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Zusammenfassung:

Ziegennucleusherden mit überlappenden Generationen wurden simuliert. Die Paarungen

waren hierarchisch. Jährlich wurden 4 bis 16 Böcke und 32 bis 128 Ziegen selektiert. Die

Anzahl Nochkommen pro Wurf variierte von 8 (mit multipler Ovulation und Embryotransfer)

bis 2, um die konstant gehaltene Jährliche Anzahl von 256 Nachkommen zu erhalten. Es

wurden nur Ziegen mit mindestens einer Eigenleistung und Bocke mit Geschwisterleistung

selektiert. Ein Tier konnte mehrmals zur Nachzucht selektiert werden. Die Anzahl selektierter

Vollgeschwister war nicht beschränkt. Bei drei verschiedenen Heritabilitäten (0.1,0.25 und

0.5) wurden drei verschieden Zuchtstrategien simuliert: 1. Zucht auf ein einzelnes Merkmal,

2. Zucht auf zwei korrelierte Merkmale mit gleicher Heritabilität, verschiedenen Varianzen

und gleicher Gewichtung in einem Zuchtindex und 3. Zucht auf zwei korrelierte Merkmale

mit gleicher Heritabilität, verschiedenen Varianzen und Gewichtung der Merkmale von

1:10 in einem Zuchtindex. Die Zuchtwertschätzung erfolgte mittels individuellem Tiermodell

unter Einbezug der Inzucht.

Im Vergleich zur Paarung der besten Böcke an die schlechtesten der selektierten Ziegen

steigt bei der Paarung der besten Böcke an die besten Ziegen der Inzuchtgrad, nicht

aber der Zuchtfortschritt . Durch die Reduktion der Elternzahl stieg der Inzuchtgrad

drastisch an (bis 405% im Einmerkmalsmodell). der Selektionserfolg aber nur massig (bis

126%). Der Inzuchtgrad wird hauptsächlich durch die Anzahl Eltern, der Zuchtfortschritt

jedoch durch die Heritabilität bestimmt. Der Inzuchtgrad ist unabhängig vom verwen¬

deten Zuchtmodell, steigt aber mit sinkender Heritabilität. Der Variationskoeffizient des

genetischen Fortschritts sinkt im Allgemeinen mit steigender Anzahl Eltern. Mit sinkender

Anzahl selektierter Elterntiere und mit höherer Heritabilität vergrössert sich der Verlust an

genetischer Varianz bezüglich der genetischen Varianz der Basispopulation und beträgt

im Maximum für das Einmerkmalsmodell 55% bei 32 selektierten Müttern und 4 selektierten

Vätern. Wird der Zuwachs an Inzucht für den Planungszeitraum von 12 Jahren auf 15% limi¬

tiert, so sind bei Heritabilität z 0.25 nur Schemata mit 64 Müttern und 16 Vätern oder 128

Müttern und mindestens 8 Vätern anwendbar. Um Zuchtfortschritt und deren Varia-

tionskoefizienten zu gewichten, wurden Risiko-Nutzenfunktionen mit verschiedener

negativer Gewichtung der Streuung eingeführt. Durch quadratische Risiko-

Nutzenfunktionen ändern sich die Rangrelhenfolge nur unwesentlich. Wird eine expo-

nentlelle Risiko-Nutzenfunktion verwendet, so ändern sich die Rangreihenfolgen der

verschiedenen Zuchtschemata in Abhängigkeit von der Gewichtung der Streuung. Wird

ein Risikonutzenfaktor eingesetzt, wie er sich bei der Preisbildung für Stierensperma ergibt,

so ändern sich die Rangreihenfolgen stark.

Bei Ziegen sind, im Gegensatz zum Rind, Zwillinge ab dem zweiten Wurf die Regel, und es

kommen auch Vierlingsgeburten vor. Zusätzlich ist es möglich, die Wurfgrösse, ohne

Embryotransfer, nur mit hormoneller Behandlung, auf vier zu steigern. Deshalb leistet der

Embryotransfer unter den gegebenen Einschränkungen keinen wesentlichen Beitrag zur

Steigerung des Zuchterfolges In geschlossenen Ziegennucleusherden.
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Summary:

Goat nucleus herds with overiapping generations were simulated. The matlngs were

hierarchical. Yearly 4 to 16 bucks and 32 to 128 does were selected. The litter slze varied

from 8 (with multiple Ovulation and embryo transfer) to 2, in order to preserve the flxed

number of 256 offspring. Only does with at least one own record and bucks with sister

Performance records were selected. One animal could be selected several times for

breeding. The number of selected füll sibs was unlimlted. For three different heritabilities:

0.1, 0.25, 0.5 three different breeding strategles were simulated: 1. breeding for a single-

trait, 2. breeding for two correlated traits with identical heritability, different variances and

same welght in a selection index and 3. breeding for two correlated traits with Identical

heritability, different variances and trait weight 1:10 in a selection index. Selection was

based on an individual animal model taking Inbreeding into account.

