007 

- .  0006 6 

- . 00071 

- . 00054 

0 . 0003 1 

- . 00003 

0 . 00005 

0 . 00022 

0 . 00054 

0 . 00034 

0 . 00002 

0 . 00045 

A .  l 
1 . 3 5  

1 . 1 4 

1 . 05 

1 . 00 

1 . 3 9  

1 . 1 6  

1 .  os 
1 . 00 

1 . 38 

1 . 1 7  

1 . 06 

1 . 00 

1 . 3 6  

1 . 1 8  

1 . 07 

1 . 00 

1 . 3 7  

1 . 1 8  

1 . 07 

1 . 00 
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Appendix t ab l e  4 cont ' d . 

Month Age fl + a .  b i 1  b i2 A .  l l 
January 2 31 . 7  - . 1 43 9 0 . 00037 1 . 33 

3 26 . 6  - . 01 8 2  - .  0001 1 1 . 1 7  

4 28 . 3  0 . 0007 - . 00020 1 .  06 

5 - 9  40 . 9  - . 1 5 09 - . 00028 1 . 00 

Feb ruary 2 1 9 . 2  - .  0046 - . 00009 1 . 3 2  

3 21 . 9  - . 0050 - . 0001 1 1 . 1 7 

4 25 . 3  - . 01 3 1  - . 0001 1 1 . 07 

5 - 9  3 0 . 8  - .  0507 - . 00004 1 . 00 

Mar ch 2 1 8 . 6  - . 01 94 - . 00002 1 . 3 0  

3 43 . 7  - .  245 0 0 . 00051 1 . 1 8  

4 3 9 . 4  - . 16 9 7  0 . 00029 1 .  06 

5 - 9  3 1 . 0  - .  06 94 0 . 00003 1 . 00 

Apr i l  2 4 . 5 8  0 . 0847 - . 00023 1 . 25 

3 - 1 1 . 21 0 . 2375  - . 0005 7 1 . 1 5  

4 - 1 42 . 4  1 . 386 - .  003 03 1 . 09 

5 - 9  53 . 8  - . 3 026 0 . 00056 1 . 00 

May 2 3 9 . 4  - .  2045 0 . 00036 1 . 21 

3 2 2 . 9  - .  05 95 0 . 00006 1 . 1 1 

4 33 . 4  - . 1388 0 . 0002 2 1 . 08 

5 - 9  - 8 . 8  0 . 2026 - . 00045 1 . 00 

Appendix t ab le 5 .  

LSQE of the af fect  of age , days in mi lk and days in mi lk 

s quared on tes t day fat y ie ld . 

Month Age fU + a . b i1 b i 2  A .  l l 
Augus t 2 0 . 86 0 . 01 94 - . 00027 1 . 3 4  

3 1 . 1 3  0 . 0163 - . 00027 1 . 1 4  

4 1 . 25 0 . 01 5 9  - . 00026 1 . 04 

5 - 9  1 . 23 0 . 0209 - . 0003 1 1 . 00 

S eptember 2 0 . 94 0 . 01 09 - .  0001 0 1 . 3 7  

3 1 . 2 0  0 . 01 14 - . 00013 1 . 1 5 

4 1 . 3 5  0 . 01 1 5  - . 0001 3 1 .  04 

5 - 9  1 . 3 4  0 . 01 3 8  - .  0001 4 1 . 00 
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Appendix t ab le 5 con t ' d . 

Mon th Age p + a .  b i 1 b i2 A .  l l 
Oc t ober 2 1 . 1 5  0 . 0020 - . 000013 1 . 3 6  

