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ABSTRACT

A total of 8,684 first-lactation records produced in thi A<

region in the dairying seasons 1966-67 to 1972-73, inclusive w.

assembled. Based on weighted and unweighted intra-s>: -
regressions of progeny performance (deviation from withir - -.
and within-year contemporary average) on time, a series ..
estimates of the genetic trend in production for the period wc:
obtained. Variable estimates, allied with large standa s«

precluded reliable conclusions on the nature of the ge:e:

By applying a mixed model solution method of sire-ev: .
but only to a restricted sub-sample of the data (2, 155 rec: -
breeding values of 47 sires were estimated unbiased by
The numbers of records involved were too few to ailow ..
comparison of these estimates with estimates of thi t
of the same sires obtained by the Farm Produ:tion D

N.Z. Dairy Board using its method of sire evziuation

Based on variance component estimates obtained .
of Henderson's Method I, heritability of milk yield an:x
was estimated to be 0.43 and 0.36 respectively. Th

agree well with estimates reported elsewhere.

Additional estimates of the genetic trend were ob <1
regressing the solutions for the fixed effects (s.re-grou:

of the sire evaluation model on time.
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CHAPTER 1

INTRODUCTION

The commercial development of artificial inseminat:
in the New Zealand dairy industry resulted from the reaii:.
through the use of sires of superior genetic merit, it prov

means for increasing the rate of genetic gain in cattle po»u.

In recent years, the industry has witnessed a dramatic incres= -.

the numbers of inseminations per proven sire. Howcver .
genetic gains resulting from the widespread use of s:res tur ..
A.I. are to be maximized, it is imperative that th. - /rc-
accurately evaluated. It is ironical, that the mai: ¢ ..

an A.I. programme, that is, elevation of the gene:.c
population, has been demonstrated elsewhere to be an ir,

source of bias in the evaluation of dairy sires.

The methods of sire evaluation that are susceptih:e * the
due to genetic trend are those which rely on compari.on:
average production of the daughters of individual sires ».~ " - -
average production of representatives of the populur. .

herdmates in a series of herds.

If the genetic merit of the overall population is in<.
since the genotype of a sire is constant, the pr- ductic-
successive groups of daughters of the sire (of “1e :a
their herdmates, will decline with time, A ¢! o» de~
this effect was given by the study of Carter (1909) in

investigation, 19 young bulls were used through A.I. a1«

1.

at,



aside for a period of five years before being returned to A.I. service.
The average production superiority of their daughters sired o tae
end of the five-year period was 260 lb. of milk less than the
production superiority of their half sisters sired five years carlier.
The question raised by this effect is: "For comparative purposes,

at which point was the valid estimate of the genetic merit of these
bulls obtained? " Obviously, the appropriate estimate is that which
is most recent, but the point requiring consideration, is whether

any account is taken of the earlier appraisals of these sires.

If the estimates of the genetic merit of all sires are based on
the productive performance of a restricted group of daughters
(for instance, the first-lactation records made in the most recent
dairying season by 2-year-old heifers), genetic trend cannot n.as
sire comparisons. However, in order that precision of estirr ation
be maximized, sire evaluation procedures normally utilize the
lactation records of as many daughters as possible and therefore
the estimate of a sire's genetic merit may be based on lactation
records produced in a number of dairying seasons. Under thesc
conditions, if a sire whose genetic merit is based on the per . -rarance
of daughters in a number of seasons is compared to a sire hein
sampled for the first time, bias due to genetic trend wil: ..o+

since the older sire has the advantage of having had sor.

L ]

daughters compared to the population average when it was at = cw.
level. In other words, genetic trend in the population nas the
of favouring long-standing sires when their estimated genetic - . it

is being compared to that of a sire recently entering service.

The objective of the present study was to determine whets
genetic trend is an important source of bias in the methoa ot da: -
sire evaluation currently operated by the N.Z. Dairy Board. I

this respect, the study involved two broad aspects. Thes« w:re:

(i) Estimating the genetic trend currently occurring in .1~

cattle population in New Zealand.



(ii)

Estimating the genetic merit of a series of sires using &
method of evaluation known to be capable of rankir . sires
unbiased by genetic trend and, to assess whether the sire
rankings obtained agreed with the rankings produced by the

N.Z. Dairy Board's method of evaluation.



CHAPTER 2

REVIEW OF LITERATURE

I. THE IMPORTANCE OF ACCURATE SIRE EVALUATION

The need for accurate evaluation of the genetic mer:: of sires
used for A.I. in New Zealand has increased in recent years,
Advances in the technology of semen dilution (Shannon, 19¢t8) Lave
allowed a bull to be mated to many thousands of cows. For example,
in the A.I. scheme operated by the N.Z. Dairy Board, ihe » aximum

number of inseminations for a bull in a single mating seasoi, ims

risen from 10,404 in 1963 (N.Z. Dairy Board, 1972) tc - . L
1973 (Macmillan, pers. comm.). Clifford (1972) has ¢~ . -+ 1 raat
a bull with a rating(a)of +50 1b. milkfat, having sired 5G, © .. «gnuers,

would be responsible for 12,500,000 1b. more milkfat rnar.
rating was zero. Based upon the gauranteed milkfat p.-.=

50 cents per lb. for the 1973 season, the extra production w
amount to $6,250,000. The genetic implications for New Z. ..
of widespread usage of proven sires has been discussec by

Stichbury (1968).

Large-scale usage of proven bulls for A.I. reflects @ he i:: ?
of a sire's genetic contribution to a subsequent generati. ., o ¢
which has long been recognized. Ward (1937) stated: ~'=. in
as is now generally admitted, the herd sire is the great.si

influence in raising or lowering the production level of the ~. ..

(a)
A bull's rating is the expected average production deviation of
his future daughters from the population average.

4.



Robertson and Rendel (1950) quantitatively apportioned the genetic
improvement that may result, under optimal conditions, 10r -
breeding unit of 2,000 cows, an exercise which has been rzseuted by
Legates (1971) for a breeding unit of 60,000 cows. Table 2.1
summarizes the results of these studies and demonstrates that the

genetic contribution of the sire, relative to that of the dam, is more

important.

The results obtained by Legates are of special interest in that
the breeding unit concerned, in terms of cow numbers (60, 000), is
more typical of an artificially-bred population than is that of

Robertson and Rendel (2, 000).

Studies conducted by the N.Z. Dairy Board (1943, 1961),
Macmillan (1973), Macmillan and Watson (1973) demonstrated an
important antagonism between herd wastage rate and the number of
replacement heifers available for selection under average New Zealand
dairyfarming conditions. The annual wastage rate in New Zealand is
21 percent (N.Z. Dairy Board, 1972) which makes it difficu:* ior a
farmer to exert any selection pressure in the choice of dams “¢ produce
daughters. Consequently, the contribution of this pathway t.
improvement is small. Studies by Jackson (1973) demonstr- .ed that the
overall contribution of the dam to improvement may be st.:. gyrhened
through the dam to son pathway, if a system of contract mating s

linked with an A.I. programme.

The ideas presented in this section support the viewpoint tiat
production gains, resulting from selection, will be maximized by

extensive use of sires which have been accurately assessed to be of

superior genetic merit.



Table 2.1 : Relative contribution of the four genetic pathways

to genetic gain.

Genetic pathway

Estimated contribution to

improvement (%)

Sire to son
Sire to daughter
Dam to son

Dam to daughter

Robertson and Rendel (1950)

Legaies {1971)

43
18
33

6

46
2 3)
23

8




II. SIRE EVALUATION IN NEW ZEALAND UP TO 1969

The evolution of the N.Z. Dairy Board's method of sire evaluation
up to 1962 has been reviewed by Edey (1966). Whilst providing
valuable historical information, Edey's review lacks mathematical
detail, particularly insofar as the method in use by 1962 is concerned.
At that time the genetic merit of a sire was estimated using the
""difference from expectancy'' method of evaluation. A detailed
description of this method was provided by Searle (1964a) when
comparing the New Zealand method of sire evaluation with those of
Great Britain and New York State. According to Searle, the genetic

merit of an A.I. sire was estimated using the following procedure:

Estimated sire merit = 2 rating + breed average

where: Rating = F[X -(B+0.9(5- B))]
= F[X -0.95-0.1B]

and where: B = The breed average of all cows in the

particular Herd Improvemen. Association,

= The overall mean of the herdm.ate

g =
averages to which the daushters of the
sire were compared,

= = The average productior. o: v aaagnters
of the sire being evaluatez,

0.9 = The regression of daughter v+ 1;e on

true herd average (effect.ve.y atra-sire
regression of daughter averayc =
herdmate average).

F = The regression of the sire's . :tuze daughte o

production on his estimatec .rue davpgme -

average,

There are a number of features of this method of evalu«“in

warrant discussion:



A, Age-Correction Factors

All averages (breed, herdmate and daughter) were calcusatec on
a '"mature equivalent' basis to remove the effect of age at cziving on
production. Animals aged 5 to 9 years inclusive, were considered to
be mature. Those aged 2, 3 and 4 years had their production records
age corrected to a mature cow level using simplified herd-level age-
correction factors obtained from the method of Searle (1960). Cows
aged 10 years or older, had their records age corrected also, but

such records were only allowed to contribute to herdmate and not to

daughter averages.

Corrections for age at calving were designed to estimate the likely
production of the young or very old cows had they been mature (i.e., 5 to
9 years old) and made a production record under identical environmental
conditions (Searle and Henderson, 1959). That is, corrections for age
were not meant to be predictions of the future production of young cows
when they ultimately reached maturity or the past production or old
cows. The use of age corrections allowed the daughters ot an individual
sire to be compared on a within-herd basis, to an average which
included all herdmates milked in the same year. This ccn.parison
with all herdmates was expected to increase the accuracy oif the

evaluation of a sire.

Despite offering an opportunity for increasing the acc .-~ o1 sire
evaluation, the use of age corrections came into dis:avour o
introducing errors into progeny testing (N.Z. Dairy Board, .=7{;.
Correcting for age led to a sire-by-herd interaction of a magniiudc
sufficient to bias sire evaluation (Rae, 1971). The reasoz why age
corrections were the cause of sire-by-herd interaction reguires
amplification as set out below.

Kay and M 'Candlish (1929) noted that in estimating orocuctive
changes associated with age, the age of an animal was us « an
index of production at maturity. Searle and Henderson (1G. ,
suggested that corrections for age may be more accurate if w. -
levels of individual herds were taken into account in the age-corroc i,

procedure because of herd differences in rearing and feeding, particularly

as these affect the performance of young animals. They ebtaine~



support for their suggestion through significant regressioas o: ~he age
corrections on the age-corrected herd averages for all age groups
being corrected; the data were obtained from herds in the State of

New York.

Other studies have demonstrated a relationship between the
production level of the herd and the actual amount by which the
production of young animals changes with age. Ward and Campbell
(1938) found 2-year-old cows in low producing New Zealand herds to
increase in production by a greater amount than their counterparts in
high pfoducing herds. Conversely, Castle (1955), as cited by Searle
and Henderson (1959), found the intra-herd productive difference between
young and mature cows in New Zealand to be greater in high producing
herds than in low producing herds. In the United States, Hickman and
Henderson (1955) obtained a negative correlation between the level of
first-lactation production and the subsequent increase in pruduction
when a cow entered her second lactation, a finding which supports that

of Ward and Campbell (1938).

Inter-herd differences in the amount by which production ::ters
with age form the basis of an age-by-herd interaction component in
age-corrected records if the correction procedure disregards trese
differences. Herd-level age-correction factors, developec 5+ mczrle
and Henderson (1959), appeared by design to take account o: _.:
variation and thus any interaction that might exist between L -
environment and the effect of age at calving on production. .ovrever,

Searle (1962a) demonstrated that in terms of minimizing an age-~by-herd

interaction component in corrected records, the simrpiit - ierd-levei
factors in use in New Zealand (Searle, 1960) were only = superior
to another correction procedure not designed to take acc. “ne

requirements of individual herds.

If an age-correcting procedure is accompanied by an age-, - .ord
interaction component in the corrected records, and if i hiz “sugrrers o
the sires being evaluated are unevenly distributed among:t ¢ 2eric: o
herds, then sire-by-herd interactions are likely to be introc-:_«d ox
if already present, magnified. Accordingly, R.H. Mille: Mo nrocl
and Dickinson (1970) suggested age-correction factors be caiculi.izd on

a within-herd basis., Whilst this may overcome the prcolers of an



10.

age-by-herd interaction component in the corrected records, irom a
practical standpoint the suggestion may be unrealistic due to the

amount of computation involved.

The problem of an interaction between environment and the amount
by which production changes with age can be extrapolated to the
regional level. Studies by the N.Z. Dairy Board (1961) and the
N.Z. Jersey Cattle Breeders' Association (N.Z. Dairy Board, 1961)
demonstrated that increases in production of young animals with age
were not uniform in all districts of New Zealand. The districts, each
represented by a Herd Improvement Association, differ in features
such as climate, soil type and management policies and therefore,
considering the discussion so far, regional variation in the productive
change due to age is to be expected. Accordingly, age-correction
estimates were computed separately for each Herd Improvement
Association (N.Z. Dairy Board, 1961). In the United States,

R.H. Miller (1964) detected regional variation in age-correction
estimates. Similar findings were obtained by McDaniel and Corley
(1966) who, along with P. D. Miller, Lentz and Henderson (1970)
concluded that biases in sire evaluation would result if regional
variation in age-correction requirements was not taken into account.
The use of age-correction factors specific for a Herd Improvement
Association implied that the required age corrections tox .ach nord
within an Association were the same, but the validity of that .rr-plication

has been questioned above.

Accurate age correcting of lactation records is conir:ontes: ' iner
difficulties. For example, the unbiased estimation of age-ccrvcoicn
factors is complicated by the practice of culling on the basis &f “revious
productive performance (Lush and Shrode, 1950). Henderson (1949}
introduced a method, referred to as "'maximum likelihocd'!, for
estimating fixed effects (such as age effects) in situations wheie
selection has been practiced and, more especially, wherec product.ve
performance is incompletely repeatable. Where large ainocnts
data are involved, Henderson's method is difficult to apply fro~ -
computational standpoint. Despite this drawback, R.H. Miller, harvey,
Tabler, McDaniel and Corley (1966), P.D. Miller and Hendezsson {1963,
P.D. Miller et al. (1970) and Wickham (1972) have successfully applied

Pl



Henderson's method for estimating age effects using a variety of linear
models. Whether maximum likelihood estimates of age effects, which
are really best linear unbiased estimates (Henderson, 1973), are free
from the problem of age-by-herd interactions, has yet to be determined.
In the case of R. H. Miller et al. (1966), for example, age-by-herd

interactions were simply assumed to be non-existent.

The use of age corrections can be avoided by a within age
(or contemporary) comparison of the average production of a sire's
daughters with their herdmate average. The contemporary comparison
is usually confined to first-lactation records to avoid biases resulting
from practices such as differential culling of the daughters of different
sires. Recently,McDaniel, Norman and Dickinson (1973) studied the
merits of the contemporary comparison as opposed to comparisons
involving all herdmates for sire evaluation. They concluded that the
main disadvantages of the use of the contemporary compariscn,

especially where the average herd size is small,were:

(i) A loss of useful information in some herds 1ue ro = rack of
paternally unrelated contemporaries to wnic . the caughters

can be compared, or

ii) less precision in sire evaluation since the ¢ cc... Grar
p i i
comparison involves fewer animals than if all he L3

are included in the comparison.

In most New Zealand herds, the number of daugnters -:..
contemporaries is sufficient to allow the use of the conterr o7 vy
comparison in sire evaluation (N.Z. Dairy Board, 1970). T cverage
size of New Zealand herds is larger than that of most counirive e
a result, the above-mentioned disadvantages of the contemporarv

comparison are unlikely to be as important.

The use of age corrections to conduct sire evaluations ir New
Zealand is generally unnecessary and therefore, the biases =5:ucia -
with their use can be avoided. The practice was discontinu-¢ . ¢

1969-70 dairying season.



B. Intra-Sire Regression of Daughter Performance or

Herdmate Performance

Effectively, the intra-sire regression of daughter produc..cn on
herdmate production is an adjustment for the non-rardom usa_ < of
the sires being evaluated amongst herds of differing production leveis
(Henderson, Carter and Godfrey, 1954). Thus, a possible source of
bias in sire evaluation resulting from genetic differences . etween
herds should be overcome by the use of an intra-sire regression of

daughtef average on herdmate average.

The value of the intra-sire regression of daughter performance
on herdmate performance is expected to vary in accordance witi
differing circumstances. For instance, if differences in ne.a
production are entirely genetic in origin, the regressior nas - w1=iiting
value of 0.5, whereas, if herd differences are entirely cavir crcicai.
the limiting value is 1.0 (Robertson and Rendel, 1954).

Pirchner and Lush (1959), the continued use of A.I. will « o ... |

eliminate all the genetic variation among herds. Tlarv+-. -. re:: n
may change in value according to how the herdmate averac. gecined
was suggested by R. H. Miller (1970). Support for tris ~ - o

came from an empirical demonstration (Bereskin, 1%¢3,
R. H. Miller, 1970), of a decline in the regression wre: .. Lo

close relatives of the daughters were included in tke rer.ms @ -0 3¢

An examination by Pirchner and Lush (1959) o. the tkec ~o .oz
expectation of covariance and variance terms of thc in ra-:._.->
regression coefficient of daughter production on their e
averages, where the herdmate average excluded oniy th . e¢cc..c o
the daughters and their half sisters, showed that the value of tire
regression estimate is dependent upon herd size. If, sowever,
daughter performance is regressed on the adjusted herdm.a:«
as defined by Heidhues, Van Vleck and Henderson (1Gol), ii.

does not depend on herd size (Mao, Henderson and P. 3. Mill

The New Zealand estimate of the intra-sire :egrocalca of Juupne
performance on herdmate performance for milkiat yi1d &
implied that, on average, 20 percent of the betweer-hera ditisrence in

production was genetic in origin (Rae, 1971). The resuli=



3.

number of studies support the use of a general estimate of the
regression of 0.9. Searle (196la), studying age-correcte’ milkfat
records produced by both A.I. and naturally-bred cows iii ...c New
Zealand dairying seasons of 1956-57 (2,901 daughters, 51 sires) and
1957-58 (4,195 daughters, 62 sires), estimated the regression to be
0.94 and 0.90, respectively. In a further study, using records
produced only by A.I. -bred cows (10, 550) in the 1959-60 season,

Searle (1963) estimated the regression to be 0. 83, Searle suggested
the smaller estimate of the latter study may have been due to the fact
that the records analysed were from cows sired by A.I. exclusively.
The basis of this suggestion may have been due to the estimate of 0.6
of Henderson et al.(1954) when the milkfat records of only A.I.-bred
cows (7, 850 daughters, 128 sires) were analyzed. The estimate in

the study of Henderson et al. (1954) was based on the regression of
first-lactation performance on a contemporary herdmate average.
Later, using a larger body of data (10,292 A.I.-bred daughters,

595 sires), Henderson and Carter (1957) obtained an estimate for m: kfat
yield of 0.911 and admitted that the former value of 0.6 was

" . . . surprisingly low'. Henderson and Carter did not explic.itly
define the herdmate average used in their study, but since they concl!uded

" . the accuracy of progeny tests can be improved materially by

expressing each record as a deviation from the average «° 1! .tner cows
freshening in the same herd, year and scason.', onc poesor oLt
such an average was used in their calculations. If so, .o. dilrence

between the estimate of Henderson et al. (1954) (0.6) aand tnar of

Henderson and Carter (1957) (0.911), where a conten.porary srcrdmaie

and herdmate average were used respectively, adds furthz: zort to
the suggestion of R.H. Miller (1970) mentioned earlier ur. ° .. vifw
of the regression may depend on how the herdmate average is /= “rnzc.