Mating the best bück to the best does Increases the rate of Inbreeding, but does not

Increase the genetic values compared to the case when the best bucks were mated

with the weckest selected does. Through reduction of the number of parents the rate of

Inbreeding increases dramatlcally (up to 405%) but the increase in selection progress was

moderate (up to 126%). The rate of inbreeding was malnly determlned by the number of

parents, whereas the genetic progress mostly by the heritability. The rate of inbreeding

was independent of the used breeding model, but increased with Iower heritability The

coefficient of Variation of the genetic progress generally decreases with an increased

number of parents. A decreased amount of selected animals per year and an increased

heritability enlarged the loss of genetic variance and amounted to the maxlmum of 55%

In the case of a single-trait model with 32 selected dams and 4 selected slres. When the

rate of Inbreeding was limited to 15%, then with heritability s 0.25 only schemes of 64 dams

and 16 sires or 128 dams and at least 8 slres could be utllised. In order to weight the

genetic progress and its Variation, different risk Utility functions with different negative

weight of the variance are introduced. Quadratic risk utllity functions did not change the

preferences by much. When an exponential risk utillty functlon was applied, the ranking of

the different breeding schemes changed in accordance with the weight of the variance.

When a risk aversion factor was used, as it can be derived from the prlzing of bull semen,

the ranking shifted dramatlcally.

In goats twlnning from the second parity on is normal, and four offsprlng per litter are

observed. It Is also possible to increase the litter slze to four merely by hormone

appllcation wlthout having to resort to embryo transfer. Under the glven restrictlons the

embryo transfer does therefore not contribute much to the increase of the genetic

progress in closed nucleus herds of goats.
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Resume:

On a simule des noyaux de selection caprlns avec generations imbriquees et

accouplement hlerarchiques. On a selectionne de 4 ä 16 boucs et de 32 ä 128 chevres

par an. Le nombre de descendants par mise-bas a ete varle de 8 (avec Ovulation

multiple et tansplantation d'ovules) ä 2 pour un nombre constant de 256 descendants par

an. Seules des chevres disposant d'une epreuve de Performance propre et des boucs

dont Celles des soeurs sont connues ont ete selectionnes. Un animal pouvait ötre

considere ä plusieures reprises pour produire la remonte. Le nombre de pleln-freres et

soeurs selectionne n'etait pas limite. Trois strategles d'elevage ont ete simulees: 1.

selection sur un caractere; 2. selection sur deux caracteres dlfferents ayant la meme

heritability, des variances differentes et une meme ponderatlon dans l'indice de

selection; 3. selection sur deux caracteres dlfferents correles ayant la meme heritabllite.

des variances differentes et un rapport des facteur de ponderation dans l'indice variant

de 1 ä 10. On a assume 3 heritabilltes differentes (0.1, 0.25 et 0.5) pour chacun des 3

scenarios.Par rapport ä un scenario dans lequel les meilleures boucs sont accouples aux

chevres les plus mediocres, un accouplement des meilleurs boucs avec les meilleures

chevres conduit ä une augmentation du taux de consangulnite mais non ä une

amelloratlon du succes de selection. Une reduction du nombre de parents selectionnes

engendre une forte augmentation du taux de consanguinite (jusqu'ä 405% pour le

scenario de selection sur un seul caractere) et une amelioration du succes de selection

(jusqu'ä 126%). Le taux de consangulnite est principalement dependant du nombre de

parents, le succes de selection de l'heritabilite. Le taux de consanguinite ne depend pas

du scenario. mais augmente lorsque l'heritabilite decrolt. Le coefflcient de Variation du

succes de selection decröft lorsque le nombre de parents augmente. Une diminution du

nombre de parents et une augmentation de l'heritabilite conduisent ä un accroissement

de la reduction de la variance genetique. Elle est maximale pour une selection de 32

chevres et 4 boucs dans le scenario de selection sur un caractere (55 %). Si

l'augmentatlon du taux de consanguinite doit etre limitee ä 15%, seuls les scenarios avec