3 1 . 3 4  0 . 0048 - . 000047 1 . 1 6 

4 1 . 5 1 0 . 005 2 - .  000052 1 .  05 

5 - 9  1 . 52 0 . 0064 - .  000056 1 . 00 

No vembe r 2 1 . 38 - . 0026 0 . 000009 1 . 3 5 

3 1 . 50 0 . 0005 - .  00001 4 1 . 1 7  

4 1 . 73 0 . 0002 - .  00001 8 1 .  05 

5 - 9  1 . 87 - . 001 8 - . 000005 1 . 00 

December 2 1 . 3 9  - . 0048 0 . 00001 8 1 . 36 

3 1 . 57  - .  0038 0 . 000009 1 . 1 7  

4 1 . 43 0 . 0023 - . 000020 1 . 05 

5 - 9  1 . 88 - .  0043 0 . 000008 1 . 00 

January 2 1 . 13 - . 0007 - . 0000006 1 . 3 2  

3 1 . 16  0 . 001 9 - . 00001 2 1 . 1 4  

4 1 . 1 9 0 . 0038 - .  000021 1 . 04 

5 - 9 1 . 8 2  - .  003 9 0 . 000004 1 . 00 

February 2 0 . 249 0 . 007 9 - . 000025 1 . 3 2  

3 0 . 6 96 0 . 0046 - . 00001 6 1 . 1 5  

4 0 . 973 0 . 003 2 - . 00001 4 1 .  05 

5 - 9  1 . 20 0 . 001 8 - . 00001 2 1 . 00 

March 2 - . 253 0 . 01 1 2  - . 000029 1 . 3 1  

3 0 . 3 95 0 .  006 8  - . 000020 1 . 1 5  

4 0 . 0292  0 . 01 22 - . 00003 5 1 . 03 

5 - 9  1 . 56  - . 0023 - . 0000007 1 . 00 

Apr i l  2 1 . 23 - .  0033 0 . 000005 1 . 22 

3 0 . 31 0 . 0059 - . 00001 6 1 . 1 2  

4 - 4 . 24 0 . 046 0 - . 0001 02 1 .  04 

5 - 9  1 . 5 8  - . 0038 0 . 000004 1 . 00 

May 2 1 . 5 9  - .  006 3  0 . 000011 1 . 1 9  

3 0 . 744 0 . 001 7 - . 000059 1 . 09 

4 1 . 5 8  - . 0050 0 . 000008 1 . 05 

5 - 9  - . 087 0 . 009 0 - . 000020 1 . 00 
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Appendix t ab le 6 .  

LSQE o£ the affect  o£ age , days in milk and days ln mi lk 

s quared on tes t day £at percentag e . 

Mon th Age fU 
+ 

a .  b i1 b i2 A .  
l l 

Augus t 2 4 . 5 4  0 . 0297 - .  000383 0 . 99 

3 4 . 74  0 . 006 2 0 . 00001 6 1 . 00 

4 4 . 94 - . 0074 0 . 00021 9 0 . 99 

5 - 9 4 . 63 0 . 0179  - . 000224 1 . 00 

September 2 4 . 56 0 . 01 23 - . 00005 9 0 . 98 

3 4 . 49 0 . 01 05 0 . 0  0 . 99 

4 4 . 5 5  0 . 01 1 7 - . 000064 0 . 9 9 

5 - 9  4 . 46 0 . 01 26 - . 00005 2 1 . 00 

Oc tob e r  2 4 . 73 0 . 0092 - . 000028 0 . 99 

3 4 . 5 1 0 . 01 25 - . 00003 4 0 . 99 

4 4 . 6 7  0 . 01 09 - . 00003 7 0 . 98 

5 - 9 4 . 47 0 . 01 49 - . 00006 7 1 . 00 

November 2 4 . 6 7  0 . 0080 - . 00001 1 0 . 9 9 

3 4 . 48 0 . 01 28 - . 000034 0 . 99 

4 4 . 51 0 . 01 3 9  - . 000045 0 . 98 

5 - 9 4 . 55 0 .  01 06 - . 000026 1 . 00 

Decemb e r  2 4 . 08 0 . 01 58 - . 000044 0 . 99 

3 4 . 21 0 . 01 24 - . 000022 0 . 98 

4 3 . 9 9  0 . 01 97 - . 00006 3  0 . 98 

5 - 9  4 . 1 9 0 . 01 39  - . 00003 8 1 . 00 

J anuary 2 2 . 5 2  0 . 0348 - . 0001 02 0 . 99 

3 4 . 50 0 . 0074 - . 000006 0 . 97 

4 4 . 07 0 . 01 49 - . 000038 0 . 98 

5 - 9  4 . 1 7 0 . 01 23 - . 000029 1 . 00 

February 2 2 . 05 0 . 033 1 - . 000074 1 . 00 

3 3 . 73 0 . 01 43 - .  000020 0 . 98 

4 4 . 08 0 . 01 1 1  - . 00001 5 0 . 99 

5 - 9  3 . 83 0 . 01 36 - . 000022 1 . 00 

March 2 - 1 . 76 0 . 06 94 - . 0001 53 1 . 00 

3 - 0 . 3 03 0 . 0573 - . 0001 26 0 . 98 

4 - 6 . 06 9  0 . 1 1 55 - . 00026 9 0 . 98 

5 - 9 4 . 6 2  0 . 0084 - . 000009 1 . 00 
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Month 

Apr i l  

May 

Age 

2 

3 

4 

5 - 9  

2 

3 

4 

5 - 9  

Appendix t ab le 7 .  

fU + a� 
9 . 4 1  

1 3 . 7  

3 9 . 6  

1 . 8 

- 1 . 07 

0 . 5 22 

2 . 1 0 

9 . 6 9  

8 7 . 

b
i 1 

- . 03 1 7  

- . 066 2  

- . 29 07 

0 .  03 54 

0 . 0536 

0 . 046 2 

0 . 03 09 

- .  0273 

b
i2 

0 . 00008 2 

0 . 0001 5 1  

0 . 0006 3 1  

- . 00006 5 

- . 000088 

- . 000083 

- . 000049 

0 . 00005 9 

A .  J.. 