An analysis by Robertson and Rendel (1954) of milk productica rocar i
made in Great Britain gave a regression estimate of 0, ¢S5. 1. 2Zuitvion
breed differences were revealed through the estimates oi ES

1.08 for the Shorthorn, Guernsey and Friesian breeds, : : v

Estimates of the regression for milk yield and m.ilkia e

usually been similar in size. As far as fat percentage is o

Robertson and Rendel (1954) obtained a lower regression egtimaiz oi



14,

In proposing a reason for the low estimate of the regression in the
case of fat percentage, Robertson and Rendel stated: '"Probably a
fair proportion of the variation between herds is therefore genetic in
origin, This is in line with evidence that the effect of increased
feeding in commercial herds is an increase in yield with little change

in fat content., "

In a study of 418,139 mature-equivalent United States records
R. H. Miller (1970) obtained breed, age at calving, trait (milk yield,
milkfat yield and fat percentage) and regional differences in the
estimate of the regression of daughter performance on herdmate
performance. In line with Robertson and Rendel, R.H. Miller
obtained an average estimate for fat percentage (0.7) which was lower
than that for milk and milkfat yield (0.9). An average value of 0.9
for milk yield, whilst being suitable for the Holstein breed, was found
by R.H. Miller to be too high for the Ayrshire, Jersey and Brown Swiss
breeds but too low for the Guernsey breed. As far as age at calving
is concerned, Miller drew attention toa ' . . . striking . H
increase in the regression from first to second lactation. He concluded
that the use of a general regression estimate of 0.9, the representative
value for milk or milkfat yield in his study, may introduce biases :into
sire evaluation and that the accuracy of sire evaluations is likely to
increase if the intra-sire regression of daughter performanc
herdmate performance is made more appropriate to the conaitic.
each sire's evaluation. Earlier, Henderson and Carter {1957} ...
observed breed, year, and seasonal variation in the regressicn

estimates, but noted that the differences were too small for sipui.icance.

The claim by Pirchner and Lush (1959) that continued use of A ]
would eventually eliminate all genetic variation among herds was
investigated by Mao et al. (1972). Mao et al (1972) analysed approx. -
ately 900,000 milk records of Holstein cows sired by A.I. ot i.ca
over the period 1956 to 1968. Their analysis produced = 202
estimate of 0.933 (L 0.002) for the intra-sire regression ol deung.ie.
performance on herdmate performance with no significan- vhe
yearly estimates. Thus, this analyses did not support the cizir rrade
by Pirchner and Lush (1959) that the genetic variance between herds

would be progressively reduced. Nevertheless from a linear
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regression of relative genetic variation among herds on years
(weighted by inverse of variance within years), assuming no
covariance between herd genetic and non-genetic variates, Mao

et al. were able to demonstrate that, in fact, the additive genetic
variation relative to total variation among herds had been decreasing
by 0.6 percent a year since 1959 in the Holstein A.I. population in
North-eastern United States.

The use of a single overall estimate of the intra-sire regression
assumes that the regressions are linear and homogeneous for all sire
groups. From an analysis of first-lactation records made by 44, 975
A.I.-bred cows, Van Vleck (1963) found the intra-sire regression to
be statistically heterogeneous over sire groups and that curvilinear
regression accounted for a statistically significant reduction in
variation above that accounted for by linear regression. Van Vleck
concluded that from a practical standpoint, unless the herdmate
average deviated widely from the breed average, the use of a common
linear intra-sire regression of 0. 88 was satisfactory for adjusting

average daughter yield for herdmate level.

Notwithstanding the support these estimates give to the use ot
an intra-sire regression of 0.9, in 1969 the N, Z, Dairy Board
discontinued the use of an intra-sire regression to adjust aa.ghiex
averages for herdmate average (N.Z. Dairy Board, 1970). =~ .aumber

of factors may have contributed to this decision:

(i) Apart from the analyses of Searle (1961la, 1963), wmch
involved a comparatively small body of data, all the
estimates cited were from analyses of data obtainec :n
other countries, but the system of dairyfarming in New
Zealand is sufficiently different to that of other countries
to enable one to question the applicability to New Z ealand
conditions of regression estimates derived from overseas

data.

(ii) The extensive studies of R. H. Miller (1970) and M-« et a1,
(1972) which confirmed the estimate of 0.9 were 1npuoplished
when the use in New Zealand of an intra-sire regreciion
approach to adjust daughter averages for the genetic leveil

of their herdmates was discontinued.
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(iii) A study of New Zealand data by Brumby (1961) further
suggested that the regression should be unity since, in the
case of milkfat yield, genetic differences between herds

were non-existent.

Notwithstanding the above points, the results of a study by Evans
(1969) probably played the major role in bringing about the
discontinuation of the use of the intra-sire regression approach
to adjusting for herdmate level in New Zealand. Using the
reference bull(b) approach, Evans demonstrated that genetic
differences between herds were not uniform and that they were
dependent upon the extent to which A.I. had been used in the herds
being compared. In addition, he demonstrated that the genetic level
of the herdmates could be accurately predicted from a knowledge of
the genetic rating of their own sires. (This is considered in more

detail in Chapter 2, Section III.)

C. Intra-Sire Regression of Future Daughter Productfio: oi

Estimated True Daughter Level

The factor F (see p. 7 ), the coefficient of the re, - - of a
sire's future daughter production on his estimated tr.c « .
average,was separately obtained for each sire from thc exr: Yo
n/(n + 15) where n was the number of daughters contributiry vc o sir.: s
daughter average (Searle, 1959, 1964a). Factor F can also o
interpreted as the regression of one-half the sire's adaitive geaevic
value on the difference from expectancy of his daughters. Howe.cy,
it is incorrect to interpret the regression the other way rounc es i:
Searle (1959), thatis, ' . . . the regression of the "differ:nce irom
expectancy' on one-half the sire's additive genetic value.! The

formula for obtaining the regression of one-half the sire's addirti- «

genetic value on the difference from expectancy of his daughtexrs is-

(b)

The reference bull technique requires that the genetic mer't

of a bull be separately estimated in the two herds (herd groups)
being compared. Since the genetic merit of a bull is constant,
the difference between the two estimates of his genetic merit
represents one-half the genetic difference between the herds
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174 h%n
1+(n-1)t
2 . ‘1
where: h = heritability
t = the intra-class correlation amongst the

phenotypes of paternal half sisters consisting

of two components:

/4 n? + cz.

This formula is valid only if first-lactations of the sire's
daughters are used to obtain the difference from expectancy. The
additive genetic variance which paternal half sisters have in common,
is 1/4 h2, whereas, c2 represents the extra correlation due to factors
other than the sire which a set of half sisters may have in common,

but which differ for each set of half sisters.

Since c2 is in the denominator of the formula for the regression
of one-half a sire's additive genetic value on his daughters' difference
from expectancy, the accuracy of the prediction of the additive genetic
value is increased if c2 is decreased. If in fact c2 = 0, and if
h2 = 0.25, the above formula simply reduces to n/(n + 15). A way
of achieving a reduction in the size of ¢, to the point where it may
be considered to be zero, is through arranging for each daugnter of

the sire being evaluated to be recorded in a different herd.

That the extra correlation amongst the records of paternai nalf
sisters, cz, can be important in affecting the accuracy of sire
evaluation has been demonstrated. nCommonly, c2 is broadly stated
as being determined by '"environmental'' factors. However, Bereskin

and Lush (1965) drew attention to other determinants of ca, these are:

(i) Correlations amongst the additive genetic values of the

mates of a sire.

(ii) Correlations between the additive genetic value of the sire
and the average additive genetic value of the cows to whica

he was mated.

(iii) Correlations involving both genetic and environmental effects.



18.

In a comparison of three methods of distributing the daughters
of a sire amongst a series of herds, Bereskin and Lush (1965)
studied the effect of c2 on the repeatability of sire proofs. The
method of interest here was that where the herds were chosen at
random, and where each herd often had only one daughter of the
sire being evaluated. This system of distributing the daughters
was regarded by Bereskin and Lush to be ", . . very similar to
that prevailing under ideal A.I. conditions.' Despite the fact that
their data approached the ideal situation of one daughter of the sire
per herd, Bereskin and Lush demonstrated that the use of production
deviations (obtained from comparing daughter and herdmate averages)
did not completely eliminate residual herd-year-season interaction
variance from their data and that, in turn, this variance resulted in
an extraneous correlation (c2) of magnitude sufficient to bias sire
evaluation. Accordingly, Bereskin and Lush noted the advisability

of having only a single daughter of the sire in each herd.

In a study of first-lactation records, Van Vleck (1966b) estimated
the environmental correlation amongst the records of paternal half
sisters recorded in the same herd to be 0.08. Since the fraction of
daughters of an A.I. sire in the same herd relative to the fraction in
different herds is small, Van Vleck concluded that the correiation is
unlikely to be important in the evaluation of A.I. sires. Th.s
conclusion was supported by his earlier demonstration (Van Vleck,
1966a) that the correlation may not be important in A.I. sirc
evaluation in the United States. However, in evaluating sires by
natural service, the distribution of daughters is a direct opposite of
that for A.I. sires and, in both studies, Van Vleck concluded that
account should be taken of the correlation c2 in the evaluation of

natural service sires.

The lack of concordance between natural service and A.I. sire
evaluations, observed in New Zealand and elsewhere, is attributable
in part to the effect of the correlation c2 (Van Vleck, 1966u}.

Arora and Freeman (1970) obtained a common value for the correlation
c2 of 0.11 for A.I. and non-A.I. populations and concluded that the

correlation should be taken into account in sire evaluation.



If each daughter of the sire being evaluated is located in a different
herd, and if sires are used at random in a series of herds, ther it is
reasonable to assume that the correlation c2 is zero. As far as the
New Zealand method of evaluation is concerned, c2 can be assumed to
be zero since the foregoing requirements seem to be met through the
N.Z. Dairy Board's sire proving scheme as described in the following

sub-section.

In the derivation of the regression coefficient n/(n+15), a
requirement which needs to be met is that only first lactations of the
sire's daughters be used to obtain their difference from expectancy.
Searle (1964a), using the method of Henderson, Kempthorne, Searle
and von Krosigk (1959), demonstrated that culling, based on previous
lactational performance, was responsible for biases in sire evaluation
if second or succeeding daughter lactations were used for calculating
differences from expectancy. However, Searle (1959, 1964a)
developed an alternative expression which allowed the bias to be
avoided if second or later lactations were included in sire averages.
Even though the bias resulting from culling can be overcome, the use
of second or later lactations is inadvisable. For instance, the use of
second or later lactations means that records have to be age corrected

which, as already indicated, can lead to other difficulties.

D. New Zealand Dairy Board's Sire Proving Scherae

An integral part of the New Zealand method of sire cvaluai.on ::
the N.Z. Dairy Board's sire proving scheme, introducec i. 195%
(N.Z. Dairy Board, 1961). Under this scheme,insemination
young unproven bulls are distributed amongst a large number -f
proving herds. Farmers participating in the scheme are paic o. t..¢
Dairy Board not only for using semen of unproven bulls, but alsoc rcr
guaranteeing to record all daughters that come into niilk threc yeass
later. Prior to 1961, inseminations from unproven si=:s we::
distributed amongst all herds using A.I. However, under 'ncsc
circumstances, only five tested daughters were obtained icr every
100 inseminations although, on average, 100 inseminations produac. -

21 milking 2-year old heifers. The discrepancy betwean tae zuri b
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tested and the number of daughters actually in milk, resulted from

the fact that not all herds using A.I. were herd recording.

It was demonstrated (N.Z. Dairy Board, 1961) that testing all
daughters of an unproven bull reduced the number of inseminations
required to pr;)duce a sufficient number of daughters on whose
productive performance the bull's evaluation was based. Searle
(1962b) gave the reduction in the number of inseminations to be
approximately 700 per unproven bull. A reduction in the number of
inseminations from each unproven bull allowed more bulls to be
evaluated, but because the number of replacement bulls required
for the proven bull team remained the same, a higher selection
differential could be achieved. The increased selection differential,
coupled with an overall reduction in the use of unproven semen, was
expected to bring about an increase in the rate of genetic gain in the

A.I. population (N.Z. Dairy Board, 1961).

III. SIRE EVALUATION IN NEW ZEALAND SINCE 1969

The N.Z. Dairy Board continued to use the method of sire
evaluation as outlined on page 7 for a number of years onetfore
introducing major changes in 1970 to the method (N.Z. Dairy Board,
1970). There were several aspects relating to the changes that were

made and these will now be considered.

Prior to 1970, the herdmate averages to which the daughters of
the sire being evaluated were compared were calculated using only the
production records of naturally-bred herdmates (Searle, 1964a. N,Z.
Dairy Board, 1970). In contrast to A.I.-sired cows. natura:iv-br~d
cows were assumed to have been sired by bulls whose average :exnctic
merit equalled that of the population. Through including the records
of only naturally-bred cows in herdmate averages (th. reby excluding

" the records of all A.I. -sired cows), it was assumed that a sire's
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estimated genetic merit (expressed relative to the population average)
was unbiased by the genetic superiority of any A.I. -sired herdmates
(N.Z. Dairy Board, 1970). That New Zealand A.I. -sired cows are
genetically different to naturally-bred (assumed to be non-A.I. -sired)
cows has been demonstrated by Evans (1969) and by the Farm
Production Division of the N.Z. Dairy Board (1974). The results

of the latter study are given in Table 2.2.

Farmers making use of A.I. in their herds often retain sons of
A.I. sires for use in natural mating. Thus, although some cows are
identified as being naturally bred, in fact they have A.I. -bred
ancestors and, for reasons already discussed, these cows are unlikely
to be genetically average. Since A.I. sires are not uniformly used in
a series of herds, a bias in sire evaluation may occur due to variation
in the genetic averages of the herdmates to which the daughters of the

different sires are compared.

Studies in the United States by Norman, McDaniel and Dickinson
(1971) and Henderson and co-workers (unpublished) have demonstrated
that variation in the genetic levels of herdmates does occur in practice.
The studies of Van Vleck, Henderson and Carter (1962), R.H. Miller
and Corley (1965), Bereskin and Freeman (1965), Hillers and Freeman
(1966), and Bodoh and Shook (1972) indicate that, although the intensity
with which the mates of each sire have been selected may be significantly
different from sire to sire, this is an unimportant sourcec »i error in
sire evaluation. Furthermore, Ronningen (1971) showed tha: the
production deviation of a sire's mates, together with the heritability of
the trait, must be very high before the records of the mates aced to be
considered. Thus, variation in the genetic level of herdmates is more
likely to be due to a differential genetic merit of the sires and not the
dams of the herdmates. Accordingly, Norman et al. (1971) suggz=sied
herdmate averages should be adjusted by some function of tre genetic

merit of the herdmate's sires.

From the point of view of adjusting herdmate averages according
to the genetic merit of herdmate's sires, a study of importance to <ire
evaluation in New Zealand was that of Evans (1969). On the basis of
the ratings of proven A.I. Jersey sires, Evans calculated arn expected

rating for each of 223 sons of these proven sires. The son's observed
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Table 2.2 New Zealand Dairy Board's within-herd production
comparison of identified A.I. ~-sired cows with other
(non-A.I.) cows in the 1972-73 dairying season.

A 1 Production difference (in favour

ge class of A.I.-sired cows)
Milk (1b) Milkfat (1b)

2 years 458 23

3 years 333 21

4 years 399 21

5 years and over 297 15
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milkfat ratings, obtained from their own progeny tests, were then
regressed on their expected ratings, A regression coefficient of
0.96 was obtained which, when compared to an expected value of

1.0, indicated that the prediction of the genetic merit of sons of
proven A.I. sires was on average 96 percent efficient. On the
other hand Evans found the production information of the dam's of the
sons predicted the son's genetic merit with much less precision,

being on average only 50 percent efficient.

The findings made by Evans (1969) of a strong relationship between
the est'imated genetic merit of proven sires and their sons is important
since, as noted by Robertson (1960), the success of an A.I. scheme
relies on the identification of young bulls which are above average in
genetic merit. Robertson (1960) introduced the idea of regressing
the progeny test result of a son on that of his sire to assess the
accuracy of a sire evaluation procedure in identifying sons of high
genetic merit. In the case of milk yield, Robertson (1960) demonstrated
that the contemporary comparison method of sire evaluation (MacArthur,
1954; Robertson, Stewart and Ashton, 1956) was only 70 percent
efficient in identifying sons of above average genetic merit. This
finding was confirmed by the study of #degird and Robertson (1968).

In contrast, studies by McDaniel, 1969; Dickinson, McDaniel,

R.H. Miller and Lytton, 1969; and @degard, 1968, have shown thu:

the observed regression of son's progeny test on that of their sires
approximated the expected regression for milk yield, indicating that
the sire evaluation procedures concerned were operating very close

to their theoretically expected precision. Thus, the ratings of
proven sires appear, on average, to be a reliable basis for tae
prediction of the genetic merit of their progeny. Nevertheless,
Searle (1964b) has shown that in selecting sons of proven sires a
knowledge of the sire's genetic merit should not be substituted for =
progeny test of the sons themselves. Searle (1964b) dernsastratec
that for a heritability of 0.25 for a trait, the most accurace evaluation
of a sire's genetic merit provides no more information about 4 ccn's

true genetic merit than does a progeny test based on five daughters of

the son.
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The demonstration by Evans (1969) of the low utility of a dam's
milkfat production records as a means for predicting a son's genetic
merit is in accord with the results of studies elsewhere. Using the
selection index approach for predicting the genetic merit for milk
yield of the daughters of a young bull, on the basis of information at
various points in his pedigree, Van Vleck (1969) demonstrated that
exclusion of dams' records brought an unimportant change in the
efficiency of the index. Similarly, Van Vleck and Carter (1972) and
Lindstrém and Maijala (1972) showed a low relationship between dams'
milk yield information and the genetic merit of their sons. These
results do not mean that information on the dams is of no use for
predicting the genetic merit of their sons in order to distinguish those
that should be progeny tested for possible use in A.I. Rather, they
imply that since dams of young bulls are usually a selected group,
differences among them are of little consequence in predicting the
genetic merit of their sons (Van Vleck and Carter, 1972)., Moreover,
Van Vleck (1969) found the most efficient selection index to be one that
included the records of the dams, i.e., the proofs of the sire and
maternal grandsire of the young bull and the production performance
of his dam. Van Vleck and Carter (1972) found this to be "' . . . a
very effective method of gathering a superior group of young bulls for

further sampling in A.I. . . . "

The method of sire evaluation introduced by the N.Z. Dairy Board
in 1970 utilizes ancestral information and, in particular, capitalizes
on the reliability of the estimated genetic merit of a proven sire in
predicting the genetic merit of his progeny. The outline of the method
(N.Z. Dairy Board, 1970) is as follows:

Sire's rating Sire's

-}-E—Cg—l + R (Difference)

where: E.G. V.

The expected genetic value of the sire, obtained
from the estimated (expected® genetic value o:i
his ancestors, notably the ratings of his sire
and maternal grandsire plus the produciion
record of his dam. When ancestral information
is unavailable, i.e., when nc ancestors are

A.I.-bred, the sire's E.G.V. = 0.
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Difference (Daughter average - Herdmate average) -

(Daughters' E.G.V. - Herdmates' E.G.V.)