64 chevres et 16 boucs ou 128 chevres et au molns 8 boucs sont appliquables pour une

heritabilite >0.25. Une ponderation du succes de selection et de son coefficlent de

Variation a ete effectuee avec differentes fonctions risques-beneflces en assumant

differentes ponderatlons negatives de la variance. Le classement des scenarios varie peu

sl l'on applique une fonction risques-beneflces quadratique. Base sur und fonctlon

exponentielle, il depend de la ponderation de la variance. La consederation d'un facteur

risque, comme pour la formation du prlx de la semence de taureaux, influence fortement

le classement.

Chez les chevres. au contraire de chez les vaches, les portees doubles sont de regle des

la deuxieme mise-bas. On enregistre meme des quadruples. II est sans autre posslble

d'augmenter la grandeur de la portee avec un traltement hormonel, sans transplantation

d'ovules. Das ces conditions, celui-cl ne contribue que peu ä l'amelioration du succes de

selection dans un noyeau de selection caprin.
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I.lntroductlon

1. Introduction

1.1 Animal Breeding

Biological Variation is influenced by the activities of the human beings. Animal

breeding can be called such an activity. It is a form of selection with the goal

of utiiising specific characteristics of the animal and has been done for

thousands of years. Thus, the domestication of wild animals and animal

breeding are basic elements of human culture (Stranzinger, 1992). Those traits

can be either of qualitative or quantitative character such as colour of wool

or milk quantity; with or without direct economic importance, such as protein

yield in cattle or udder form.

1.2 Breeding Schemes

In each breeding scheme the goal is to select the genetically best animals,

with respect to a specified objective, for mating and to produce a superior

future generation. Rendel and Robertson (1950) showed how genetic

progress can be divided into four paths (Figure 1).

parent generation male female

selected parent sires to sires to dams to dams to

breedsires breeddams breed sires breeddams

path sire-son sire-daughter dam-son dam-daughter

Ss Ss Ds Dd

offspring generation male female

Figure 1: Schematic description of the four paths model (Rendel and

Robertson. 19S»
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This scheme holds true for all farm animals and further examples are mainly

linked to dairy cattle, but can be used also for goats.

In general (Falconer, 1984), the genetic progress per generation R for infinite

populations is:

R=i'h2'op (1)

where / is the standardised selection differential intensity, n^ the heritability

and op is the phenotypic Standard deviation of the trait under consideration.

Because selection cannot be performed on the base of the true genetic

value but only on the estimated breeding values, this expression must be

multiplied by the accuracy of the estimated breeding values rpg. To obtain

the annual genetic progress, the genetic progress per generation has to be

divided by the length of the generation L. Therefore the annual total genetic

progress is:

R = h*C * 'FS*r'"FS +1">*rP8FD + 1"s*rP8MS +1MD*rpgMS
(2)

T-fs + Lfd + LMs + Lmd

While h2 and ap are parameters difflcult to change artificially, the other

factors in (2) are variable with several constraints. The factor iy is a function of

the fertility and the percentage of animals that must be retained to replace

animals culled for reasons other than selection. The accuracy of breeding

value evaluation of a desired trait and the length of a generation are,

besides natural constraints, dependant on the System of evaluation. If the

ancestor is progeny tested, the effective L will be at least two times longer

then the natural minimal L

1.2.1 Conventional Breeding Schemes

Because of basic lack of research in goat breeding, in the following chapter

dairy cattle are taken as model.

In the conventional dairy cattle breeding Systems, as an example of an

improved breeding System, selection is done among all animals. Optimally, all

animals are registered in the herdbook and their Performance in economic

traits is recorded. While females are normally tested on their Performance,

sires are progeny tested. Artificial Insemination is widespread and increases

the male reproductivity up to several hundred thousand offspring per

selected sire. Therefore //x is high. Because of this high reproductivity only a
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few cows are needed to be dams of a sire. Therefore /ms is high. Because up

to 90% of the cows must be retained to replace cows culled for reasons other

than selection (Van VIeck, 1981) and because female reproductivity is

relatively small, /ma> is small. The length of the generation interval on the paths

fs and fd are long due to the progeny testing and rather long for the path ms,

because dams of sires are normally selected only after two complete

lactations.