0 . 99 

0 . 97 

0 . 96 

1 . 00 

0 . 98 

0 . 97 

0 . 98 

1 . 00 

Var i ance componen t es timates £or tes t  day mi lk yie ld 

reco rds adj us ted £or age , day s in mi lk and days in milk 

s quared . The se es tima tes were ob t ained from a s ample o£ 

tes t day reco rds wi th AB sire codes . 

Me as ure Mon th A 2  A 2 Oj; � /\ 2 
cr­hxs 

1\ 2 a­e 
1\ 2  h 

Augus t 

Sep tember 

Oc tober 

November 

Augus t 

1 4 . 83 

1 3 . 95 

1 3 . 85 

8 . 6 1 

7 1 82 . 3  

1 .  05 

3 . 22 

4 . 57 

3 . 3 2  

5 20 . 5  

4 . 1 5 

- 2 . 8 9  

- 2 . 91 

2 . 1 0  

24 . 1  

3 1 . 3  

27 . 4  

21 . 8  

1 9 96 . 2  1 1 , 6 75 

. 1 7 

. 37 

. 5 7 

. 53 

. 1 7 

Septembe r  20351 . 0  491 9 . 4 -3483 . 4  54 , 07 2  . 33 

Oc tob e r  

Novemb e r  

Augus t 

Se ptembe r 

Oc tober 

November 

Augus t 

September 

Oc tob e r  

November 

48822 . 9  1 36 09 . 9  -4 1 959 . 4  1 1 8 , 049 

91 1 1 3 . 1  265 47 . 2  34 045 . 0  2 02 , 4 5 2  

- 1 4 . 9  

- 0 . 98 

-6 . 8  

0 . 05 

- 1 . 94 

2 . 60  

2 . 37 

3 . 26 

20 . 98 34 . 44 

1 3 . 9 9 - 1 0 . 02 

1 8 . 97 4 . 47 

20 . 87 3 9 . 1  

8 . 94 

9 . 20 

1 1 . 51 

1 2 . 6  

7 . 86 

- 1 . 2 

2 . 5 

25 . 3  

286 . 6  

3 00 . 0  

270 . 2  

23 1 . 2  

86 . 4  

1 00 . 1  

1 1 6 . 5 

1 1 0 . 8  

. 41 

. 46 

. 27 

. 1 8  

. 26 

. 33 

. 37 

. 34 

. 36 

. 41 
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Appendix t ab le 8 .  

Var i ance component es t imates £or  tes t day mi lk £at 

pe rcen t age adj us ted £o r age , days in milk and days in mi lk 

squared . Thes e  e s timates were ob ta ine d  from a s ample o £  

tes t day records wi th AB s i re codes . 

Measure 

R i ijk£ 

Mon th 

Augus t 

Septembe r  

Oc tob e r  

Novemb e r  

Augus t 

S eptember 

Oc tobe r 

November 

Augus t 

September 

Oc tober 

Novembe r  

Augus t 

S eptember 

Oc tob e r  

November 

1\ 2  1\ 2  � � 
0 . 074 

0 . 053 

0 . 058 

0 . 047 

35 . 1 3 

1 06 . 3 0 

204 . 3  

446 . 4  

- 5 . 3 6 

- 0 . 48 

- 1 . 5 9  

2 . 58 

0 . 1 0 

2 . 97 

2 . 59 

4 . 04 

0 . 022 

0 . 044 

0 . 037 

0 . 04 1  

1 0 . 24 

90 . 29 

1 83 . 4  

444 . 2  

9 . 1 6  

1 9 . 73 

1 5 . 23 

1 7 . 03 

6 . 04 

1 1 . 7 1 

1 0 . 35 

1 2 . 41 

1\ 2 
o:­hxs 

- . 029 

- . 02 1  

- .  0098 

0 . 036 

- 1 3 . 6 

- 6 9 . 9  

- 1 47 . 3  

13 1 . 9 

- 1 2 . 8  

- 7 . 6  

- 2 . 9  

1 1 . 9  

- 7 . 5  

- 6 . 9  

- 3 . 9  

4 . 7  

A 2 er e 

0 . 463 

0 . 405 

0 . 48 2  

0 . 356  

2 25 . 1 

666 . 4  

1 5 9 2 . 1 

23 05 . 0  

1 98 . 1 

1 6 6 . 0  

1 83 . 7  

1 24 . 0  

80 . 8  

6 6 . 7  

68 . 4  

49 . 8  

0 . 1 8 

0 . 3 9 

0 . 28 

0 . 41 

0 . 1 7 

0 . 48 

0 . 4 1 

0 . 6 5 

0 . 1 8 

0 . 4 2  

0 . 3 1  

0 . 48 

o .  28 

0 . 59 

0 . 53 

0 . 79 
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Appendix fi gure 1 . Variance component es t imates 
ob tained at the end of e ach i teration for Augus t 

-� tes t day records . 
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