= The within-herd, within-age average production
deviation of the sire's daughters from their
herdmates, adjusted by the expected difference

between the genetic averages of the two groups.

R = The regression coefficient of adjust the deviation

of a sire's actual rating from his expected rating.

Calculation of the herdmates' E.G. V. estimates the genetic level
of the herd and thus the need for an intra-sire regression of daughter
performance on herdmates' performance to take account of genetic
differences between herds is overcome. The use of the herdmates'
E.G.V. in calculating ratings should avoid the bias in sire evaluation
due to unequal genetic merit of the herdmates. If no reliable
ancestral information is available (i.e., no A.I. ancestry amongst
the herdmates) the genetic level of the herd (Herdmates ...G.V.) is

considered to be zero.

The use of the coefficient n/(n + 15) (factor F) for the « 'r'ssion
of the genetic merit of an unproven bull on his true daughie¢r average
is inappropriate when the bulls being evaluated are initialiv se.ected
on the basis of ancestry, i.e., not chosen from the populatior. at
random (Rae, 1971). The value for R is obtained, according to the
circumstances, from the use of a selection index to combine
information from different sources (e.g., sire's rating of the
unproven bull, unproven bull's true daughter average, production
records of the unproven bull's dam) to estimate the genetic merit of

the unproven bull.
The accuracy of the above method of evaluation, particularly

insofar as the ranking of older sires in comparison to sires in younger

age groups is concerned, is a major aspect of this thesis.
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IV. GENETIC TREND

A. Genetic Trend as a Bias in Sire Evaluation

Van Vleck and Henderson (1961a) estimated the increase in the
genetic. merit of the Holstein population of New York State in the
period 1951 to 1959 to be approximately 0.5 percent of the population
production mean per year. Subsequently, Van Vleck and Henderson
(1961b) found that the ranking of 38 sires with daughters having
lactated in that period (1951 to 1959) was only slightly altered by the
adjustment of each sire's estimated genetic merit for the effects of
genetic trend. However, by present-day standards a genetic trend
of 0.5 percent of the population mean per year is generally regarded
as being low. Harville and Henderson (1967) estimated that the
genetic merit of the Holstein population in New York State increased
by 0.7 percent of the mean per year in the period 1956 to 1962 and
demonstrated that the correlation between the estimated gcaetic merit
of sires before and after adjustment for genetic trend effects was
almost unity, a result which supports the findings of Van Vieck =i.a
Henderson (1961b). In addition, however, Harville and Hencerson
demonstrated that the ranking of certain categories of sires was
significantly altered by adjustment for the effects of genetic trend.
According to Henderson (1973), the level of genetic trend in tne cow
population of New York State by 1966 was responsible for sufficiert
bias in the herdmate comparison method of sire evaluation (Heidhues
et al., 1961) to justify the introduction of methods unbiased by genetic
trend. The way to overcome the bias is by judicious grouping of

sires by making direct comparisons between sires as opposed to

comparisons with herdmate or contemporary averages (i.cntz,
P. D. Miller and Henderson, 1969). A method which utilizes the

direct comparison approach is studied in this thesis.
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B. Methods for Estimating Genetic Trend

The major impetus behind the development of methods to
estimate genetic trend has come from the desire to determine the
success of selection programmes. However, the estimation of
genetic trend, unconfounded with environmental effects and other
biases, is not straightforward. Basically, three approaches to
this estimation problem have been used for dairy cattle populations.

The approaches are:

(1) Prediction from theory. The average genetic gain per year

in a population can be predicted from knowledge of:

(1) The average genetic superiority of the animals selected

to be parents over the group whence they came and;

(ii) the average generation interval in the selection programme

(Dickerson and Hazel, 1944).

The genetic superiority and the generation interval may bc¢ different
for males as opposed to females so that in applying the m thoad cf
Dickerson and Hazel to a dairy cattle population, Rendel . :.d Robertson
(1950) obtained these parameters separately for each of t.. four

pathways by which genes are transmitted to a succeeding gene ration.

That is:

G = Isire to son Isire to daughter HDam to son ™ Dam to daugnter

L'Sire to son +I"Sire to daughter *LDbam to son *Lpam to daughter

where:
L = Generation interval.
I = Genetic superiority of the animals selected to be parents over

the average of their contemporaries.

I, which is also the genetic selection differential, is calculatec

for each pathway using the formula:

I = ih(
g
where:
i o= Phenotypic superiority of the selected animals expressed in

standard units.
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=2
1]

Square-root of heritability.

=
1}

Additive genetic standard deviation.

The prediction approach for estimating genetic gain has often
been used to provide a basis on which the efficiences of alternative
selection programmes can be compared since the criterion of success
in a selection programme is normally the genetic gain the programme
is likely to produce. Robertson and Rendel (1950) demonstrated that
the efficient use of progeny testing in association with A.I. should,
theorefically, be capable of producing rates of genetic gain per year
of 1.69 and 2. 05 percent of the population mean for milk yield in
populations of 2,000 and 10,000 cows, respectively. Specht and
McGilliard (1960) found that for an A.I. population of 10,000 cows
the rate of genetic gain obtained from progeny testing varied between
1.7 and 2.3 percent of the population mean per year depending upon
the number of young sires sampled each year and the proportion of
these sires that were ultimately selected for routine use in A.I.
Based on a population size of 60,000 cows, Legates (1971) c ncluded
that the judicious use of progeny testing in association wi k - .I. should
produce a genetic gain per year of 1.8 percent of the pop i3t n mcan.
In a study of the optimum utilization of young bulls in an A.I. schemne
involving 66,000 cows, Skjervold (1963) obtained a highest ~ :lu2 of
1. 8 percent of the mean per year for the genetic gain in milx
production which is the same as the estimate obtained by Legztes

(1971).

A number of research workers have employed the technigue of
Robertson and Rendel (1950) to predict the amount of genctic gain
achieved. Rendel and Robertson (1950) assessed the genetic gain per
year in a closed herd not making use of progeny testing tc oe 0.7
percent of the herd average for milk yield and estimated the maximum
possible genetic gain in such a herd to be 1.0 percent of the average
per year. For a closed herd of Red Sindhi cattle, Stonakexr (1953}
predicted the genetic gain due to selection to be 0.3 percent of the herea's
milkfat average per year. Based on data from a closed hc:d =f
Hariana cows, Acharya and Lush (1968) obtained an unusuaiiy high

predicted genetic gain of 2.5 percent of the herd average per «ca:
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This was attributed to the high values for the heritability and
repeatability which Acharya and Lush calculated from the data.

From an analysis of first-lactation records of the same herd,
using a method unbiased by inaccurate estimates of heritability,
repeatability or of age corrections (Smith, 1962), Acharya and Lush
(1968) obtained an estimate of the actual genetic gain of 1.5 percent of
the herd average per year. Even so, considering the estimate of
Robertson and Rendel (1950) of a maximum possible genetic gain in
a closed herd of 1.0 percent of the herd average per year, the latter

estimate of Acharya and Lush of 1.5 percent is again high.

The prediction method has also been used to determine the genetic
gain being achieved in selection programmes making use of progeny
testing and A.I. Syrstad (1966) estimated the expected genetic gain
per year in the Norwegian Red breed in the period 1957 to 1964 to be
approximately 1.0 percent of the average milk yield. The expected
genetic gain currently being achieved by the N.Z. Dairy Board's
progeny testing and A.I. scheme has been calculated by Jackson (1974).
After adjustment for a rise in the level of inbreeding, JTacksor obtained
an expected genetic gain of 6.8 lb. of milkfat per cow »er year which,
assuming a mature-equivalent average production of 3-0 lb. orf milkfat,
represents a genetic gain of 1.94 percent of the population average per
year. The structure of the N.Z. Dairy Board's breeding scheme was
outlined by Evans (1969) and shown to involve approximately 1 raillion
cows. Therefore, bearing in mind the studies of Robertson and
Rendel (1950); Specht and McGilliard (1960); Skjervold (1963); and
Legates (1971), an expected genetic gain per year for the New Zeziand

scheme of 1.94 percent of the mean (Jackson, 1974) is not unreasonable,

The major limitation of the prediction method for estimatinyg genetic
gain is that it is based on a simple model which assumes the genetic
and phenotypic parameters to be known, all genetic variance to be
additive, and all selection is applied to the single trait being consicered.
The rates of genetic gain predicted by this method have seldom ocen

achieved in practice, a point which is detailed in the ensuing ciscussion.
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(2) Estimation using a control population. An estimate of the

genetic gain achieved through selection can be obtained from a
comparison of the phenotypic performance of the selected population

with that of a randomly-bred control population maintained in the same

environment.

Legates and Myers (1966) and Legates (1971) have described the
use of this technique to determine the genetic progress, from 1955
onwards, in a selected group of cows in the North Carolina State
University herd. The estimates of the annual genetic gain in milk
yield in the two studies were 176 and 245 1b., respectively or,
alternatively, between 1.0 and 1.5 percent of the herd average per
year (Legates, 1971). On the basis of the technique of Smith (1962)
for estimating genetic change, Legates (1971) checked the reliability
of his estimate (245 lb per year) by calculating the genetic gain per
year in six state-owned herds which had used the same sires as those
used in the University's selected group. The estimated genetic gain
in the state-owned herds was 232 1b. of milk per year, an estimate
which agrees rather well with that obtained in the Uni ‘ersity herd
where the control population approach for estimating gene..< gaii. haa
been used. Hill (1972b) in his review of the work of L.egar.s ana
Myers (1966) commented: '"The population [control] has been maiatained
alongside one selected for fat yield, but has only 6 bulls per generation.
with about 20 cows in lactation, so trends will be difficult to detect

accurately."

The control population approach for estimating genetic gain has
rarely been made use of in genetic studies of dairy cattle populations.
Most probably, the major deterrent of the approach would be the cost
of maintaining special groups, of reasonable size, in which no genetic
gain is being made. That the control group needs to be of reasonable
size is made obvious by the studies of Hill (1972a, 1972b). In a
review of the general theory and design of control populations, Hhili
(1972a) drew attention to the possible sources of error associated with
this approach for estimating genetic gain. These are: Ranuom
genetic drift in the control population; genetic trend in the control
population as a result of natural selection; genotype-environment

interaction (differential response of selected and control populations
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to environmental changes); and the error of estimation of the
genotypic mean on the basis of the phenotypic mean of both populations.
Hill (1972b) attempted to assess the importance of these sources of
error through an extensive review of selection experiments, involving
predominantly laboratory species, in which control populations had
been used. It would appear that in designing control populations for
estimating the genetic gain in dairy cattle selection programmes, the
source of error requiring most emphasis is that arising from the
estimation of genotypic means on the basis of corresponding phenotypic
means. The cost of maintaining populations of sufficient size to
minimize the effects of this source of error probably does not justify

the use of the control population approach.

(3) Estimation in non-experimental data. A number of statistical

procedures for estimating the actual genetic change achieved by the
application of selection to dairy cattle populations have been proposed,
largely in response to the limitations of the prediction and control

population methods of estimation.

One of the first attempts to estimate the genetic change in milk
production, unconfounded with environmental effects, was that of
Lortscher (1937). His procedure relied on the principle that a cow's
genotype is constant and that any change in her milk productior with
time is due to a change in her environment. Accordingly, a

comparison between the age-corrected records of a given group of

cows in succeeding years should reflect the change in milk production
resulting from environmental trend. Once the contribution of the
environment to any change in the milk production of the population as

a whole has been determined, the genetic change can then be obtained
by difference. Nelson (1943) refined the technique of Lortscher (1937)
by the application of least squares to a linear model in which year and
cow effects were assumed to be fixed. Henderson (1949) demonstrated
that because of the combined effect of cow culling on the basis of
lactational performance and the incomplete repeatability of dairy cow
performance, the application of least squares where cow effects were

assumed to be fixed, leads to biased estimates of year effects.
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Henderson's description of the bias was: '"'The crucial point is that
least squares and similar methods are essentially year to year
comparisons of records of the survivors of each year's culling.
Therefore, if the survivors of culling made above herd average
records prior to the culling of certain of their mates, we should
expect these survivors' records to be less in succeeding years

[due to incomplete repeatability] and consequently to make it appear
that the environment is becoming poorer from year to year."
A statistical description of the bias was given by Henderson et al.
(1959) based on arguments analagous to those used by Lush and
Shrode (1950) in demonstrating the way in which culling and incomplete

repeatability bias age-correction factors.

If the cow effects in the model are regarded as being random
effects, application of a mixed model solution method of estimation
(Henderson, 1949) produces estimates of year effects which are
unbiased by culling or incomplete repeatability. This amounts to
having a prior estimate of the repeatability and, like the procedures
of Lortscher (1937) and Nelson (1943), Henderson's method reaquires
that the records be age corrected before the analysis of year effects.
The major limitations of this method are its sensitivit 1. ¢r.crs in
the repeatability and age-correction estimates, and the cco . ¢ Lal
effort involved when applied to large sets of data (Henderso.., 5
Henderson et al., 1959). Henderson stated that: '""For each pouaa tuo
much by which first-lactation records are built up, the environmental
trend is biased downward by 0.22 pound per cow per year. For each
0.01 by which the repeatability actually used in the estimation
procedure exceeds true repeatability, the down bias is 0.08 pounds
of fat per cow per year.'" Kempthorne and von Krosigk (in tflenderson
et al., 1959) developed a method for unbiased estimation or year effects
of which an initial phase was the estimation of the repeatanility from
the same set of data. Searle (in Henderson et al., 1959) grcoved that
for a known repeatability value, Kempthorne and von Krosig+'s method
is equivalent to that originally proposed by Henderson. A premic< on
which both methods operate is that the data have been previousiy age
corrected using accurate age-correction factors. Rendel and

Robertson (1950) demonstrated that for any given set of records, the
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genetic trend and age effects are completely confounded. This gives
rise to the impossible situation whereby an estimate of the genetic
trend is required for the accurate estimation of age-correction
factors which are in turn required to estimate the genetic trend.

It has only been in recent years that methods for estimating age-
correction factors unbiased by genetic trend have been developed

(c f. P.D. Miller et al., 1970).

Since the application of the method of Henderson (1949) for
estimating genetic trend may be prohibitive from a computational
standpoint, it has been used by comparatively few research workers.
Moreover, the studies in which the method has been used have
involved using only few data. In a study of the records made by cows
in 12 California herds in the period 1930 to 1960, Arave, Laben and
Mead (1964) used Henderson's method on an intra-herd basis and
obtained a pooled estimate of the genetic trend of 0.7 percent of the
mean yield per year. The analysis involved a total of 9, 742 lactation
records but the highest number of records for any on¢ herd, and
therefore the highest number for any one application of Henaerscn's
method, was only 1692. McDaniel, Plowman and Davis (1961)
proposed that the environmental trend be estimated on the pasis or
knowledge of the quantitative effect of changes in components of the
environment,for example, feeding levels, on milk production. in
order to test their proposition, McDaniel et al. (1961) used tlas
approach to estimate the environmental trend in a single herd 230
cows, 462 lactations) in the period 1952-1958 and compared the
estimate to that obtained using Henderson's technique. Despite the
fact that the two estimates of environmental trend in this example
were very similar, the accuracy, and also the utility, of the methoa
of McDaniel et al. (1961), especially in a multi-herd context involving
large numbers of observations, remains questionable. The method
not only presumes that all the components of the environment affecting
milk production can be identified, but also that their effects are

quantifiable. From a practical standpoint, this is unrealistic.
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A variation of the control population approach for estimating
the genetic change in a selected population was introduced by
Robertson and Rendel (1954). The average within-herd production
deviation (weighted by the inverse of the variance of the deviation)
of A.I.-bred cows, relative to their naturally-bred (non-A.I.)
herdmates, is an estimate of the genetic difference between the two
populations (Robertson and Rendel, 1954). In order that the
estimate of the genetic trend be unbiased, the A.I.- and non-A.I.
bred animals should be uniformly managed and the average genetic
merit of the dams of both groups must be equal. In a study of the
records of 3,152 cows (1,423 A.I.- and 1, 729 non-A.I.), Robertson
and Rendel (1954) demonstrated that A.I.-bred animals and non-A.I.
bred animals were not genetically different in terms of production.
However, at the time of their study, A.I. had not long been operating.
McDaniel and King (1974) applied the technique suggested by Robertson
and Rendel (within-herd comparison) to the analysis of about
4 million lactation records produced nationwide in the United States
in the years 1954 to 1969, inclusive. The results of the study
showed (after pooling the published estimates across cow age and
breed) that by 1969 the A.I. -bred population was genetically superior
to the naturally-bred population to the extent of 262 and 10 lb. of
milk and milkfat per cow, respectively. Results from similar
studies in the United States (Tucker, Legates and Farthing, 19060;
Van Vleck and Henderson, 1961a; and Corley, Duckwall and Heizer,
1963) corroborate the findings of McDaniel and King (1974). The
Farm Production Division of the N.Z. Dairy Board has also employed
the method of Robertson and Rendel to compare the genetic merit of
A.I.- and non-A.I, bred cows. The results of the most recent study
(N.Z. Dairy Board, 1974), involving 1,298 herds and 18, 600 A.I. -
and 28,864 non-A.I. cows have already been given in Table 2. 2.

Although the technique of Robertson and Rendel (1954) furnishes an
estimate of the genetic trend of one group relative to that of another, it
does not provide a reliable indication of the overall genetic trend in the
entire dairy cow population. It cannot be assumed for instance, that

the genetic trend in the '"control population' (i.e., naturally-bred cows)
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is zero since farmers may follow the practice of using the sons of
certain A.I. sires in natural mating, the offspring of which are
classified as being naturally bred. Moreover, this practice means
that the method of Robertson and Rendel is incapable of producing an
unbiased estimate of the true genetic difference between A.I.- and
naturally-bred populations unless the latter can be shown to have no
A.I. ancestry. If the use of their method is not restricted to the
analysis of first-lactation records, differential culling of A.I.- and

naturally-bred cows can be another source of bias in the comparison.

Van Vleck and Henderson (1961b) introduced a modification of
the procedure of Robertson and Rendel (1954) which, although
computationally more complex, produces an estimate of the genetic
trend in the A.I. population which is unbiased by the genetic trend
in the naturally-bred (non-A.I.) population. The method proposed
by Van Vleck and Henderson (1961b) is based on the application of
least squares analysis of weighted contemporary deviations obtained
from first-lactation records (avoiding bias due to female culling)
and furnishes an estimate of not only the genetic trer:c in the A [.
population (corrected for trend in the non-A.I. popul«tion), bat «lso
the genetic trend in the non-A.I. population. Van V. :ck and
Henderson (1961a) applied their method to the analysis of first-
lactation records made in New York State in the period 1950 o 15%
and demonstrated that, in fact, genetic trend did occur in the aon-A.I.
population as well as in the A.I. population. Although the method of
Van Vleck and Henderson produces an estimate of the genetic trend in
both the A.I. - and non-A.I. populations, it does not provide an
estimate of the genetic trend in the total population. For the latter
to be obtained, the proportion of the dairy cow population that were
either A.I.- or non-A.I. bred, would have to be taken into
consideration. Like the procedure of Robertson and Rendel (1954),
the method of Van Vleck and Henderson relies heavily on the
assumption that the A.I.- and non-A.I. bred cows within a herc
are uniformly managed and that the average genetic merit of the dams

of the two groups is equal.
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A number of research workers have employed a repeat mating
design or variation thereof to estimate the overall genetic trend
actually achieved by a history of selection in a population. Effectively,
the repeat mating method, first proposed for poultry populations by
Goodwin, Dickerson and Lamoreux, (1955) and elaborated further by
Dickerson (1960), generates a genetically constant control population
through the replication of equivalent genotypes in successive years.
Thus, the genetic trend can be estimated using the same principles as
the control population approach already described. The basis on
which repeat mating methods depend is that the genotype of an animal
is constant over time and therefore, the progeny produced by repeated
matings of two parents in different years have the same expected
genotypic mean. The method initially proposed by Goodwin et al.
(1955) relied on the assumption of no age change in parental influence
on progeny performance such as maternal age effects. Dickerson
(1960) gave a modification of the repeat mating method of Goodwin
et al. (1955) which allows the genetic trend to be estimated free of
maternal age effects. The control population approach for estimating
genetic trend, in which it is necessary to assume no genetic change
due to natural selection or random genetic drift in the control
population was described earlier. In contrast, this assumption is
unnecessary when estimating genetic trend on the basis of a control
population which has been generated by a repeat mating method

(Dickerson, 1960).