The potential lengths of generation for the four paths for dairy cattle and

progeny testing are 7.0 years for sire to son, 5.0 years for dams to son, 8.0

years for sire to daughters and 5 years for dam to daughters (Van Tassel and

Van VIeck, 1991).

In reality the generation inten/als are longer (Casanova, 1991; Van Tassel and

Van VIeck, 1991). Whereas on the sire to sire path effective genetic progress

is equal to the potential progress per generation, in all other paths progress

realised is much Iower (Van Tassel and Van VIeck, 1991).

Some reasons why potential progress in milk yield is not achieved in the dam

to dam and dam to sire path: are: selection is done on traits other than milk

yield, like udder form or other conformation traits and geneticaliy superior

cows are culled due to diseases such as mastitis, acidosis, milk fever (Wilmink

and Meuwissen, 1989). In addition, the preferential treatment of potential

dams of sires will bias the selection and reduce the genetic progress between

14% and 20% (Van VIeck, 1986; Wilmink and Meuwissen, 1989). For the sire to

dam path the higher price for superior semen may be a reason not to use the

best sires and therefore selection intensity will be Iower.

The genetic trend for milk in grade cows in the US was only 60% of the

potential gain (Van Tassel and Van VIeck, 1991), while in Swiss brown cattle

genetic gain was 47.5 kg/Year (Casanova, 1991) or 50% of the potential gain

using the same assumptions. In the Dutch Holstein population the genetic

gain for Net Profit Index for crossbred bulls did approach theoretic values,

whereas in total progress was about 50% less than theoretically expected

(Wilmink and Meuwissen, 1989).
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1.2.2 Nucleus Breeding Schemes

Nucleus breeding schemes are those schemes in which selection for several

paths is performed only within one or a few elite herds. In a nucleus scheme

only a small part of the population are potential sires and dams and thus

under control for the desired traits, although most of the animals may be in a

herdbook. Sires may be progeny tested outside the elite herd. The accuracy

of breeding value estimation may be higher because all potential parents

are evaluated in the same environment. Nucleus breeding schemes are

widespread in poultry and pig breeding. Whereas in cattle the female

reproduction capacity and therefore selection on the dam-daughter path is

limited, compared to pig or poultry breeding, with 20 offspring per year and

sow or more than 200 offspring per year and hen, only a small part of the

offspring are needed for replacement.

If the number of fullsibs is high, breeding value can be estimated with a rather

high accuracy based on the Performance of the parents and sibs. If selection

is done on those evaluations instead of progeny testing, the length of the

generation interval is reduced to less then half on the paths fd and fs.

A nucleus breeding system with selection based on breeding values

estimated on sib Performance, but without progeny fest, is calied an Adult

Nucleus Scheme. In the Juvenile Nucleus Scheme selection is performed only

on the base of the ancestors' Performance. The length of the generation

interval is minimised, but the accuracy of breeding value estimation, without

inbreeding, will be less than 50%. Those two Original Nucleus Schemes

(Nicholas, 1979; Nicholas and Smith, 1983) do not incorporate Information for

breeding value estimation from outside the nucleus. In the Mixed Nucleus

Scheme bulls are also progeny tested outside the nucleus (Nicholas, 1979;

Colleau, 1985; Christensen and Libourissen, 1985).

The ability to increase the reproductive rate of the cow with embryo transfer

has made it possible to raise selection intensities and to shorten generation

intervals (Ruane, 1988). However, as shown by Van VIeck (1981), application

of Multiple Ovulation and Embryo Transfer (MOET) to the entire commercial

female population cannot be economically justified. Application of MOET to

the dam to sire selection path is relatively inexpensive and can increase

genetic gain by 2-10% (Van VIeck, 1981).
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1.2.2.1 Open Nucleus Scheme

In an open nucleus scheme selection of sires for the whole population is

performed only among males bom in the nucleus. Dams of sires and dams of

females in the nucleus are selected from both females of the nucleus and

those females bom outside the nucleus. In some open nucleus schemes elite

cows from the commereial population are kept for an addffional lactation in

the nucleus herd before selecting them as dams of sires. In some open nuclei

females bom in the nucleus, but not selected to be dams of nucleus progeny

are transferred to the base population.

