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ABSTRACT

The multivariate estimation of sire additive and residual variances and covariances by
Restricted Maximum Likelihood (REML) is addressed. Particular emphasis is given to its
application to dairy cattle data when all traits are explained by the same model and no
observations are missing. Special attention is given to the analysis of new traits being
included in a sire evaluation programme, for which a model has to be developed and no

previous estimates of the population parameters exist.

Results obtained by using either the multivariate Method 3 of Henderson, multivariate REML
excluding the Numerator Relationship Matrix (NRM) or by multivariate REML including the
NRM were compared. When a large number of traits were fitted simultaneously the
variance-covariance matrix estimated by Method 3 was negative-definite (outside the
allowable parameter space). REML estimates obtained while ignoring the NRM were
biased. The number and sequence of traits fitted in the analysis affected the estimates at
convergence. A canonical transformation of the variance-covariance matrix was undertaken

to simplify the computation by means of an Expectation Maximisation (EM) algorithm.

Approaches to choosing initial values for their use in iterative methods were compared via

their values at convergence and the number of iterations required to converge.

To further simplify the use of muiltivariate REML, three transformations of the Mixed Model
Equations (MME) were integrated: the absorption of proven sire effects taken as fixed, a
triangular factorisation of the NRM, and the singular value decomposition of the coefficient

matrix in the MME. One statistical algorithm (EM) and one mathematical algorithm (Scoring



type) were developed to iteratively solve the REML equations on the transformed scale,
such that the transformed coefficient matrix of the MME did not need to be inverted at each
iteration and the required quantities to build the REML equations were obtained through

vector operations.

Traits other than Production (TOP) from New Zealand Holstein-Friesian dairy cows were
analysed (4 management and 13 conformation characteristics), each trait scored using a
linear scale from 1 to 9, with extreme values corresponding to extreme phenotypes. Mixed
model methodology was used for the analysis of TOP as no significant departure from
normality was observed. To model the TOP, the fixed effects of herd, inspector, age, stage
of lactation (linear and quadratic) and breed of dam were tested for significance. Only the
effects of inspector and herd were significant for all traits, with breed of dam significantly

affecting adaptability to milking, shed temperament and stature. .

Estimates of phenotypic means and standard deviations, and heritabilities for TOP were:
adaptability to milking 5.4 + 1.7, 0.20; shed temperament 5.5 + 1.6, 0.12; milking speed 5.7
+ 1.5, 0.11; farmer’s overall opinion 5.7 £ 1.7,.14; stature 5.1 + 1.0, 0.14; weight 4.4 + 1.0,
0.37; capacity 5.3 £1.0, 0.40; rump angle 5.4 = 0.7, 0.16; rump width 5.2 £ 0.7, 0.08; legs
5.2 £ 0.6, 0.34; udder support 5.3 £ 1.0, 0.63; fore udder 4.9 + 1.1, 0.48; rear udder 4.9
1.0, 0.33; front teat placement 4.2 £ 0.7, 0.22; rear teat placement 5.2 £ 0.8, 0.22; udder

overall 4.8 £1.1, 0.42; and dairy conformation 5.3 + 1.1, 0.32.

Large positive phenotypic correlations among management traits were obtained, while the
correlations of these traits with type were small and positive when significant. Large and
positive correlations among udder traits were found. All traits related to size were positively
correlated amongst themselves. Most of the traits were positively correlated with dairy

conformation.

Estimated genetic correlations for stature and weight with other conformation traits were
generally negative. With the exception of udder support, all udder traits were positively

correlated amongst themselves. Dairy conformation was positively correlated with most



traits, except with stature, rump angle, legs, rear udder and udder overall.

The estimates obtained in this study shold be used in the evaluation of Holstein-Friesian

sires and cows for TOP in New Zealand.
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GENERAL INTRODUCTION

When undertaking the task of finding estimates of heritabilities and correlations that are to
be used in animal selection programmes, both theoretical and practical aspects have to be
considered. These deal mainly with the properties of the sample, the model chosen to
describe the sampling procedure, the method of computation of the estimates, and the

properties of the estimates.