A study of the usefulness of the first-lactation records of full and
half sisters for estimating the genetic trend in a dairy cattle population
by Burnside and Legates (1967) was, in effect, an example of the
application of the principles of the repeat mating method to & situation
in which matings were not deliberately planned. From a total of
34,380 first-lactation records made in 335 herds in the period 1953
to 1961, Burnside and Legates (1967) generated three categories of
data. These were: The records of half sisters; the recoras of Jull
sisters; and the records of all animals. The half-sister data included
the lactations of daughters of only those sires which were used i at
least two years; in the case of the full-sister data this requirement

was automatically satisfied. Burnside and Legates (1967) obtained
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least squares estimates of year effects from each set of data using
a model in which all effects, including sire effects, were assumed
to be fixed. Their justification for a fixed model was: ',

since interest centered on the estimation of genetic trend in the
particular group of herds studied.' Regressions of weighted

estimates of year effects on time produced estimates of: The
environmental trend (full-sister data); the environmental trend

plus one-half the genetic trend (half-sister data); and the environmental
trend plus the genetic trend (complete data). These regressions give
rise to two estimates of genetic trend and in the data of Burnside and
Legates,in the case of milk production, these were: 0.75 percent of
the mean per year (obtained from difference between the complete and
the full-sister regressions); and 0.92 percent of the mean per year
(obtained from twice the difference between the complete and the half -
sister regressions). Estimates of the full-sister regression and
therefore, estimates of the environmental trend, are biased if the
production performance of a first (younger) full sister determines the

existence of more full sisters with completed lactations.

The application of the half-sister method of Burnside and Legates
(1967) to the analysis of 625 first-lactation records made in a Jersey
herd in the period 1931 to 1968 by Palmer, Wilcox, Martin, Verde and
Barrantes (1972), produced estimates of genetic trend of 1.3 percent
and 1.0 percent of the mean production for milk and milkfat,
respectively. Similarly, Verde, Wilcox, Martin and Reaves {1972}
used the technique to estimate the genetic trend in 181 Florida herds
in which A.I. had been used. A total of 4, 779 first-lactation records
were analyzed and the estimates of genetic trend in milk and milkfat
production (as a percentage of the mean) varied according to breed:
Holsteins 0. 69 and -0.38; Jersey 0.69 and 0.82; and Guernseys 2. 83
and 1.9, respectively. The validity of assuming a fixed effects model
when applying the method of Burnside and Legates, particularly with
respect to sire effects, is questionable. This is especially so in the
case of the study of Verde et al. (1972) in which the records of A.I. -

bred animals were analyzed.
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In artificially-bred dairy cattle populations, full sisters are
rare so that estimating the genetic trend using the full-sister
comparison approach (Burnside and Legates, 1967) is likely to be
impracticable in A.I. populations. The data analyzed by Burnside
and Legates were derived mainly from registered naturally-bred
animals with very few A.I.-bred animals represented. It is
probable that full sisters inan A.I. population are the progeny of
selected repeat matings,in which case,their lactation records are
of little use in estimating the genetic trend because of the bias already

mentioned.

Hickman and Freeman (1969) outlined a mating plan suitable for
small populations whereby the frequency of full sisters resulting from
random matings is maximized without a great loss of genetic change
through having a herd structure which involves the use of a control
population for monitoring genetic trend. In a commercial dairy cow
population, parental mis-identification may occur regularly and is
likely to effect the accuracy of estimates of genetic trend derived from
a full-sister comparison to a greater extent than those obtained from
the half-sister method since the latter only requires half the parents
(the sires) to be identified. The half-sister method for estimating
genetic trend as outlined by Burnside and Legates (1967) is a

modification of a procedure suggested earlier by Smith (1962).

The estimation of the genetic trend actually achieved in a dairy
cattle population in which A.I. is used is facilitated by the opportunity
for generating half sisters over a number of years. It should be
noted that since the genotype of a sire is constant, changes in the
genetic merit of his daughters born in different years, represent
one-half the genetic trend in the population. Since cattle semen
(gametes) can be stored for long periods of time, it is possible to
arrange for the progeny of sires representing different generations
to be contemporaneously compared thereby providing an estimate of
genetic trend (Dickerson, 1960). The formula given by Dickerson
for estimating the annual genetic trend using such comparisons
requires the age difference between the two groups of sires to be
lmown. A variant of Dickerson's method which does not require

knowledge of sire ages, in order that the annual genetic trend can
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be estimated, was used by Carter (1969). In a study involving only

first-lactation records, Carter (1969) obtained an estimate of the
genetic trend in a New York State dairy cow population from a
comparison of the average production superiority of groups of nalf
sisters sired by the same bulls at two points in time. Carter
estimated the production superiority of the daughters of 19 young
bulls randomly sampled in A.I. for the first time to be 276 1b. of
milk. After a lay-off period of five years the bulls were brought
back into service. The estimated production superiority of the
daughters sired subsequent to the return of the bulls to service was
found to be 15 1b. of milk. As the two groups of daughters are half
sisters, the genetic change over the five-year period studied by
Carter was 522 1lb. of milk (2 x (276 - 15) or alternatively, about
104 1b. of milk per year.

Smith (1962) introduced yet another procedure which relies on
the spread of half sisters over years for estimating genetic trend.
The technique outlined by Smith is particularly suited to the estimation
of genetic trend from large numbers of observations which have been
derived under commercial conditions and consequently, it has been
employed by many research workers. Although variants of the one
principle, Smith (1962) outlined two methods for estimating genetic
change. One of these, namely, the estimation of genetic trend from
twice the difference between the regressions of the population and the
pooled within-sire progeny performance on time, has already been
described when reviewing the work of Burnside and Legates (1967).
(In this latter study, least squares estimates of year effects estimated
the population and progeny performances.) However, of the two
methods outlined by Smith (1962), the one with the most utility as far
as dairy cattle populations are concerned is that which estimates the
genetic trend from: " . . . twice the pooled within-sire regression on
time of the difference between the population and the individual sire
means . . . » '' The most suitable population to which the daughters
of a dairy sire can be compared is a within-herd first-lactation
contemporary average. Not only does the use of a first-lactation

contemporary average minimize errors resulting from environmental
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age-correction factors, or both.

Estimates of genetic trend obtained from the application vi any of
the methods which utilize the change in the productive performance of
half sisters over time (Dickerson, 1960; Carter, 1969; and Smith,
1962) will be biased by non-random mating in the population. For
instance, if older sires tend to be mated to older cows the estimates
of the genetic trend are biased downwards. (In a population where
there is a positive genetic trend, the genetic merit of the older cows
tends to be below average and since the genotype of a given sire is
fixed, the performance of his progeny from such matings will
represent less than the total genetic change in the population. The
extent of this bias is partially offset by the practice of culling females
on the basis of earlier performance.) If the inbreeding coefficient of
the population is increasing, the procedures which estimate genetic
trend on the basis of half-sister performance over time, produce

downwardly biased estimates (Hill, 1972a).

In the outline of his technique, Smith (1962) drew attention to the
potential bias resulting from the selection of the sires used in a number
of years on the basis of the performance of their earlier progeny.

(The bias is due to a regression to the mean in the subsequent progeny
of the selected sires.) However, if the records of progeny from. sLeforec
and after the point at which the selection decision is made are anaiyzea
separately, both may provide an unbiased estimate of the genetic trend
(Smith, 1962). An alternative approach, used by Syrstad (1966), is

to adjust the estimate of the genetic trend by an estimate of the bias
resulting from sire selection. It is worth noting that Smith's iaethod
for estimating genetic trend is very similar to that proposed by

Van Vleck and Henderson (1961b). Van Vleck and Henderson e¢stimated
genetic change using weighted contemporary deviations of A.I.
compared with non-A.I. bred animals. If the deviations are
calculated on a within-herd x sire subclass basis and regressea on

time, the methods are equivalent.

Some of the estimates of genetic trend that have been ob:. = cd

from the application of the technique of Smith (1962) have aircady ve:
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noted (Acharya and Lush, 1968; Burnside and Legates, 1967; and
Legates, 1971). Using Smith's technique, Arave et al. (1964)
estimated the genetic trend in fat-corrected milk yield in a single
California Jersey herd in the period 1932 to 1962 (1, 692 mature-
equivalent records) to be 0.7 percent of the herd mean per year.
Similarly, Syrstad (1966) obtained an estimate of the genetic trend

in milk yield in Norwegian cattle from the records of cows milked

in the period 1957 to 1964 (55, 200 records of 3-, 4- and 5-year-old
cows) of 0.6 percent of the population mean per year. After pooling
the estimates of genetic trend produced by three variants of Smith's
method, Harville and Henderson (1967) estimated the genetic trend

in milk and milkfat production of Holsteins milked in New York State
in the period 1956 to 1962 to be 0.75 and 0. 65 percent of the mean

per year, respectively. Hillers and Freeman (1966) also used
Smith's technique and estimated the genetic trend in milk and milkfat
production from the records of cows milked in 76 California dairy
herds in the period 1951 to 1962 to be 0.26 and 0.24 percent of the
mean, respectively. The application by Gustafson (1970) of Smith's
method to the records of 119,003 Swedish cattle (of all ages) milked in
the period 1959 to 1969 produced an estimate of the genetic trend in
fat-corrected milk yield of approximately 1.0 percent of the mean per
year. Hargrove and Legates (1971) studied first-lactation records oi
cows milked in South-eastern regions of the United States in the pericd
1964 to 1969 and, using Smith's technique, estimated the genetic trend
in milk production, as a percentage of breed mean, for Holsteins and
Jerseys to be 0.84 and 0. 63, respectively. The corresponding
estimates for milkfat yield were 0. 64 (Holsteins) and 0. 45 (Jerseys).

The estimates of genetic trends actually achieved in dairy cattle
populations cited in this review are consistently lower than those
that have been predicted from a knowledge of the genotypic and
phenotypic parameters pertaining to individual selection programmes.
This feature of failing to achieve expectation in genetic trend, has
been demonstrated in selection studies with other species, for example,
mice (Falconer, 1955) although, Chapman (1973) noted that there has
been reasonable agreement between estimates of actual and expected

genetic trend in single-trait selection studies with sheep. As far as
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commercial dairy cow populations are concerned, a possible reason
for failing to achieve the expected estimates of genetic trend relates
to the fact that productive performance may not be the sole criterion
that is used by farmers in making selection decisions. The study of
P. D. Miller (1969) points to the delay between conception and the
time when progeny have their first lactation as being a major part

of the reason why expected and actual estimates of genetic trend may
not coincide. Predicted estimates of genetic trend are based on
estimated genetic selection differentials in the parental generation,
wherea's estimates of actual genetic trend are based on progeny
performance. In a dairy cow population where genetic trend does
occur, the period of four years between conception and the completion
of the first lactation of the heifer means that, relative to a predicted
estimate of the genetic trend, an estimate of genetic trend actually
achieved which is based on progeny performance is effectively four
years ''out-of-date'. In a similar vein, Van Vleck and Carter (1972)
noted that estimates of daughter superiority (genetic value) obtained

"

from pedigree information were ', . . substantially higher . . .

than estimates based on the daughter's performance.



CHAPTER 3

METHODS

I. ESTIMATION OF GENETIC TREND

Estimates of genetic trend were obtained from the application
of two different methods both of which are variants of the technique
originally proposed by Smith (1962). The mathematical description

of Smith's approach is:

Genetic trend = -2 b(P-S)T e . . (1)
where: b = the pooled within-sire regression coefficient.

(P-S) = the deviation of the progeny average (S) from thne
population average (P), obtained on a within-year
basis to overcome the effects of year-to-year
variation in the environment on the estimate of the
genetic trend.

T = time (year) in which the deviation was calculated.

In populations where the genetic trend is positive, the sign of the
regression coefficient in equation (1) is negative; hence the need for

the minus sign in the right-hand-side of equation (1).

In data derived from a multi-herd dairy cow population,
environmental variation from herd-to-herd as well as year-to-year,

if not taken into account will effect the accuracy of the estimate of

43,
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genetic trend. If the population average in equation (1) is replaced
by a herdmate average, so that the deviations are then calculated on

a within-year, within-sire x herd subclass basis, the effects of both
these sources of environmental variation on the estimate of genetic
trend are minimized. However, if the herdmate averages are
derived from the records of cows of all age groups, the data must

be age corrected. In Chapter 2, it was noted that inaccurate age
corrections or the culling of females are both sources of bias when
second and later lactation records are included in herdmate averages.
Since the present study involved the analysis of first-lactation records

only, these sources of bias were automatically eliminated.

A, Method One

Genetic trend/year = -Zb(C-S)T ~
FEZ |- -(zd.)(zt \
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=i -2 L R _J
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where: dijk = the average deviation of first-lactation

daughters in the ijth sire x herd subclass from

the average of their contemporaries (C) in the

kth year.
tijk = the kthyear in which the deviation of daughters
in the ijth sire x herd subclass was calculated.
n = the number of years in which deviations of the

ijth subclass were able to be calculated.

The standard error of an estimate of genetic trend produced by the

application of equation (2) was calculated using the formula:
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equation (2)

the sum of n over all sire x herd subclasses,

Hickman (1971) noted that the application of method one to estimat

genetic trend " . . . is complicated by the fact that the actual and

relative number of daughters and contemporaries varies over time

Consequently, he suggested the employment of the weighting precoav e

devised by Robertson et al. (1956) to prevent daughter deviations fro:n

large or small numbers of contemporaries having an undue effect on

the regression coefficient.

The appropriate within-year and sire x

herd subclass weighting factor derived by Robertson et al. (=) is:
n X n
= Cijk Sijk
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where: wijk = the inverse of the variance of the deviation
dijk
= the number of contemporaries in the jth herd
1k . to which the daughters of the ith sire were
compared in the kth year (excluding the
records of the sire's daughters)
n = the number of daughters of the ith sire in
ijk the jth herd and kth year on which the

.average deviation dijk is based,

Therefore, Hiclkanan proposed that the genetic trend be estimated
using a pooled within-sire regression of weighted daughter deviations
from contemporary averages on time (as opposed to the unweighted

deviations used in method one).

B. Method Two

|

'
o
g
o

Genetic trend/year
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where: Wijk, dijk and tijk are as previously defined in the text.

The standard error of an estimate of genetic trend produced by

the application of equation (3) was calculated using the i~rmula:
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where:~ Wb(C-S)T, Wijk, dijk and ti'k are as previousliy cetinec.

If the sires have been selected for breeding on the basic of the
productive performance of their earlier progeny, the estima“:
genetic trend obtained from the application of either methoa ore
method two, will be biased. In line with the suggestion v =
(1962), part of the bias was eliminated by excluding from -: -
the records of progeny sired prior to the point at whic:
decision is usually made. Therefore, the records of :.
in sire-proving herds were disregarded since it is thes
largely determined whether or not the bulls represente
were included in the proven bull team for use in A.I.
non-A.I. sires, the bias due to sire selection is not .ix. .

important. Even though a bull has entered the proven ...

sire selection still occurs through a progressive type 7 7.+
on the basis of progeny performance to allow new bui:c - i

tearm. The bias due to this cause is difficult to eiir .r

Estimates of genetic trend produced by method o::¢ ==
two are biased by non-random mating of sires and dains, sicuia
across cow age groups (e.g., older sires mated to older <
The bias has already been discussed in Chapter 2. If :n: oo oo
trend estimates are based on the regression of a within-co v o <z

within-sire x herd subclass deviation on time, the bias due¢ ‘o ..

1)

random mating in dairy herds will, to a large exteat, be zv=

although this was not attempted in this study.



The pooled intra-sire regression can only be calculatea if
individual sires are represented by daughter deviations from
contemporary averages in at least three years. If the deviations
for a particular sire are obtained from a different herd each year,
the estimate of the genetic trend is confounded with genetic
differences between the herds. This problem can be overcome,
as in this study, by requiring a sire to be represented within
individual herds on at least three occasions so that the genetic
trend is estimated on the basis of a pooled within-sire, within-herd

regression of daughter deviations on time.

II., SIRE EVALUATION BASED ON A MIXED MODE L

In this section a technique which provides an estimate of the
genetic merit of individual sires, together with their subseg.ucene
ranking, and which is unbiased by genetic trend or ci.erenti:
average merit of the herdmates to which the daughte.s oi . -
are compared, is described. A general explanation ot :. . = .=t"0ox
was given by Lentz et al. (1969) whilst its details have obc.
elucidated by Henderson (1973) and Keown (1974). In ‘hh. oo
the model upon which the method is based was made mor< .. ..
to the New Zealand situation and was applied to the c¢dited-A.
(defined in Chapter 4).

The model used was:

= gi+ s..+hk+ e..

Yi.jkl ij ijkl

where: the first-lactation record inade :~ e At hue

-
ijkl
year by the 1th daughter of the jis s

belonging to the ith sire-grcup.



g. = the effect of the ith sire-group (taic. = *o

e

include the overall mean am) whe

grouping is based on the year = RS
first represented by a daughter wiih -
lactation record. Group effects ass riien

to be fixed effects.

sij = the effect of the jth sire of the ith sire-g=oup.
Sire effects are assumed to be randomn. effects

distributed with zero mean and variance 10'2

h = the effect of the kth herd-year. Herd-year
effects are considered to be random effects
distributed with mean zero and varicnce I(fff1

eijkl = the random error effect unique to tne ith
daughter of the jth sire in the ith s te-g- iLp
in herd-year k. Error effects ar~ . : ::»>uated

. ) 2
with mean zero and variance IO'e

It is assumed that the variables in the model are uncorrelat«

Through the grouping of sires, the breeding val:.c of each v s
estimated relative to those which belong to the same ::cua-,
Therefore, by arranging for sires to be grouped acc.r-ir. .= «
time scale (in this case,time of first usage), the t.a: " .e st et
trend is eliminated. The strength of the mix~d moc
sire evaluation is that sires are evaluated on thc bas.s
indirect comparisons with one another on an individual = :..
the use of herdmate averages or variations thereof is =+
Therefore, biases due to factors such as unequal gence

the herdmates of daughters of the sires are automatice

The mixed model A can be re-written in matrix -~ o
Y = Xb+ Zu+ e

where: Y is a known N x 1 vector of fi si-....
records. (N is the tot:. nunio«
X is a known full-rank N x p incide . of

the fixed effects of the model.



b is an unknown p x 1 vector of the group
effects,
Z is a known non-full-rank N x q incidence

matrix of the random effects of the model.
(q is the combined number of sire and herd-

year effects.)

u is an unknown q x 1 vector of the sire and

herd-year effects of the model.

e is an unknown N x 1 vector of error effects

also assumed to be random effects.