( BBF )

Progeny

NBM: Nucleus Born Males; NBF: Nucleus Born Females; BBF: Base Born Females;

MNR: Males to breed Nucleus Replacements; FNR: Females to breed Nucleus

Replacements; MBR: Males to breed Base Replacements; FBR Females to

breed Base Replacements

Figure 2: The open nucleus scheme (Meuwissen. 1990)

[ NBM ) C NBF )

( MBR ) ( FBR fr
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1.2.2.2 Closed Nucleus Scheme

In a closed nucleus scheme the founders of the nucleus are selected from the

total population. But after establishing the flock no animals bom outside the

nucleus are allowed to enter the nucleus. Nicholas and Smith (1983) first

suggested a closed nucleus herd, as an economically viable alternative to

apply MOET to all selection paths. Using a deterministic model they predicted

a genetic response that was at least 30% higher than could be achieved by

conventional national breeding programs. However, their model did not

account for reduction of genetic variance due to linkage disequilibrium

(Bulmer, 1971), and Iower selection differentials due to finite population size

(Hill, 1976). Simulation studies and deterministic modeis that accounted for

these effects found Iower responses (Juga and Mäki-Tanila, 1987; Meuwissen,

1990; Ruane and Smith, 1990; Ruane and Thompson, 1991; Ruane, 1991a,

1991b; Stranden et al., 1991; Toro and Silio, 1989).

In an original closed nucleus, no recordings outside the nucleus are needed

and therefore this System is the ideal method for areas without recording of

the trait bred for. In the case of small herds and different environments

between and within the herds, for example when animals are on alpine

pasture for some months, an overall comparison and breeding value

estimation for the population will be very difficult and inaccurate. These

circumstances are similar to the Situation without recording of the desired

traits. In addition, where infectious diseases are widespread, it is difficult to

establish a conventional breeding scheme and therefore a closed nucleus

will be a promising alternative
.
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NBM: Nucleus Bom Males; NBF: Nucleus Born Females; BBF: Base Born Females;

MNR: Males to breed Nucleus Replacements; FNR: Females to breed Nucleus

Replacements; MBR: Males to breed Base Replacements; FBR Females to

breed Base Replacements

Fiaure 3: The closed nucleus scheme (Meuwissen. 1990)

1.3 Breeding Value Estimation

Breeding for quantitative traits is generally directed to a maximum or a

minimum of the trait. Such a trait can be milk production in cattle, where a

maximum is desired or days until slaughter in chicken, where a minimum is

desired. It is common, that those traits show normal distribution. Fisher (1918)

showed how the assumption of normal distributed traits and the hypothesis of

mendelian inheritance are compatible. For such traits only the additive

component A of the genome has an influence on the response to selection.

The dominant component D, if it exists, is unaffected by selection, remains

independent of A with zero mean and Variance Vp (Bulmer, 1980). In a



l.lntroduction 8.

simple model the regression of the genetic value of an offspring Aq on that of

its sire A$ and dam Aj is

A0 = y2At+y2Ad+M0 (3)

where M0 represents the Mendelian sampling. The Mendelian sampling is an

expression for the uncertainty, which alleles are sampled during meiosis Its

expected value is zero and its variance is

Var(M) = }£a2(i-F) (4)

where a] is the additive genetic variance in the base population and F is the

average inbreeding of parents s and d.

Under the assumption of normal distributed traits, influenced by an infinite

number of genes and an infinite population, maximum genetic progress will

be achieved, if the animals with the highest A, also calied breeding value,

are selected. Because we do not know the content of the whole genome, A

is unknown and impossible to measure. Therefore we need to find a best

estimation for this component A, based on the known Information. Hazel

(1943) developed the selection index to maximise the mean of breeding

values of individuals selected by a linear index. He defined genetic and

environmental correlations and suggested how they could be estimated. In

this method balanced data and known means of the effects are required. His

proof for optimum of an selection index, based on an estimated breeding

value, required that animals were uncorrelated and the candidates have

equal Information and the trait was normally distributed. Henderson (1963)

proved, that selection index maximised the probability of correct pairwise

ranking in spite of correlated Information and unequal Information. Fernando

and Gianola (1986) extended this proof. They showed for any case, that if k

individuals are to be selected from n candidates, selection on E(A|y)
maximises the expected value of the mean breeding value of the selected

individuals. The selection index is a particular case of E(A|y) for the

multivariate normal distribution and known means and variances of the

effects.

1.3.1 Best Linear Unbiased Prediction

In reality the measured traits are influenced by various unknown effects.