The biology of animals and its interaction with farming practices will impact on the statistical
properties of the measurements made on them. Domestic animal species differ in their
reproductive physiology and in the length of their life-cycle; that is, they reproduce at
different rates and have different generation intervals. The modification of the reproductive
rate through artificial breeding, and embryo cloning and transfer may enhance or eliminate
some of the natural differences. Some traits are restricted to animals of one sex (eg.
ovulation rate), to a given age (eg. weaning weight) or condition (eg. days in calf), these

factors affect the kind of selection programme that can be implemented. They also affect



Xi

Ideally, all available information should be used in the estimation of population parameters
but, this is seldom the case as all records are not always available or validated. Unbalanced
size of fixed and random classes is a common finding in field data, and not uncommon in
experimental data, imposing restrictions on the statistical methodology that can be used for

the study. The methods available frequently involve difficult and tedious computations.

The interpretation of the estimates derived will be limited by the assumptions that were
made during the development of the statistical model and by the distribution of the

measurements, the underlying traits and unexplained variation.

Often when new traits are considered in a selection programme no previous estimates of
the population parameters exist, and sometimes the distribution properties that these traits
follow may also be unknown. Thus basic descriptive statistics and tests of goodness of fit
are required before preceeding to the modelling of the traits. If several traits are included

simultaneously, a multivariate approach is required.

In the present work these problems are addressed with particular emphasis on traits
observed in dairy cows. The case studied involves the development of a model by testing
fixed and random effects, as well as some covariables, before a method to estimate
variance components is chosen. The selection of statistical and computational methods is

studied, and practical and theoretical aspects are reviewed.

This thesis consists of three self-contained chapters that deal in sequence with the
descriptive study of a new set of traits in a selection programme, their modelling and, the
statistical and computational aspects of estimation of their components of variance and
covariance, under a multivariate model. A set of management and conformation traits of

New Zealand dairy cows is used as an example throughout the study.

In Chapter | an historical review of the measurement, use and evaluation of traits other than
production in dairy cows is undertaken. A descriptive study of a set of such traits in New

Zealand dairy cows is undertaken and an appropiate mode! for the multivariate estimation of



xii

their variance and covariance components is developed. Restricted Maximum Likelihood
(REML) estimation of parameters for traits with equal design matrices under a multivariate
model is applied, and the resulting estimates are compared with those obtained by a

method of fitting constants.

Further development of a multivariate model is described in Chapter Il, in which the
importance of including the Numerator Relationship Matrix (NRM), when different from the
identity matrix, is shown. A computational strategy for the application of an Expectation
Maximisation (EM) algorithm, after a transformation of the vector of observations, is
described. The effect of initial values on the rate of convergence of an EM algorithm is
studied. The estimates obtained are interpreted and compared with those previously

reported in the literature, and a set of recommendations given for the use of the estimates.

Although the desirable properties of REML make it the metho.dlof estimation of choice, the
number of computations required, and its relative lack of availability in commercial statistical
packages, have been limiting factors for its application. The use of a canonical
transformation on multivariate models, where traits are affected by the same fixed and
random effects, considerably simplifies the computations required by reducing the size of
the coefficient matrix of the mixed model equations that is to be inverted. However, the use
of slow converging algorithms, that require the inversion of the reduced coefficient matrix at
each round of iteration, still represents a large computational effort. Faster algorithms have
the disadvantage that an even greater computational effort is needed at each round of
iteration. In Chapter il an algorithm that further simplifies the computations is developed,
such that the use of EM or Method of Scoring-like algorithms are simpler and faster. This
exploits the properties of the singular value decomposition of the coefficient matrix, which
alllows the inclusion of the NRM. The intention of this section is to make the use of REML

more appealing to researchers in the field of animal breeding.