The appropriate expected values for this model are:
E(u) =E(e) =0 (uand e are vectors of random
effects.)
.« E(Y) =Xb

E(ue') =0 (uand e are assumed to be

uncorrelated.)

E(be') =0 (b and e' are assumed to be

uncorrelated.)
E(uu') = D(T;z3

where: DO”Z is the variance-covariance martrix of ren

effects of the model apart from error effects
E(ee') = R(Ti

where: R(T2 is the variance-covariance matri» of »ao
e

effects of the model,



(b)

matrix of the observations (lactation records) represented vy tue

vector Y is: (ZDZ' + R) 0‘2

It is not difficult to demonstrate' ’‘that the variance-covaria:.ic -

If the Method of Mixed Model Solution (MMS) (Henderson, 1973)

is applied to model (B), the resultant normal equations are:

x'R™Ix xRz B x'R™ly
= . -« ()
zrR"'x  (zr7 !z + DY @ z'rR™ly
where: ‘5 and ®® are estimates of b and u, respectiveiy.

All other matrices are as previously defined.

The salient details on which the derivation of equations (4) are ba-c:.,

are given in the next sub-section.

(B} & riemceacovariance (Y) Y-E(Y)] [Y“E(Y) \

E |
E [Zu+e][Zu+e
E [Zuu'Z' & EEIZY 5 E

-

E [Zuu'Z'] + E [eeJ

(ZDZ' + R) di



A, The Method of Mixed Model Solution

Given the vector Y, the desired prediction is a set of s linear

functions:

where:

K'b + M'u + V'f e o o« (D)

b and u are as defined.

K' is a known s x p matrix.
M' is a known s x q matrix.
V' is a known s x N matrix.

f is a non-observable random vector with E(f) = 0

. . . 2
and variance-covariance matrix RlG

Furthermore, f is uncorrelated with u and e.

Equation (5) is referred to as the predictand.

The prediction is limited to predictors whichare linear functions o.

Y, for example, T'Y where T' is an s x N matrix to be determined.

Following Henderson (1973), the criterion on which the determinatic.

of the matrix T is based is that the average squared prediction ersor

be minimized.

Now:

Prediction error = Predictor - Predictand

(T'Y - K'b - M'u - V'f),

Then the average squared prediction error is:

E(T'Y - K'b - M'u - V'f) (T'Y - K'b - M'v - V'i)! Y

The expansion of (6),coupled with the removal of tke exp - 228 witn

zero expectations,yields:

(T'X = K') bb(T'X - K)' + (T'Z - M")D(T'Z - M}

2
(T'RT)OC + (V'R V)0 (73



Therefore, the required value of T is that which minimizes ¢r.
diagonal elements of (7) and this can be achieved by diiicrentia.ing
that equation with respect to T followed by setting the resultaa-

expression to zero.

That is: [ Xbb'X' + (ZDZ' + R)O"z ] T - Xbb'K - ZDMOi -0
so that: [ Xbb'X' + (ZDZ' + R)O'z :l T = Xbb'K + ZDMO'z (8)

Unless the parameters b and 0'2 are known (which is not usually the
case), equation (8) cannot be solved. However, a convenient way of
overcoming this predicament is to require the prediction to be

unbiased.

That is: E(Predictor) = E(Predictand).
But: E(Predictand) = K'b,
while: E(Predictor) = T'E(Y) = T'Xb.

Consequently, the prediction is unbiased when T'X = K' (or, ¥ = X'Tj.

The requirement that the prediction be unbiased means tr.? i1«
average squared prediction error, as represented in equation (7). -

be reduced to:

(T'Z - M")D(T'Z - M')'6§ + T'RTOi + V'RIVGZ

because: (T'X - K")bb(T'X - K")! = 0

Now, differentiating (9) with respect to T and with the rest:
X'T = K, yields the equations:

[~ ] 1
(ZDZ' + R) X i ZDM
X! 0 o K J
where: © is a set of Lagrange multipliers,

2 . g
Ue is a constant and has been eliminated.



Although (10) can be solved, in most situations the computational
requirements are prohibitive., An alternative approach is to regard
u as a vector of fixed effects. Under these conditions, the term

(ZDZ' + R) reduces to R since D (and therefore, ZDZ') is zero.

Starting with equation (6), the steps outlined so far could be
reworked, but this is unnecessary since (10) can be used as a basis
for an analagous set of equations. If uis taken to be fixed, two
restrictions on the minimization of the average squared prediction

error equation are required.

That is: X'T=Kand, Z'T = M,

Equations (10) can now be modified to:

e — —_ — -

R X Z 10 0

X' 0 0 e = K ... (11)

Z' O O_J -QZ

where: -91 is a set of Lagrange multipliers pertaining to the

= restriction X'T = K,

62 is a set of Lagrange multipliers pertaining to ine

restriction Z'T = M,

However, model (B) requires that u be regarded as a vector .. ~ar
effects., If D_1 is added to (11) as indicated below, the fact tr.: v .=

random is taken into account,

That is: R X 2Z T 0
X' 0 0 o, = |K
7zt 0 -D-1 S, M




It is not difficult to demonstrate(c)that equations (12) are equa!® to
equations (10) (which were obtained through taking u to oe reuaorn
from the beginning of the exercise). In contrast to the situation

with regard to (10), the solution of (12) is readily obtainable.

Consider now the first equation in (12). Re-organization of

that equation produces:

lxe. - R 1zo s . . fish

=R 1 2

Substitution of this result into the remaining equations of (12) yields:

x'R™1x x'R7 !z ©, K
= - .« . . (14)
z'R™IK (z'r~1z+D" | | o M
| 2 —
P Q
If is any symmetric generalized inverse of the coefficient
Q'S
matrix of equations (14) then; Ol = - (PK + QM), and
o, = - (Q'K + SM).

2
Equation (13) can be re-written as:

1

T = R™IX(PK + QM) + R™1Z(Q'K + SM).

1

ly tz'r7ly) + MQX'R ™y

Therefore, T'Y = K'(PX'R"

(c) From the last equation in (12), -O-Z = DZ'T - DM.
Substituting for-e2 in the first equation in (12) prod.c.

RT + X-Gl +2ZDZ'T - ZDM = 0.
This can then be re-organized to:

— -

(ZDZ' + R) X T ZDM |

X' 0 -91 K




An important result is that the generalized inverse of the coefficient

matrix of equations (14) is the same as that for equations (4).
Solving (4) ford and ™ produces:

/g 1

Y +QZ'R'1Y)

(PX'R”

. 5y ly +szr 1ly).

(QX'R™

Hence, equations (15) can be written as: T'Y = K'b + M'T, which,

apart from V'f, represents the original prediction equation with'b and
7 substituted for b and u, respectively. Therefore, best linear
unbiased estimation of fixed effects and best linear unbiased prediction
of random effects in a mixed model is achieved by solving equations (4).
The main point about these equations, however, is that they are simply
modified least squares equations. In a model where all effects are
assumed fixed but where the effects have been partitioned into the two
vectors b and u, the normal equations produced by the applicatin ot

the method of least squares are:

— —_ — —_ — =

X'R™1x x'R 1z D X'R™Y

z'R™1x Z'R" 1z a Z'R Y

-— -~ —_ — — -

The fact that in a mixed model uis a vector of random a. opposed
to fixed effects, can be taken account of through simply modi.y... o
ordinary least squares equations by adding D-1 as indicat:2 _.:

equations (4).

B. Adaptation of the Mixed Model Solution Equations tc v«

Sire Evaluation Model

The definition of the sire evaluation model, that is, 7.0~ ¢.

included a number of assumptions. These were:



(a) Sire effects are uncorrelated so that:
Covariance (sij’ sij') = 0 and therefore,

Variance (s,,) = 10'5 where 65 is the sire variance
i

and I is the identity matrix.

(b) Herd-year effects are uncorrelated so that:

Covariance (hk’ hk') = 0 and therefore,

Variance (h.k) = I()'f1 where Ui is the herd-year

variance,

(c) Sire and herd-year effects are uncorrelated so that:

Covariance (sij, hk) = 0.

(d) Error effects are uncorrelated and consequently:

Covariance (eijkl’ eijkl') = 0 so that:

Variance (ei = IO"Z3 where Oi represents the

L
error variance,

The assumptions (a), (b) and (c) have important implications ..
far as the variance-covariance matrix DO'i is concerned. Recalling

that Dﬁi = E(uu'), these assumptions allow DO'i to be written in ko

form:
E(uu') = 62 = 10'2 where
u u
. 0
0 [ J
L J
02
u

O'i represents the variance of the random effects in the m

Since Ddi = 10'2, D must now = I
u

oVl
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For the diagonal elements of D which correspond to sire effects,

6121 = 62 and likewise, for the diagonal elements of D which
corresps;)nd to herd-year effects, 62 = O'i. Therefore, the matrix
D is simply a diagonal matrix of vali-iance ratios. In turn, the
inverse matrix D-1 is easily obtained by taking reciprocals of the

diagonal elements,

Assumption (d) allows the variance-covariance matrix of the
error effects (Ro‘i) to be reduced to 10’2. That being the case, the
appropriate form of equations (1) for the sire evaluation model that
has been described are now:

- - g B9 _ s
X'X X'Z X'y
= . o« . (16)

oY

Z'X (Z'Z+D_1)

)

2'Y

L - —|

In this study, the breeding values of the sires were estimated from a

solution of equations (16).

C. Variance Component Estimation

The solution of the mixed model equations (equations 16, «¢ nends
upon the prior estimation of the variance components of .. .icuel
which, in this case, are the sires, herd-year and error var.cace:,
When data are balanced, estimates of variance components a:.
readily obtainable by equating mean squares from an analysis .
variance to their expected values. However, in the case u:
unbalanced data (as in this study) and, more especially, wrere thc
model is a mixed model, the estimation of variance components is

not simple.

A major contribution to the problem of estimating var.ai.ce
components for mixed models with unbalanced data was imude by
Henderson (1953). He proposed three methods for estimatir 2

variance components. In a review and re-statement of Henac. on'e



methods using matrix terminology, Searle (1968) showed that
Henderson's Method II was not uniquely specified and that tni«

deficiency detracted from its value as a useful procedure.

Henderson's Method I, which was used in this study, is simply
an analogue of the analysis of variance method used for estimating
variance components with balanced data. All effects of the model,
including fixed effects in mixed models, are regarded as random
effects. In contrast to the situation with balanced data, there is no
unique partitioning of sums of squares with unbalanced data .and, as
far as mixed models are concerned, it is impossible to obtain
expectations for random effects which do not contain quadratic
functions of the fixed effects of the model. Thus, Henderson's
Method I is incapable of yielding variance components which are
unbiased by the fixed effects in mixed models., For random models,

the method does produce unbiased estimates of variance components.

Unlike Method I, Henderson's Method III does not utilize analysis
of variance sums of squares but rather, reductions in sums of
squares due to fitting different sub-models. In applying Method III
to mixed models, it is through the judicious choice and fitting of

sub-models that reductions in sums of squares which do not contain

functions of the fixed effects of the model are produced. i nniased
estimates of the variance components can then be obtained .. -guaring
each reduction to its expected value under the full mode! i'he

major limitation of Henderson's Method III is the large amount of
computation required. Obtaining the reductions in sums o: squares
can involve the inversion of matrices of order equal te the numuer

of random effects in the data which, as far as this study is concern.<
would have exceeded the capacity of the computer. The iterativ~
procedure suggested by Cunningham and Henderson (1968). out i-.-:
corrected by Thompson (1969), was aimed at circumventing the
computational requirement of Henderson's Method III in obtaining
estimates of the variance components as a preliminary stco ia the
estimation of the fixed effects in a mixed model. The itezstive

procedure could not be used in this study since it is applicehle to

only those mixed models having just one random effect.
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Although Henderson's Method III is the method of choice in a

mixed model, it was not used because of its computationai dirficulty.

(1) Anpplication of Henderson's Method I. Estimates of the

variance components were obtained assuming the following model:

< . wi(€)

=m+g +s,.+h + +
Yoo St gy Tt B+ (ah) 5 * Sy
where: . Yijkl = the first-lactation record made in the kth
herd-year by the 1th daughter of the jth sire
belonging to the ith sire group.
a = a general mean,
8 ~ the random effect of the ith sire-group.
Group effects are distributed with mean zero
and variance IO';.
sij = the random effect of the jth sire in the ith

sire-group. Sire effects are distributed

with mean zero and variance IO"::-

h, = the random effect of the kth herd-year.
Herd-year effects are distributed with mean

zero and variance 10'}21.

(sh)ijk = the random interaction effect oi tae ijth sire
by kth herd-year subclass, Sire x aera-year

effects are distributed with mean zero and

variance IO'}Z1 .
s

eijkl = the random error effect unique to the itk
daughter of the jth sire in the ith sire-groun
in herd-year k. Error effects are Jisiributed

>
with mean zero and variance IGt .

It is assumed that the variables of the model are independen
other and that the other possible interaction term, the groun

year interaction, is zero.



The initial step in applying Henderson's Method I is to obtain
expectations of the uncorrected analysis of variance sums of squares.

These are (using S.S, to denote uncorrected sums of squares):

Total S.S.
Group S.S.
Sire within group S.S.

E [S.S] = E Herd-year S.S.

Herd-year x Sire within group S.S.

Herd-year x Group S.S.

Correction term
s -

SIDE 2
ij k1l

ijkl
2
IZY -... /ni..

2.0y

13 ij.. /Mg

2
= E ¥Y..k./n..k

LLdiv?
ij k

ijk. /Mijk

Z; Y2

3 ick. /MK

2
Y..../N

N

where: The herd-year x group interaction sum of = s

been included so that the expectation of the co.:cciren

herd-year x sire within group interaction .. s

squares can be computed.



Bk

is the number of daughters of the jth sire in

ith sire-group in herd-year k,

N is the total number of records,

The expanded form of E [S.S.] is:

N

N N
panl.
J 1)e
N i
n.,
le o
N N
2 2
;“14 ):Zfi_]:nijk
k
n..kJ n..k
N N
2
J Tijk
2
N ik
Dk
a2 ] Tn2
1 1ée 1) ij.
N | | TN

aa\

n.,.k

in

w b

=2




where:

and where:

€3l

the coefficient matrix.

the column vector of variance components.
the number of sire groups.

the total number of sires.

the number of herd-years.

the number of herd-year x sire within group

subclasses containing non-zero data.

the number of herd-year x group subclasses

containing non-zero data.

the column of zeros in the matrix C represents the
assumption of the model that the herd-year x group

interaction variance (6121g) is zero.

Having obtained the expectations of the uncorrected sums of

squares, it is necessary to obtain the expectations of the corrected

sums of squares.

—

where:

E(Group S.S.) - E(Correction term)

E(Sire within group S.S. - E(Group S.S.)

That is:

14

:J‘C}\/ n'—l;\l\‘ 'ju%

|

I
E(Herd-year S.S.) - E(Correction term) ! ‘
|
E(Herd-year x Sire within group S.S.) = ;
- E(Sire within group S.S.) | Gis |

- E(Herd-year x group S.S.) + (Group S.S.)

E(Total S.S.) - E(Herd-year x Sire within group S.S.) 0'2 :
— | S|

the coefficient matrix obtained by subtracting
and adding rows of the coefficient matrix C in
accordance with the way in which corrected

sums of squares are computed.



If the column vector of the analysis of variance corrected sums

of squares is W, estimates of the variance components can pbe

obtained as follows:

g

A

>

0

D. Computation of the Solution to the Mixed Model Equations

the calculation of the inverse of the matrix (Z'Z + D~
of this matrix is equal to the number of random effects i~ tne -a?
and therefore, obtaining its inverse may be difficult fror  a

computational standpoint.

The solution of the mixed model equations (equations 16) involves

The srde~

A convenient way around this proc..r. -

to detail the structure of the mixed model equations in a way wrni.!

relates to further partitioning.

Recall equations (16):

o

where:

XX o x p)

Zwmxm

(pxq)

(Z'Z + D

number of fixed effects (groups).

L
(g x q)

A

B

=

px 1)

qxl1)

px 1)

number of random effects (sires + herd-years)



The matrices which are functions of the matrix Z can be partitioned

into sub-matrices corresponding to the sire and the herd-year effects.

That is:

s
]

X(p x p)
(e x p)

F'(c X p)

where:

and where:

E(px e)
(e x e)

B d)

e

F(px c)
(e x c)

H(c X c)

—

the number of sires.

> |

P x 1)

/é(ex 1)

~

Bo w1

-

the number of herd-years.,

=

e

of each sire with the variance ratio

each herd-year with variance ratio

e =
c =
S =

'62

—

q,
H =

’6—2

-

2

6h
3 =
® -
G =
Q =

added.

added.

a vector of sire totals (Y

a vector of sire effects,

oJco

E and F are sub-matrices of X'Z.

a vector of herd-year effects,

).

a vector of herd-year totals (Y

e

X'Y(px 1)
G(ex 1)
Q(c x 1)

a diagonal matrix of the number of daughters

a diagonal matrix of the number of records of

B is a matrix of the number of daughters of eacz sire

in each herd-year.
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Since it is unnecessary for herd-year effects to be estimated,
the equations for herd-year effects are absorbed. The equations to

be solved then become:

(X'X - FH 'F) (& -FHIBY) || D r(x'Y - ru lqg)
(B = FH-IB')' (S - BH'IB') o (G - BH-IQ)
5 - - ey

_ ... (17)

with solutions:

B

solution for the group effects

1

-1
[(x'x - FH-IF') =B - FH'IB')(S - BH B')'I(E - FH-IB')'] X

[(X'Y - FH-IQ) - (E - FH-IB')(S - BH'IB')'I(G = BH'IQ):I

@w>

estimate of the sire effects
<3 =2 -1 ol
(S - BH™"B'") (G-BH Q)-(E'-BH F')Db

Therefore, the order of the largest non-diagonal matrix to be inverted
has been reduced by the number of herd-years down to tne number of

sires in the study.

According to the sire evaluation model, the effect of a sive 15
estimated relative to the effects of only the sires in the sars.c sirce

group. Therefore, sires cannot be compared across groups wr.tti

>

¥
has been calculated for all sires, The quantity ’g\i *@ij represents

the group effects have been taken into account, i.e., until ’g\i T

the estimated breeding value of the jth sire in the itk sire-g¢r :uo,



E. Re-definition of the Sire Evaluation Model

In the original sire evaluation model (model A), the herd-year
effects were assumed to be random effects. Since individual sires
are not represented in all herd-years, it is possible for variation
in the average genetic merit of the herds with which each sire is
associated to bias the estimates of sire breeding values that are
obtained from the application of the mixed model (Henderson, 1973).
If, however, herd-year effects are regarded as being fixed effects,

the bias is overcome (Henderson, 1973).

Regarding herd-year effects as fixed involves only minor

modifications to equations (17). These are:

(i) The application of one further constraint on the solution

(in this case, one of the herd-year effects was set to zero).

6

(ii) The variance component ratio _% is not added to the diagonal
2
6>h

elements of the matrix H.

As before, the herd-year effects are absorbed in the process of

computing a solution to the mixed model equations.

In this study, the extent of the bias due to non-randomr: usage of
sires amongst herd-years was assessed through a comparison of
the estimates of sire breeding values assuming the herd-year efiects

to be fixed effects on the one hand and random effects on the o:her.

F. Genetic Trend Estimation Based on the Mixed Model Soluticn

Since the sires were grouped according to their year or 3
usage, /éi is the unweighted average genetic merit of the sires
sampled in the ith year. Therefore, the trend in/g\i over time 1s
the genetic trend in the population (Henderson, 1973), The weighti

average genetic merit of the sires belonging to group i is given by:



Regressing the weighted group effects on time provides an estimate

of genetic trend attributable to the progeny of the sires.

In this study, both the weighted and the unweighted group effects
were regressed on time to obtain estimates of the genetic trend.
These methods for estimating genetic trend were applied only to

the edited-A.I. data,



CHAPTER 4

DATA

I. SOURCE OF DATA

A requirement of the methods of analysis used is that the sirus
of the cows which produced the lactation records be identified.
Since the accuracy of sire identification is likely to be highest in
those herds where all cows are sire-identified, it was decided tnat
only such herds would be considered as potential contributors c:
data for this study. In addition, the procedure for estimatioa or
genetic trend required the herds to have been herd-tested for
minimum of three years and that in each herd there must be ica 2t
one sire with recorded daughters in all three years. Due to =
limitation on resources, it was further decided that the study oe

restricted to data derived from:

(i) Herds within the Auckland Herd Improvement Association

(now Auckland Livestock Improvement Association) a=nd;

(ii) Animals of the Jersey breed (but not Jersey cross).

Each year, the Farm Production Division of the N.Z. Daivcy
Board lists those herds where it has been possible to compuze a
within-herd production comparison of sire-identified A,I. witn

non-A.I, bred animals., It was from the list compiled at the end

69.
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of the 1971-72 dairying season that the 89 herds which contributed
data to this study were identified. Having identified the heras
which met those requirements, lactation records were collected
from the annual herd-testing summaries of the dairying seasons
1966-67 to 1972-73, inclusive. The numbers of suitable lactation
records in the seasons prior to 1966-67 were too small to justify

their inclusion.

II. DESCRIPTION OF DATA

The screening technique employed for sampling these data
closely followed that currently used by the Farm Production Division
of the N, Z., Dairy Board in collecting data for its sire-evaluation
programme. Accordingly, only first-lactation records were
sampled. The suitability of each lactation record was determined

on the basis of the criteria listed in Table 4.1.

The details collected on individual lactations deemed to havs

met the requirements of the study were:
(i) Sire code.
(ii) Herd code.
(iii) Year (dairying season) in which the lactation was madz.
(iv) The total milk produced in the lactation.

(v) The total milkfat produced in the lactation.

Since the data collected were all first-lactation reccras, in=r
was no necessity for the records to be corrected for age o Sak
with the policy of the Farm Production Division of the N. ./ siry
Board, there was no general adjustment of the data for variaiion ia
lactation length. It has already been noted that lactations si-rter

than 100 days in length were excluded. At the other end cf tte scale,



Table 4.1 : Criteria determining the suitability of the

lactation records,

Exclusions:

(a) Records from cows milked for less than 100 days.

(b) Records from cows milked for between 100 and 200 days

but culled because of:
(1) Injury (including lameness).

(2) Disease (abortion, bloat, Brucellosis, Johne's

disease, Leptospirosis, mastitis, metabolic diseases,

milk fever, Salmonella or Tuberculosis).

(c) Records from cows milked for between 100 and 200 aa s

but died of catarrh.

(d) Records from cows milked in sire-proving herds.

Inclusions:

Records from any cows milked for 100 days or more inciucd.ny

those subsequently culled because of:
(1) Low production.
(2) Low fertility (including calving difficulty)

(3) Other diseases.,
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records from lactations exceeding 305 days in length were corrected
back to the equivalent of that length by deduction of a proportion of
the cow's production during the lactation. A description of the

data collected for this study is given in Table 4, 2.

Each lactation record was sire-identified by one of three

classes of sire code. These classes were:

(i) An A.I. sire code.
(ii)’ A Non-A.I. (registered) sire code.

(iii) No sire code (sire unidentified).

A description of the data after having been sub-sampled, according

to class of sire, is given in Table 4, 3,

The form of the data as outlined was suitable only insofar as
the procedure for estimating genetic trend was concerned. On the
other hand, the sire evaluation procedure required that recoras be
assembled according to sire, sire-group and a combined herd-year
classification so that it was necessary to re-classify the A.I. data

as only A.I, sires were evaluated.

Attempts at applying the sire evaluation procedure were
unsuccessful because the task was beyond the capacity ot the
computer (Burroughs B6700). Consequently, the A.I. datz was
edited and those herd-years or sires represented by less thaxn 5 or
10 records, respectively, were eliminated. A description I the
remaining A,I. data (i.e., the edited-A.I. data) is given in “able

4.4,

It is doubtful whether the data collected for this study were
representative of the first-lactation records made by the population
of Jersey 2-year-olds in the Auckland region during the dairying
seasons 1966-67 to 1972-73, inclusive. The requirement that
naturally-bred (non-A.I.) cows be sire-identified probably mcant
that a higher-than-average proportion of pedigree herds was c<crecned
for suitable data. Moreover, it is likely that a higher proportion of
pedigree herds, relative to all herds, make use of herd-testiag
services so that a higher-than-average proportion of pedigree animals

have recorded lactation performances suitable for study.



Table 4,2 : Statistical description of the complete data.

Means and standard errors

Dairying Number of
season lactations

Milk yield (1b) Milkfat yield (1b) Days in milk
1966-67 343 5826. 8 t 66.5 323.9t+3.8 280.0+ 1.8
1967-68 722 4833.6 + 43.3 260.0 + 2.5 245.8 + 1. 6
1968-69 1399 5515.7 + 32.7 304.1+1.8 279.2 + 0.8
1969-70 1737 4638.0-1-26.0 245.5 1t 1.4 235.3+0.9
1970-71 1558 4752.3 + 27.9 256.81: 1.6 257.0+ 1.0
1971-72 1526 5151.4 + 30.1 279.1 + 1.6 272.2+0.9
1972-73 1399 4934.2 + 30. 6 264.5+ 1.6 244.3 +1.0
Overall 8684 5001.1 + 12.38 270.3 + 0.7 256.8 + 0.4

s



Table 4.3

Description of the data when classified according to sire code.

Sire class

Number of

Means and standard errors

feictaibiche Milk (1b) Milkfat (1b) Days in milk
ALl 3101 5309.7 + 21.3 287.6 + 1.2 259.9 4 0.7
(111 sires)
Non-A.I. 3869 4793.7 + 18.4 259.9 + 1.0 256.4 + 0.6
(792 sires)
Uncoded 1706 4913.0 +29.5 262.3 + 1.6 252.6 + 1,07

.bL



Table 4.4 : Description of the edited-A.I. data -

means and standard errors.,

No. re'cords 2155
No. sires 47
No. sire-groups 6
No. herd-years 145
Milk yield (1b) 5238.7 + 25.2
Milkfat yield (1b) 282.4+ 1.4

Days in milk 2580 & 08




CHAPTER 5

RESULTS

I. ESTIMATES OF GENETIC TREND

A, Estimates Based on Intra-sire Regression

In Chapter 3, it was stated that the data in this study were
sub-sampled according to class of sire; thatis, whether the
lactation records were produced by the daughters of A.I., non-A.I.,
or unidentified sires. The estimates of genetic trend in the upper
section of Table 5.1 were obtained from the application of the
weighted and unweighted intra-sire regression methods of estimation
to various combinations of the sub-samples of the data. Meation
was also made in Chapter 3 of the need to edit the A.I. data. chereby
forming the edited-A.I. data, to allow the sire evaluation procedure
to be applied. The estimates of genetic trend in the lower section
of Table 5,1 correspond to those in the upper section in that. with
the exception of the non-A.,I. data, they were obtained from the
application of the intra-sire regression analyses to the same
combinations of the sub-samples of the data except for the fz=. tnar

the edited-A.I. data were substituted for the A.I. data.

76.



Table 5.1 : Estimates of genetic trend derived from the application of the intra-sire regression

methods of estimation,

Genetic trend/year (lb) and standard error

Records(a) Reference Cross-
Data Unweighted regression Weighted regression sires(b) products(c)
Milk Milkfat Milk Milkfat
Analyses involving A.I. data
AL L, -79.6 +,110,6 -2.3 5.9 1188.9. 4 89..6 3.4+ 4.2 1637 67 206
Non-A.I. -89.6 + 59.0 -2.0+3.3 -333.2+ 26.6 -16.9_4_' 1.5 3034 81 297
A.I., non-A.I. -104.3 + 50.7 -3.3+2.7 197.6 + 25.1 8.9+ 1.4 5575 155 533
A.I., non-A,I., -122.0 + 49.2 -4,.6 +2.6 126.94_'23.3 295 1.8 6875 157 540
unidentified - -
Analyses involving edited-A.I. data
Edited-A.I. -14.2 + 137.9 2.5% 1.2 428.4 + 88.7 -1.8+ 4.8 1173 43 131
Edited-A.I., non-A.I. -79.0+ 54,8 -1.0t2.9 67.0 + 26.7 -0.2 +1.45 4900 128 445
Edited-A.l., non-A.I., -93.3+ 53.8 -2.0+2.8 93.8 + 24.7 -1.8+1.3 5899 128 448
unidentified
(a) Numnber of records which contributed to either a daughter (sire) or a contemporary average.
(b) Number of ¢ires (not necessarily different) over which the regression was pooled. :,’

(c) Number of wiihin-sive, within-herd, witnhin-year deviations in the analysis.
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Considering the upper section of Table 5.1, the sign and also
the consistency of the estimates of genetic trend obtained from the
application of the unweighted intra-sire regression to the various
sets of data are notable. Owverall, these estimates indicate a
negative genetic trend of approximately 4 1b. of milkfat and 100 1b.
of milk per year. The standard errors indicate that, of the
estimates obtained for milkfat yield, the only one that is significantly
different from zero is that obtained from the combined set of A.I.,
non-A.I. and unidentified (all the data in the study), whereas in the
case of milk yield, the only estimate not significantly different from

zero is that obtained for the A.I. set of data.

The estimates of genetic trend in the upper section of Table 5.1
obtained from the application of the weighted intra-sire regression
demonstrate poor agreement with the corresponding estimates
obtained using the unweighted regression, particularly as far as
milk yield is concerned. Many of the estimates obtained using the
weighted regression, are opposite in sign to their counterparts
obtained from application of the unweighted regression and, ir
addition, there is less consistency amongst the estimates obtained
from applying the weighted regression to the various sets >f cata.
Without exception, the standard errors of the genetic trend estimates
produced by the use of the weighted regression are smaller tian the
standard errors of the corresponding estimates derived from. iiic
unweighted regression analyses. In addition, the standard errors of
the estimates produced by the weighted regression are such that only
one estimate, the -3.41h. of milkfat for the A.I. set of data, is not

significantly different from zero.

With regard to the estimates of the genetic trend in the lower
section of Table 5.1, those obtained from the use of the unweighted
regression, with the exception of the edited-A.I. set of data, agree
quite well with the analogous estimates of the upper section of the
table., None of the milkfat estimates determined by unweighiacd
regression and presented in the lower section of the table is
significantly different from zero. The milk yield estimate i the

edited A.I. set of data is likewise not significant. Once agaiu, the
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estimates obtained using the weighted intra-sire regressicx
poor agreement with those produced by application of the ..we.zace-

regression and in all examples, the standard errors of the ¢:7irtaccs

from the weighted regression are smaller,

There is no obvious reason for the lack of agreement betweca
the estimates of genetic trend produced from application o. :ne tw
intra-sire regression methods of estimation, nor is there any i::.
evidence for preferring the estimates of one method over those o:
the other., Perhaps a point in favour of the unweighted intra-si.:
regreséion method of estimation is the consistency of the estir-ates
it produced in this study. However, if it were not for the esur-a:: s
of -333,21b. and 428.4 1lb. of milk for the non-A.I. and edited-4&.",
sets of data, respectively, the estimates obtained using the weigntea
intra-sire regression are almost as consistent as those obtzinac
using the unweighted regression. Nevertheless, genectic tread
estimates of -333,2 1b, and 428.4 1b. of milk per year ar. a4 oo
to accept and, in fact, the author was prompted to verify oy =
the estimate of 428.4 1lb. of milk to make sure that the compui-
programme for applying the weighted intra-sire regressior ana v -
was working correctly. The standard errors of most of the esvim:
of genetic trend in Table 5.1 make the point that there wer«c
insufficient data included in this study to permit reliable
of the genetic trend in the dairy cow population from whic™ ¢

lactation records were sampled.

Comparing the number of records which contributed : - €.
estimate of genetic trend in Table 5.1 with the correspon:.
available (Tables 4.3 and 4.4), reveals that in terms of w i
of the available data, the intra-sire regression approachiox
estimating genetic trend is wasteful. It is interesting tc not. %
the degree of utilization of the data is higher when the recoru
non-A.I. bred animals are involved in the analysis than wi . a2
are not; the genetic trend estimate for the A,I. data was basac
53 percent of the available data, whereas 78 percent of tie ax:

data contributed to the genetic trend estimate for the non-.A. 7.

data. The higher degree of utilization of the data when the reccrde



of non-A.I. sires are involved in the regression analyse. suer:
from the tendency for sires in natural mating (non-A.l. s:.os,

be used within a herd over a longer time span than A.I. s.ce: w.aua
therefore, are generally more able to be represented within a herad
by daughter deviations from a contemporary average for the recuirea
minimum of three years., The ratios of number of cross-products
to reference sires in Table 5.1 substantiate the suggestion of tonger
usage of non-A.I. sires; the ratio for the non-A.I. data is 3. 66 in

comparison to 3,07 for the A.I. set of data.

B. Estimates Based on Mixed Model Solution

In Chapter 3, it was noted that the regression of the mixed mode.
solution of the group effects of the sire evaluation model on vime i
an estimate of the genetic trend in the population. (Sires are
grouped according to the time (year) of entering service and o *.. &,
a group effect is an unweighted genetic average of the sires ce.o
to that sub-population.) In addition, the regression on time . -ou
effects, weighted by progeny numbers, provides an estimate ui thie
genetic trend attributable to the progeny of the sires. It wili =.
recalled that the MMS method of sire evaluation was applica ~:ir¢
two linear models; one in which herd-year effects wesc tre:
fixed effects whereas, in the other, they were regardeu as o
random effects., The estimates of genetic trend that were sorzircc
from the application of the MMS method of sire evaluarion

edited-A.I. data are given in Table 5, 2.

The estimates in Table 5.2 indicate that weighting MMS
effects by the numbers of progeny of individual sires has cecxr
the extent of the negative genetic trend., Likewise, rcy
herd-year effects in the underlying model to be fixed inc
random, effects has also tended to reduce the absolute
genetic trend estimates. Unfortunately, it was not pcssiblc

standard errors of the estimates given in Table 5.2 80 1t is wunirow.s



Table 5.2 : Estimates of genetic trend produced from the

application of the mixed model solution method

of estimation to the edited-A,I. data.

Genetic trend/year (lb)

Herd-year effects

Unweighted Weightec
Milk Milkfat Milk N R1kSaT
Random effects -76.9 -3.1 -69.1 -2.1

Fixed effects -66.6 -2.4 -61.5 -2.2
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whether these estimates are significantly different from zero In
addition, no guidance is provided on how real the changes in *he
magnitude of the estimates of genetic trend due to the weighting or

to the different categories of herd-year effects might be,

In the application of the MMS method of estimation, lactation
records from only those herd-years where sire comparisons are
possible, contribute to the estimates, i.e., if a herd-year is
represented by lactation records produced by the daughters ot just
a single sire, it is not possible for sire comparisons to occur within
that he.rd-year so that the records concerned have no influeice in
the analysis. As far as the edited-A.I, data were concerned, every
herd-year was represented by lactation records from daughters or
at least two sires and therefore, all 2,155 records of the edited-A.I.
data contributed to the results given in Table 5.2. In contrast, the
estimates of the genetic trend for the edited-A.I. data obtained,
using the intra-sire regression analyses, were based on oaly 1,173
records (Table 5.1). The large difference between the sumober =i
records which contributed to the estimates of genetic trend tor ti.2
edited-A.I. data given in Tables 5.1 and 5.2 precludes these
estimates from being the basis of a definitive comparison or tae

intra-sire regression and MMS procedures for estimating gene

trend.

It is notable that the estimates of genetic trend given in T2 (2 2.2
(MMS) agree quite well overall with those obtained by the apo:icarion
of the unweighted intra-sire regression set out in Table 3. i n
contrast, the estimates in Table 5.1 obtained using the weigniec
intra-sire regression, particularly with respect to milk yieid =aow

poor agreement with the estimates given in Table 5.2 (MMS;.

The lack of agreement amongst the estimates of genetic :reac
obtained using the various estimation procedures, coupled witn ¢
large standard errors of a number of the estimates, prohibit® =
reliable conclusion being drawn as to the nature of the genetic rre:i:c

in the data,



II. VARIANCE COMPONENTS

The estimates of the variance components obtained from
applying Henderson's Method I to the edited-A.I. data assuming
a fully random model (model C, Chapter 3), together with the
corresponding degrees of freedom, are given in Table 5.3, In
addition, each variance component is recorded as a percentage of

the total variance,

Estimates of variance components have been reported by the
Farm Production Division of the N.Z, Dairy Board (N.Z. Dairy
Board, 1969). In that study, Henderson's Method I was applied to
a sample (unknown number) of age-corrected (mature equivalent)
first-lactation records made in the 1967-68 dairying season
assuming a model which included herd, sire, and herd-by-sire
interaction effects. The results from the study are given in
Table 5.4 (again each variance component is recorded as a per ientage

of the total variance).

The results in Tables 5.3 and 5.4 show that the absolute v..lues oi
the estimates of the variance components common to both stuu.es are
markedly different. This could be attributable to the iacv ..o
records analyzed in the N, Z. Dairy Board's study having pvee~ 5¢.
corrected (the correction factors were partly multiplicative, v . reces,
the records were not age corrected in the present study. Evidence
on this point is provided by the estimates of variance ccmpune iz
obtained in a small-scale study by Searle (1961b). In his =t (v,
Henderson's Method I was applied to a sample of 591 uncorrcciec
first-lactation milkfat records produced in 88 herds in the :7354-55%
dairying season assuming the same model as that in the study
reported by the N.Z. Dairy Board. The results of Searle’'s stucv

are given in Table 5, 5.



Table 5.3 : Variance component estimates obtained from the edited-A.I. data.

The components as a percentage of the total variance are given in parentheses.

Estimate
Effect Degrees of
Milk Milkfat freedom

Sire group 3’2 3,339 (0.2) 25 (0.6) 5

~2
Sires within group ds 114,367 (8.3) 273 (6.5) 41
Herd-year 6'51 386,977 (28.0) 1,425 (33.9) 144
Herd-year x sire within ~2
group interaction 6hs 611, 4508) [f=44) -239 (-5.7) 562
Error 82 939,612 (67.9) 2,721 (64.7) 1, 062

Total ve riance

1,382, 842 4,205

4



Table 5, 4 : Variance component estimates reported by the N. Z. Déiry Board.

The components as a percentage of the total variance are given in parentheses,

E stimate

Effect

Milk Milkfat
Herd 819,000 (33.5) 2,722 (36.8)
Sire 228,000 (9.3) 442 (6.0)
Herd x sire interaction -22,000 (-0.9) 98 (1.3)
Error 1,419,000 (58.1) 4 132 (55:9)
Total variance 2,444,000 7,394

o
[P}



Table 5.5 : Variance component estimates (milkfat oniy)

reported by Searle (1961b).

Effect Estimate % of total
Herd 2,040 48
Sire 80 2
Herd-by-sire interaction 50 1
Error 2,040 49

Total 4,210
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The common ground for making comparisons of the absolute
values of the estimates of the variance components obtained from the
different studies (Tables 5.3, 5.4 and 5.5) are the respective
estimates of the error variance component since, in all the studies,
the error variance represents within-herd residual variation. As
Searle's study did not involve milk records, the estimates in the
three studies may only be compared using estimates of variance
components for milkfat yield. The results in Tables 5.3, 5.4 and
5.5 demonstrate that whilst the estimates of the error variance
component produced by analyzing uncorrected records, that is, the
present study (2, 721) and Searle's study (2,040) are similar. Both,
however, are markedly different from the estimate produced by the
N.Z. Dairy Board's analysis of age-corrected records (4, 132).
Thus, it appears that age corrections were largely responsible for
the previously noted disagreement between the size of the estimates

obtained in the present study and the size of the estimates reported

by the N.Z. Dairy Board.

For comparative purposes, the problem of variation in the
absolute size of estimates of variance components obtained from
different studies may be overcome by expressing the estimates of
individual components as percentages of the estimate of the total
variance of the records contributing to the respective analyses.
The results in Tables 5.3 and 5.4 demonstrate that in the present
study, and that reported by the N.Z. Dairy Board, variance beuwwveen
sires has accounted for virtually the same proportion of ths total
variation. The other common variance component in thesc studies
is the error variance,but in this case, the agreement between the
two analyses is not as good. Most likely, the lack of agre=ament
between the proportions of the total variation attributable tc ev-oxr
sources is a result of sampling variation in the data included :a the
two studies. Likewise, sampling variation probably acccunta ==
the lack of agreement between the percentage estimates cbiained 1n
Searle's study (Table 5.5) and those obtained in the other studies
(Tables 5.3 and 5. 4).
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The reason for estimating variance components in the present

study was to obtain estimates of the ratios:

2

i and de
2 e

0's 0'h

However, it is informative to use the appropriate estimates of
variance components to obtain an estimate of the within-herd
heritability based on the expression: 4 Oi / (Oi + 62). The
estimated ratios of variance components obtained from the present
as well as the N, Z. Dairy Board analyses, together with heritability

estimates, are given in Table 5.6,

The notable feature of the results in Table 5.6 is the similarity,

especially as far as milkfat yield is concerned, between the estimates.

In the study reported by the N, Z. Dairy Board, the model
employed can be considered to be a fully random model and therefor,
the application of Henderson's Method I is expected to produce
unbiased estimates of the variance components. If this is so, the
results given in Table 5.6 suggest that the decision to regard the
fixed effects (group effects) of the model in the present study as bz:n,
random effects (to make Henderson's Method I applicable), may nor
have biased the estimates of the variance components of the random:

effects in the model to any great extent.

III., ESTIMATES OF SIRE BREEDING VALUES

The MMS method of sire evaluation was applied to the edi AL,
data using two linear models; one in which herd-yeaz effec- 6 -
regarded as being random effects, i.e., model A (Chapte the

other, a variant of model A whereby herd-year effects were
considered to be fixed effect. The estimates of the sire breeding



Table 5.6 Estimates of variance component ratios and heritabilities.
Estimate (a)
Trait Study
B2 /6° 32 /62 Heritability
e s e h

Present 8.22 2.43 0.43
Milk yield

N. Z. Dairy Board bis &2 - 0.55

Present 9.98 1.91 0.36
Milkfat yield

N.Z. Dairy Board 9,585 - 0.39

(aj

Based on the estimates given in Tables 5.3 and 5. 4,

683
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values for milk and milkfat yield obtained from these analyses,
together with the corresponding N.Z. Dairy Board milkfat sire
ratings (as at the 1973 mating season), are given in Table 5, 7.
(As a number of sires did not have a N. Z. Dairy Board rating for
milk yield, none is given in the table.) Under the sire evaluation
model used in the present study, the sires were grouped on the
basis of year of entering service and in Table 5.7 sires have been

spaced accordingly.

The important feature of the results given in Table 5.7 is that
for many sires, the MMS estimates of their breeding values were
obtained from a very small number of daughter records. Therefore,
the estimates given in Table 5.7 do not constitute a satisfactory
basis for definitive comparison of the MMS and N.Z., Dairy Board
methods of sire evaluation. Nevertheless, Spearman rank
correlation analyses were applied to the estimates in Table 5.7
in order to obtain an idea of the degree of relationship between the
different methods of sire evaluation. The rank correlations amongst

the estimates of Table 5.7 are given in Table 5. 8.

The Spearman rank correlation coefficients were calculated in
recognition of the point that the estimates of breeding value given in
Table 5.7 constitute a selected sample and therefcre, produci-monent
correlation analyses are not appropriate. The rank correlation
estimates given in Table 5.8 demonstrate that in applying the MMS
method of evaluation in this study, the use of a model in whichk herd-
year effects are regarded as being fixed, as opposed to random effects,
would be of little consequence as far as the ranking of the sires
involved is concerned. In contrast, the degree of relationship
between the estimates of breeding values obtained by the MMS and
N.Z. Dairy Board methods of evaluation is very low. However, it
has already been noted that factors apart from actual differences
between the MMS and N, Z. Dairy Board methods of evaluaticn are
likely to have played a major role in bringing about the iow

correlation between the estimates obtained from the two meirnucs in
this case., Thus, the low correlation between the MMS and N. Z.

Dairy Board estimates of breeding value given in Table 5.7 are



Table 5.7 Estimates of sire breeding values. (Sire rankings are given in parentheses.)

(a)

Sire Daughters Estimate (1b)
(lactations)
MMS N. Z. Dairy
Board rating(b)
Herd-year effects Herd-year effects
Fixed Random Fixed Random
Milk Milkfat Milkfat
1 22 6219 (3) 5684 (3) 339 (3) 305 (3) 30 (27)
2 10 6220 (2) 5809 (1) 338 (4) 309 (1) 24 (36)
3 9 6053 (9) 5588 (6) 330 (8) 299 (6) 26 (33)
4 11 5833 (26) 5308 (24) 324 (17) 290 (15) 20 (41)
5 17 5834 (25) 5294 (25) 330 (8) 296 (8) 22 (40)
6 11 5871 (21) 5406 (18) 313 (36) 280 (30) 24 (36)
7 17 599€ (13) 5569 (7) 331 (7) 300 (5) 24 (36)
8 39 5972 (14) 5483 (14) 330 (8) 296 (8) 40 (7)
) 6 e () 5674 (4) 328 (13) 292 (13) 20 (41)
10 1 GNY- ) 5417 (17) 321 (21) 283 (26) 2% {31



Table 5.7 Cont'd.

11
12

13
14
15
16
17
18
19
20
21
22

23
24
25
26
27
28
29

30
21

26
71

36
59
79
11
58
13
37
183
40
20

89
11
15
36
22
27

9
35
20

6175 (5)
5716 (31)

6046 (10)
5904 (19)
6089 (6)
5942 (15)
6013 (12)
5713 (32)
6062 (8)
5747 (28)
5837 (24)
5672 (34)

6330 (1)

5933 (16)
5628 (37)
5563 (42)
5930 (17)
5406 (44)
5425 (43)
5818 (27)
5638 (35)

5647 (5)
5212 (29)

5492 (13)
5428 (16)
5528 (8)
5398 (19)
5499 (11)
5173 (31)
5507 (9)
5225 (28)
5288 (26)
5162 (32)

5807 (2)

5452 (15)
5124 (34)
5039 (40)
5503 (10)
4922 (44)
4927 (43)
5280 (27)
5111 (35)

327 (14)
318 (25)

323 (18)
310 (38)
334 (5)
329 (12)
340 (2)
315 (31)
332 (6)
325 (16)
311 (37)
314 (33)

342 (1)

322 (19)
317 (28)
306 (41)
318 (27)
293 (47)
303 (44)
318 (25)
314 (33)

292 (13)

285 (22)

287 (19)
277 (36)
297 (7)
293 (12)
305 (3)
279 (32)
294 (10)
290 (15)
275 (38)
280 (30)

307 (2)

290 (17)
285 (22)
272 (39)
287 (19)
259 (46)
270 (41)
282 (27)
279 (32)

35 (18)
35 (18)

34 (22)
26 (33)
39 (10)
32 (25)
49 (2)
15 (44)
36 (16)
37 (13)
15 (44)
38 (12)

49 (2)
17 (43)
43 (4)
26 (33)
34 (22)
27 (31)
15 (44)
41 (5)
39 (10)

*26



Table 5.7 Cont'd,

()
(b)

32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
47

130
94
15
13

30
150
97
93
110

18
96
80
29
12

68
40

5363 (45)
5682 (33)
5324 (46)
5844 (23)

5719 (30)
5918 (18)
5291 (47)
5626 (38)
5896 (40)

6068 (7)
5745 (29)
5854 (22)
5609 (39)
5595 (40)

5580 (41)
5629 (36)

4806 (46)
5110 (36)
4907 (45)
5321 (23)

5138 (33)
5364 (20)
4719 (47)
5060 (38)
5353 (21)

5495 (12)
5193 (30)
5322 (22)
5048 (39)
5027 (42)

5039 (40)
5080 (37)

308 (39)
319 (24)
295 (45)
322 (19)

304 (43)
321 (21)
295 (45)
321 (21)
317 (28)

327 (14)
315 (31)
330 (8)
305 (42)
307 (40)

314 (33)
316 (30)

271 (40)

282 (27)

264 (45)
287 (19)

266 (44)
284 (24)
257 (47)
284 (24)
281 (29)

290 (17)
278 (35)
294 (10)
267 (43)
270 (41)

277 (36)
279 (32)

40 (7)
36 (16)
34 (22)
32 (25)

30 (27)
40 (7)
10 (47)
41 (5)
37 (13)

30 (27)
35 (18)
52 (1)
24 (36)
30 (27)

37 (13)
35 (18)

N.Z. Dairy Board sirc codes are given in Appendix 1.

Source:

N.Z. Dairy Board 1973 : Artificial Breeding Service, Reference Catalogue.
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Table 5.8 : Spearman rank correlations amongst the breeding value estimates given in Table 5.7,

(Degrees of freedom = 45),

MMS
Method
Herd-years fixed Herd-years random
Milk Milkfat Milk Milkfat
N.Z. Dairy Board Milkfat 0.25 N.S. - 0. 22 N.S.

Milk 0. 983k -
MMS Herd-year random

Milkfat 0_ 98:}:*:}:
N.S. = p>0.05. ¥ = p<0,001.

.;76



95k

unlikely to reflect the true differences (if they occur) between the

two methods as far as sire rankings are concerned.

Sires belonging to the N, Z. Dairy Board's proven bull team in
the 1973 mating season all had both a milk and milkfat rating and
therefore, it was decided that a comparison of the MMS and
N.Z. Dairy Board methods of evaluation based on breeding value
estimates for both milk and milkfat yield might be informative.
The estimates of the proven sire breeding values for milk and
milkfat yield obtained from application of the MMS and N, Z. Dairy

Board methods of evaluation are given in Table 5.9,

The results of Spearman rank correlation analyses of the

estimates given in Table 5.9 are recorded in Table 5. 10.

Although the average number of lactation records which
contributed to the MMS estimate of the breeding values of the sires
in the N.Z. Dairy Board's proven bull team for 1973 is larger than
that when all the sires of this study are included (48 and 62,
respectively), a definitive comparison of the MMS and N, Z, Dairy
Board methods of evaluation is not possible. The result of
particular interest in Table 5.10 is the low correlation between
the milk and milkfat ratings derived from the N.Z. Dairy Board's
method of sire evaluation, especially when compared to the
corresponding correlations for the MMS methods of evaluation.

The low correlation between the N.Z. Dairy Board milk and milk{at
ratings is probably due to the fact that milk yield ratings have only
recently been introduced by the Board and consequently, a sire's
milk rating is often based on fewer daughter records than is the case
for his milkfat rating. It is also of interest to note that in Table 5.10
the correlations between the N.Z, Dairy Board's milk ratings and the
MMS estimates of breeding value for milk yield are higher than the
corresponding correlations for milkfat yield. As before, the
appropriate correlation estimates in Table 5.10 indicate that in

this study, regarding herd-year effects to be either fixed ovr random
effects has had little effect on sire rankings produced by the MMS

method of sire evaluation.,

S



Table 5,9 : Estimated breeding values of the sires belonging to the N.Z, Dairy Board's proven bull

team in the 1973 mating season. (Sire rankings are given in parentheses.)

Estimated breeding value

Sire Daughters Milk Milkfat
(lactations)
MMS N.Z, Dairy MMS N.Z. Dairy
Board(a) Board(a)
rating rating
Herd- Herd- Herd- Herd-
year year year year
fixed random fixed random
8 39 5972 (7) 5483 (8) 631 (11) 330 (5) 296 (4) 40 (7)
11 26 6175 (2) 5647 (2) 877 (1) 327 (7) 292 (7) 35 (17)
13 36 6046 (5) 5492 (7) 732 (4) 323 (9) 287 (9) 34 (20)
15 79 6089 (3) 5528 (3) 697 (6) 334 (3) 297 (3) 39 (10)
17 58 6013 (6) 5499 (6) 597 (13) 340 (2) 305 (2) 49 (2)
19 37 6062 (4) 5507 (4) 675 (8) 332 (4) 294 (5) 36 (15)
20 183 5747 (13) 5225 (13) 406 (20) 325 (8) 290 (8) 37 (12)
25 gc 6330 (1) 5807 (V) 864 (2) 342 (1) 307 (1) 49 (2)

£5 15 5628 (19) w24 (16) 342 (23) 317 (15) 285 (11) 43 (4)

‘96



Table 5.9 Cont'd.

26 36 5563 (24) 5039 (22) 487 (16) 306 (24) 272 (21) 26 (26)
27 22 5930 (8) 5503 (5) 765 (3) 318 (13) 287 (9) 34 (20)
28 27 5406 (25) 4922 (25) 653 (10) 293 (28) 259 (27) 27 (258)
30 35 5818 (12) 5280 (12) 701 (5 318 (13) 282 (14) 41 (5)

31 20 5638 (17) 5111 (17) 487 (16) 314 (19) 279 (17) 39 (10)
32 130 5363 (26) 4806 (27) 258 (26) 308 (21) 271 (22) 40 (7)

33 94 5682 (16) 5110 (18) 474 (18) 319 (12) 282 (14) 36 (15)
34 15 5324 (27) 4907 (26) 333 (25) 295 (26) 264 (26) 34 (20)
36 30 5719 (15) 5138 (15) 617 (12) 304 (25) 266 (25) 30 (23)
37 150 59lé (9) 5364 (9) 692 (7) 321 (10) 284 (12) 40 (7)

38 97 5291 (28) 4719 (28) -35 (28) 295 (26) 257 (27) 10 (28)
39 93 5626 (20) 5060 (20) 337 (24) 321 (10) 284 (12) 41 (5)

40 110 5896 (10) 5353 (10) 657 (9) 317 (15) 281 (16) 37 (12)
42 96 5745 (14) 5193 (14) 390 (22) 315 (18) 278 (19) 35 (17)
43 80 5854 (11) 5322 (11) 536 (14) 330 (5) 294 (5) 52 (1)

44 29 5609 (21) 5048 (21) 258 (26) 305 (23) 267 (24) 24 (27)
45 12 5595 (22) 5027 (24) 489 (15) 307 (22) 270 (23) 30 (23)
46 68 5580 (23) 5039 (22) 397 (21) 314 (19) 277 (20) 37(12)
47 40 5629 (18) 5080 (19) 414 (19) 316 (17) 279 (17) 35 (17)

(a)  Source: N.Z. Dairy Board's Artificial Breeding Service, Reference Catalogue, 1973.



Table 5.10 : Spearman rank correlation coefficients based on the estimates of breeding

value for the sires of the N.Z. Dairy Board's proven bull team in the

1973 mating season. (Degrees of freedom = 26),
MMS ~ N.Z. Dairy
Board
Method Herd-years fixed Herd-years random
Milk Milkfat Milk Milkfat Milk Milkfat

Milk 0. 86:::::::}: 0. 99;{:;{:;:: 0. 81 ik
Herd-years fixed

Milkfat 0. Q 8k 3kek 0. 69***

MMS

Milk 0, 88k 0. 80 %%k
Herd-years random

Milkfat 0, 673

Milk 0.17 N.S.

N, 7. Dairv Board
Milkfat




CHAPTER 6

DISCUSSION

In considering the extent to which the results of the present
study can be generalized, it is necessary to take into account some
aspects of the sample of data which was analyzed. In Chapter 4,
it was indicated that because of limited resources, the lactation
records of only those 2-year-old heifers that were of the Jersey breed
and milked in the area serviced by the Auckland Herd Improvement
Association, were screened for data. Furthermore, it was aoied
that in meeting the requirements of the estimation procedures
employed in the study, it was probable that a higher-than-average
proportion of lactation records produced by pedigree animai¢ ' as
sampled. The figures in Table 4.3 show that the data includecc
lactation records from a larger number of non-A.I. bred anima,.
than A.I.-bred animals (3, 869 and 3,101, respectively) wri-. s ggests
that the extent of A.I. usage (i.e., proven sire usage) in the heras
screened for data was not large. These characteristics of the cata

need to be borne in mind in drawing conclusions from the stuay

An important attribute of the data was that all were first-
lactation records. In this connection, Powell, Spike and Meadows
(1973), in a study of the characteristics of first-lactation recoxrds
commented: '"The first lactation should be the most meaningiui,
generally free from confusions of dry period, previous production,
selection[culling] , and cumulative disorders not necessarily

attributable to a cow's [genetic]merit. '"" Moreover, as the records

99.
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included in the present study were produced by cows all of the same
age (2-year-olds), corrections for age were unnecessary and
consequently, the difficulties associated with their use (considered

in Chapter 2), were avoided.

Another aspect of the data requiring comment is that no general
adjustment of the lactation records for variation in days in milk
(lactation length) was made, other than exclusion of records from
lactations shorter than 100 days and correction of records made in
an interval exceeding 305 days. Dealing with variation in lactation
length in this manner is not expected to have biased the results of
the present study to any great extent. Van Vleck (1962) found that
the bias in sire evaluation from ignoring incomplete first-lactation
records (i.e., produced in less than 305 days; terminated by
voluntary culling, but not including the records of cows genuinely
dry), was small and unimportant. Powell et al. (1973) showed that
although the method of extending voluntarily terminated first-lactation
records (less than 305 days) had a significantly different effect among
sires (significant sire-by-method of extension interaction; p<0.05),

it had little effect on sire ranking.

A New Zealand study (N.Z. Dairy Board, 1958), demonstrated that
3.2 percent of first lactations were terminated in less than 100 deays
because of low production, failure to milk, disease or acciden:. ia
the same study, an analysis of variance showed that variation . the
lactation length of 2-year-old heifers was significantly differ:xn
between sires (p<0.01) and that the heritability of first-lactzation
length was 0.16., These results drew the comment: "By exc.uding
lactations of less than 100 days some bulls will be overrated, out
from these figures it is likely that the daughters remaining in the
[sire] survey will also be below average in lactation length. "
However, in a later and more extensive study (N.Z. Dairy Hcecrd
1969), the heritability of first-lactation length was estirmated 1o ce
0.09. This suggests that the absence of routine correction ‘cr
variation in lactation length is unlikely to bias the results of studies

utilizating only first-lactation records.
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In Chapter 5, it was commented that disagreement amongst
the estimates of genetic trend, allied with generally large standard
errors, precluded reliable conclusions as to the nature of the genetic
trend in the data. Nevertheless, the point of interest, particularly
with respect to those estimates obtained by application of the
unweighted intra-sire regression and MMS methods of estimation,
is that, despite expectations (based on studies reported in the
literature; considered in Chapter 2), it is unlikely that the genetic
trend in the data of the present study was positive. In view of
surveys conducted by the Farm Production Division of the N.Z. Dairy
Board, this is quite an interesting result. For instance, from
knowledge of sire ratings and sire usage patterns, it has been
estimated (N.Z. Dairy Board, 1974) that the use of proven sires in
A.I. in the period bounded by the 1956-57 and 1972-73 dairyiny
seasons, has raised the production of the national herd and he¢rds
having continuously used A.I. by 19.3 lb. and 42.7 1lb. of milkfat,
respectively. The corresponding estimates for the period covered
in the present study (1966-67 and 1972-73 dairying seasons, inclusive)
are 13.4 1b. and 21.0 1b. of milkfat representing an annual gecneric
gain of 1. 91 lb. and 3.0 1b. of milkfat, respectively. The r¢ suits of

the present study generally do not concur with its estimates

The fact that the estimates of genetic trend reported by tne N. Z.
Dairy Board (1974) are predictions based on estimates of progeay
superiority rather than estimates of the actual genetic change in the
population, may partly explain their lack of agreement with the results
of the present study. It was noted in Chapter 2 that seldom have tne
estimates of actual genetic change in dairy cattle populations reached
the levels predicted on the basis of estimates of progeny suverivrity.
Furthermore, it was shown that in an improving population, the delay
between conception and completion of a first lactation by the heifer
means that, relative to actual genetic trend in the population, the
prediction approach is effectively four years ''out-of-date''. Ia a
discussion on relating progeny superiority to genetic trend n cattle,
P. D. Miller (1969) commented: "Genetic change, however, o enus

not on the superiority of progeny to the parent population but cn “‘he
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superiority of replacements to the existing population, the proportion
of the population which is replaced, and the culling within the

existing population.' Clearly, genetic trend is a function of not

only the genetic superiority of sires available to a dairy cow population
through A.I., but also the selection and breeding practices within
individual herds. 1In this context, the fact that it is likely that a
higher than average number of pedigree herds was screened for data

in the present study, has important implications.

It is well known, that farmers owning pedigree (registered) herds
do not x;igidly adhere to the principles of selection based on productive
performance and that 'type' characteristics, of doubtful importance,
are often given undue emphasis. Thus, the absence of a positive
genetic trend in the data may reflect a lack of selection pressure for
milk and milkfat production in the herds screened for the data included
here. It has already been noted that a larger number of non-A_I.
bred animals than A.I.-bred animals were represented in the dat.

(cf. Table 4.3) and therefore, the lack of positive genetic trend irn the
present study may also have been due to insufficient use of sires
reliably evaluated as being of superior genetic merit. Considering
these points, the estimates of genetic trend obtained most likely reflect
the special characteristics of the data and not the genetic trend in the

overall dairy cow population in this country.

A result of particular interest which also relates to thr :stirnates
of genetic trend, is the very poor agreement (frequently invcivisz
opposite sign) between the estimates obtained from applicat:on .7 the
weighted, as opposed to the unweighted intra-sire regressiun .mmethods
of estimation (Table 5.1). Although by no means conclusive, there
are a few points which suggest that possibly it is the estimatas chtaired
by the application of the weighted intra-sire regression methc:d of

estimation that could be at fault. These are:

(1) The estimates of genetic trend obtained using the NS
method of estimation agree much more closely with t=c
estimates obtained using the unweighted, as oppecsec to tac

weighted intra-sire regression method.
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(ii) When compared across the different sets of data, the
estimates of genetic trend produced by applying the weighted
regression (Table 5. 1) are less consistent than those obtained

using the unweighted intra-sire regression method.

(iii) The estimates of genetic trend per year for milk yield of
-333.3 1b. (non-A.I. data) and 428.4 1b. (edited-A.I. data)
obtained from applying the weighted intra-sire regression

are extraordinary and difficult to accept.

If the estimates obtained using the weighted intra-sire regression
method are, in fact, in error, there appears to be two main areas

where this may have arisen. These are:
(i) Incorrect computation of the estimates.

(ii) The method may be inappropriate from a theoretical

standpoint,

Incorrect computation cannot be unequivocally rejected, but :
does seem to be unlikely since the computer programme which wes
written to apply the weighted and unweighted intra-sire regress.o:.
methods of estimation was tested in a number of sample runs prior
to being applied to the actual data. However, a point about this
approach in establishing accurate computer programmes is that in
devising test analyses, the programmer believes that he is ablc o
predict all the peculiarities which may arise and which are cavable
of leading the programme into producing incorrect results. Undexr
certain circumstances, particularly when unbalanced data are oeiny
analyzed, this belief may be presumptuous. The fact that the gexnctic
trend estimate for milk yield in the edited-A.I. data (428.4 lb/yeaxr}
was verified exactly by hand calculation suggests that computational

errors may not be the explanation for the questioned results.

It is doubtful that the weighted intra-sire regression method for
estimating genetic trend is inappropriate from a theoretical standpoint.
According to Hickman (1971), the theoretical expectation of the
regression coefficient concerned, indicated that the weighted intra-

sire regression method does yield an unbiased estimate of the genetic
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trend in a population. In addition to having been successfuily
applied (Hiclkaman, 1971), the weighted intra-sire regression
technique for estimating genetic trend represents a logical

sequence of ideas.

The idea of weighting a within-herd and within-year production
deviation of A.I.-bred, as opposed to naturally-bred animals by the
inverse of the variance of the deviation as a way of increasing the
reliability of the comparison, was introduced by Robertson and
Rendel (1954). In order that such comparisons be unbiased by any
genetic trend in the naturally-bred population, Van Vleck and
Henderson (1961b) proposed a least squares procedure which was
based on the analysis of weighted within-herd and within-year
production deviations (first-lactation records only) of the A.I.- and
naturally-bred populations. Smith (1962) drew attention to the fact
that the regression of within-sire, within-herd, and within-year
production deviations on time represents minus one-half the overall
genetic trend in the population. If the deviations in the method
proposed by Van Vleck and Henderson (1961b) are calculated on a
within-sire as well as a within-herd and within-year basis, and
furthermore, if no weighting factors are used, their method is
equivalent to that outlined by Smith (1962). On the other hand.
Hickman (1971) proposed that within-sire, within-herd, and «.i.a..-
year deviations calculated in applying the method proposed by Sra:th
(1962) be weighted by the inverse of their variances before being
regressed on time. If the method proposed by Van Vleck and
Henderson (1961b) is applied on a within-sire as well as a witkir. -hera
and within-year subclass basis, the resulting technique is equivalent
to the method suggested by Hickman (1971); i.e., the weignted iatra-

sire regression method of estimation used in the present study.

The other aspect in the theory of the weighted intra-sire
regression approach relates to the weighting factor itseli. .y ‘.u
present study, weighting factors of size 10 (or more} were ro.ul
encountered so that a deviation with a corresponding weightizz T
of 10 carries ten times the "weight' of a deviation with a weigniiz
factor of one. It could be, that under certain circumstances,
weighting a within-herd production deviation by the inverse of its

variance tends to ''over emphasize'' the reliability or the deviatiomn.



If this were the case, the effect is expected to be more important
when only a small set of data is being analyzed; for instance, in the

edited-A.I. data.

Unfortunately, the disagreement between the estimates of genetic
trend produced by the two intra-sire regression techniques remains

unexplained.

The way in which non-random mating effects the estimates of
genetic trend produced by applying intra-sire regression techniques
was considered in Chapter 2. For instance, it was noted that if
older sires tend to be mated to older cows, estimates of genetic trend
which are based on change in performance of half sisters over time
(e.g., intra-sire regression methods), are downwardly biased.
However, Smith (1962) noted that the bias is avoided if the intra-sire
regression techniques are applied on a within-age of dam basis.
While this is acceptable from a theoretical standpoint, in practice the
suggestion may be unworkable. In Chapter 5, attention was drawn to
the high rate of data rejection when intra-sire regression methods are
used and, therefore, if yet another classification is introduced
(i. e., deviations calculated on a within-age of dam, within-sire,
within-herd, and within-year basis), the problem of the low rate of
utilization of the input data would be aggravated. Thus, where non-
random mating is thought to be important, a more realistic approac..
in overcoming the bias may be that adopted by Syrstad (196¢) of
estimating the magnitude of the bias and correcting the estimate
genetic trend. In the present study, age of dam was not recorced o
that is is not known whether non-random mating may have affectcc tne
estimates of genetic trend produced by application of the intra-sire

regression methods of estimation.

In the past, the intra-sire regression methods of estimating
genetic trend have had an advantage over the MMS method of
estimation (and variations thereof) in that they place iess demand oun
computing facilities. However, the development of modern computcrs
has probably removed that advantage. Based on the comments of

Henderson (1973), it would seem that skilfull programming and mode¢.n
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computers have made it possible for the MMS method of estimating
genetic trend to be applied to almost unlimited data. 1In the present
study, a notable advantage of the MMS method for estimating genetic
trend, in comparison with the intra-sire regression techniques, was
its higher degree of utilization of input data. Had the standard
errors of the estimates of genetic trend produced by applying the MMS
method of estimation been obtained, it is likely that a comparison with
the standard errors of the genetic trend estimates produced by the
intra-sire regression methods would have reflected the difference in

utilization of input data of the two approaches.

At one stage it was thought that the extraordinary estimates of
genetic trend obtained from applying the weighted intra-sire regression
(-333.2 1b, and 428.4 1b of milk per year) may have been a result of
a peculiarity of the data. However, if there had been something
unusual about the data, it would almost certainly have been reflected
in the estimates of variance components, particularly the estimate of
the error variance component obtained from the data. The results in
Chapter 5, SectionIl demonstrate that the estimates of variance
components obtained are in good agreement with those previously
reported (N.Z., Dairy Board, 1969) and, therefore, any suggestion
of peculiarity in the data of the present study is unlikely. In this
connection, the results in Table 5.6 are of particular interest in that
the estimates of heritability (and therefore, the estimates or ihe error-
to-sire variance ratios) obtained agree rather well with those reported
by the N.Z. Dairy Board (1969). Moreoever, the estimates of
heritability in Table 5. 6 are not greatly different from estimates of
the heritability of first-lactation traits that have been reported

elsewhere,

In an investigation of 2, 720 first-lactation records proaucecd in
1947 by heifers of a number of breeds, Rendel, Robertson, Asker,
Khishin and Ragab (1957) obtained an estimate of heritability for milk
yield of 0.50 + 0.08. (Heritability estimate based on intra-class
correlation amongst half-sibs performance.) Van Vleck, Wadell and
Henderson (1961) applied Henderson's Method I, assuming a mouel

which included sire, year-season, herd, and all possible interaction
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effects to a sample of 39, 728 first-lactation records. The records
were produced in 3, 932 herds and 27 year-seasons and were age
corrected to mature equivalent before analysis. Application of the
technique used to calculate heritability in the present case to the
estimates of variance components published by Van Vleck et al.,
produced heritability estimates of 0.43 and 0.48 for milk and milkfat

yield, respectively.

That the method of age adjustment and level of herd production
may bias estimates of heritability has been demonstrated by Norman,
McDaniel and Dickinson (1972). They studied 7,997 records made by
cows calving for the first time in November and December 1964 at
the age of 26 to 28 months. (The strict limitations on the data were
aimed at minimizing the effect of any inter-relationship between age
and month of calving on milk yield, cf. P.D. Miller et al., 1970.)
Regional age-correction factors were used to correct to both a mature-
equivalent level and to a 27 month-equivalent level. The heritability
estimates that were obtained from analyzing the mature-equivalent
data after pooling across the regions, were 0.66 and 0.02 for milk and
milkfat yield, respectively. The corresponding estimates for the 27
month-equivalent records were 0.50 and 0.46 which clearly indicates
that the age adjustment base has an effect on heritability estimates.
The heritability estimates that were obtained from poon.ay wiithin-
region estimates of variance components (weighted by number of
observations) for the mature-equivalent data were 0.49 and 0. 45 ror
milk and milkfat, respectively. The corresponding estimates tor :he
27 month-equivalent data were 0.52 and 0.46; that is, no change in the
case of milkfat yield and a change of only 0.02 in the case of milk yicld.
The latter differences are much less than those for the mature-equivalent
data. The results obtained by Norman et al. (1972) indicate tnat the
use of regional age-correction factors having a base age guite different
from the age at calving of the cows which produced the recocrds
analyzed, can seriously bias heritability estimates. In this respec:
it is worth noting that the heritability estimates reported by the N.Z.
Dairy Board (1969) were obtained by pooling within-region estimates

of variance components from mature-equivalent data. (Regiois
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represented the two areas serviced by the Awahuri and Newstead
A.I. centres.) Norman et al. (1972) also demonstrated that
stratifying the data according to level of herdmate production and
later pooling the variance component estimates, leads to different
estimates of heritability than when level of production is ignored.
Thus, it appears that close attention should be paid to choosing an

appropriate model on which to base heritability estimates.

The heritability estimates reported by the N.Z., Dairy Board
(1969), Van Vleck et al. (1961), Norman et al. (1972), as well as
those of the present study, were based on the records of only A.I. -
bred animals and, therefore, may be biased through the A.I. sires
being a selected group. (The daughters of a selected group of sires
will not have arisen through random mating in the population and
consequently, the between sire variance for the population, and the
heritability, may be underestimated.) Furthermore, sire effects
are likely to be correlated with the number of observations
(daughters) in sire subclasses which is also a source of bias in
estimates of variance components (Harville, 1968; Henderson, 1-:73).
The importance of these biases in the estimates obtained in the prasent

study is not known.,

Despite being a main objective of the present study, it has not
been possible to determine whether the method of sire evaluation used
by the Farm Production Division of the N.Z, Dairy Board (N.Z. Dairy
Board, 1970) ranks sires (based on estimated breeding values)
unbiased by genetic trend in the population. It was hoped that a
comparison of the sire rankings obtained using the N.Z. Dairy Board's
method with those obtained from applying a method of sire evaluation
which is known to rank sires unbiased by genetic trend (MMS), would
reveal whether the sire rankings obtained by the N.Z. Dairy Board
are biased. However, in Chapter 5, it was noted that because the
MMS estimates of the breeding values of many sires were basad on
comparatively few daughter records, a definitive comparison i the
MMS method and the N.Z. Dairy Board method of sire evaluation was

precluded.
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The method of sire evaluation operated by the N.Z. Dairy Board
prior to 1969 was very similar to the herdmate comparison method
of evaluation (Heidhues et al., 1961) used in the United States.
According to Henderson (1973), the genetic trend in the dairy cow
population of New York State is sufficient to bias seriously the
herdmate comparison method of sire evaluation. On this basis,
it is reasonable to expect that the method in use in New Zealand prior
to 1969 would also have been biased by genetic trend. However,
with respect to the method of sire evaluation now in use in New Zealand
(N.Z. Dairy Board, 1970), the fact that the estimated breeding value
of most young sires incorporates ancestral information (for instance,
the rating of their own sire) may mean that genetic trend is not a
major source of bias in the method. Attention has been repeatedly
drawn to the fact that in a population which is improving genetically,
estimates of progeny superiority which are based on parental
information are usually overestimated. Therefore, in taking account
of sire and dam information in calculating the ratings of young bulls,
the N.Z. Dairy Board's method of sire evaluation may not be scriously
biased by genetic trend. An important exception, however, is that of
young bulls whose ratings are not based on any ancestral inicr.niation.
In this case, not only will comparisons between their ratings aad
those of long-standing sires be biased by genetic trend, but -o too
will comparisons with other contemporary young bulls whose raiings
have been based partly on ancestral information. Unfortunateiy, the

results presented here provide no direct evidence on these points.

Until modern computing techniques were developed, a msz or
advantage of methods of sire evaluation similar to that currently
operated by the N.Z. Dairy Board over MMS methods of evaluation,
has been their lower demands on computing facilities. According to
Henderson (1973), however, it is possible to apply the MMS method on
a routine basis using less computer time than that required to implement
the herdmate comparison method of evaluation. Even so, Keown (1974)
noted that a disadvantage of the MMS method in comparison to earlier
techniques, is that all sires must be re-evaluated in each analysis to
maximize the numbers of lactations on which the comparisons for all

sires are based.
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In the present study, attempts were made to apply the MMS
method of evaluation to the A.I. data (3,101 records, 111 sires, and
299 herd-years), but because of computing difficulties, the scale of
the exercise was reduced to the analysis of the edited-A.I. data
(2,155 records, 47 sires, and 145 herd-years). The major
difficulty in the case of the A.I. data was in obtaining the inverse
of the matrix (S--BH"1

method of matrix inversion which is based on Gaussian elimination.

B') (order = 111 x 111) using the Gauss-Jordan

In general, matrices which have been obtained using least squares
principl-es (as in the present study) are ill-conditioned. In a study

of the accuracy of some widely used matrix inversion procedures for
obtaining inverses of least squares matrices, Wampler (1970) showed
that procedures utilizing Gaussian elimination gave unreliable results
(from the point of view of large rounding errors). The procedure
finally employed obtains initially an inverse using Gaussian
elimination, but then takes account of the structure of the identity
matrix in proceeding to improve iteratively the accuracy of the inverse
matrix. Nevertheless, rounding errors still occurred in the analysis
since, despite being a consequence of the sire evaluarion model, the
within-group sums of sire effects (i.e., JZ'/S\ij) were not always zero,
as expected. The way to overcome this problem is tu employ
iterative procedures to obtain the inverse matrices (e.g., Gauss-
Seidel iteration) and take advantage of the fact that the within-zrougp

sum of sire effects should be zero (Henderson, 1973).

The results in Tables 5.8 and 5.10 showed that regarding nerd-
year effects to be fixed or alternatively, random effects had little
effect on the sire rankings produced by the MMS method of sire
evaluation. This implies that, either there are minimal genetic
differences among herd-years, or that in the present study, sires

were evenly spread over the herd-years which differed genetically.

Even though the present work has not demonstrated that genctic
trend is an important source of bias in the method of sire evaluaticn
currently used by the N.Z. Dairy Board, it would seem tnat the MM
method of evaluation is the more feasible approach in ranking sires

unbiased by genetic trend. Based on the experience obtainea in
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applying the MMS method of sire evaluation used here, coupled
with suggestions made by Henderson (1973), the author is of the
opinion that the method could be used on a routine basis in New

Zealand. In the meantime, further information is required on
factors such as:
(i) The most effective method of grouping the sires to overcome

the bias due to genetic trend.

(ii) Whether herd-year effects should be regarded as fixed or
random effects.
(iii) Ways of obtaining accurate estimates of the variance

component ratios.

(iv) The suggestions made by Henderson (1973) in minimizing
the amount of computer time required to implement the

method,

It is hoped that the above will be the subject of a further study.
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APPENDIX 1

List of the sequential sire numbers with corresponding N.Z. Dairy

Board sire codes.

i N.Z. Dairy Board N.Z. Dairy Board
Sire number sire code Sire number sire code
1 609 25 1439
p. 679 26 1416
3 412 27 1429
4 446 28 1459
5 441 29 1404
6 425 30 2446
7 659 31 1495
8 691 32 2449
9 637 33 2512
10 445 34 463
11 373 35 1415
12 672 36 2415
13 362 37 2414
14 781 38 2453
15 773 39 3495
16 354 40 3444
17 1444 41 3409
18 799 42 3472
19 790 43 3424
20 717 44 248
21 742 45 2456
22 735 46 4419
23 1430 47 3418
24 1450

124,
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