Those effects can be fixed, like herd, year, season, region or random, like a

genetic effect, effect of the litter or permanent environmental effects. Such
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2. Under normality

a. E(u|Q) = ü

b. Var(ü-u) = Var(u|ü)

c. w is the Maximum Likelihood (ML) estimator and Best Linear Unbiased

(BLU) estimator of conditional mean of w

d. In the class of linear predictors with means zero, Q maximises the

probability of a correct ranking of the elements of u (Henderson, 1973).

The BLUP method weights the a priori Information and the present records in

an optimum way. A good example is given by Dempfle (1982). Dempfle

(1982) also shows under what circumstances estimates of a selection index

will have properties of BLUP
. estimates

1.3.2 The Individual Animal Model

As mentioned, (5) is a very general model and u can comprise several

random factors. Genetic effects, as well as non genetic effects such as

environmental effects common to repeated records on the same animal

(permanent environment effect), can be represented in u. First consider a

simple additive genetic model for the situations where Single records on a

single-trait are available. In this case

y»Xb + Za +e (8)

where a~(0,Aa*) is the vector of additive genetic values of animals in the

population, e~(0,la*) is the vector of random environmental effects, and (5)

reduces to

b
=

xy

.zy.

where X = o2Jal = (l-h2)/h2. If the trait is recorded on all animals, Z is an

identity matrix (I). If not, Z is similar to I except it will be augmented by

columns of zero corresponding to animals without records. A is the matrix of

additive relationships. It is comprised of off diagonal elements a,, equal to the

numerotor of Wright's (1922) coefficient of relationship between the

i* and the j* animals, diagonal elements a„ equal to 1+F,, where F,, is the

coefficient of inbreeding of the i* animal. In absence of fixed effects, the

individual animal model is equivalent to Hazel's selection index.

XX X' z

Z'X Z'Z+A"'A,
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Although the Statistical properties of the estimates derived from (9) are well

defined, their genetic properties are less well understood. In (8), E(a)=0 and a\

(or altematively hJ) is a constant, even though the data may span a number

of generations and selection may have operated. It is well recognised,

however, that both the genetic mean and variance do change in animal

populations under selection. These changes occur as a consequence of

Chance sampling in a population of finite size and of changes directed by

selection. Fortunately, inclusion of A~' in (9) accommodates many of these

changes.

For example, it is well established that in closed populations of finite size,

inbreeding accumulates with each generation as does genetic drift

(Falconer, 1984). The relationship matrix, because it accounts for the

correlated structure among observations due to common additive genetic

effects, accounts for drift variance (Kennedy, 1989).

Genetic means and variances change also as a result of selection.

Felsenstein (1965) has shown that directional selection causes negative

covariances between the frequencies of genes at different loci, that is

gametic disequilibrium. Bulmer (1971) has derived formulae to predict

changes in genetic variance each generation from selection under an

infinitesimal additive model. Other genetic mechanisms, such as assortative

mating, also alter genetic variability (Bulmer, 1980; Falconer, 1984)

The selection model of Henderson (1975) assumes normality and an additive

infinitesimal model. Selection itself leads to departures from normality, but

such departures are small in a infinitesimal model (Bulmer, 1980). Additionally,

Bulmer (1971, 1980) has shown, that the Mendelian sampling component of

an animals breeding value is unaffected by selection in previous generations.

Thus, Sorensen and Kennedy (1986) argue that if A is complete for a group of

animals its use accommodates changes in variance due to gametic

disequilibrium which result from selection. This hypothesis has been verified by

simulations. Under the assumption of an infinitesimal model, genetic

evaluations from use of (9) are not detectable biased by selection and

changes in genetic variances due to gametic disequilibrium and inbreeding

(Sorensen and Kennedy, 1986) as well as assortative mating (Kemp, 1987) are

accommodated.
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1.3.3 Repeated Measurements and Different Traits

Very offen a trait of an animal is measured more then once, like milk per

lactation or more then one trait is evaluated like protein and fat in the milk. If

correlation between repeated measurements is less than one, repeated

measurements can be considered as different correlated traits. For different

traits R will be block diagonal. Such a block contains the residual variance-

covariance matrix of the evaluated traits. Due to this structure, multitrait

evaluations are much more time consuming on the Computer and

convergence can be probiematic (Schmitz, 1988). In special cases,

simplifications are possible:

In the Situation when heritabilities are equal and the genetic correlations

equal the residual correlations for each pair of traits, an independent

evaluation of the different traits will be equal to a simultaneous evaluation by

a multitrait model (Lee, 1979). The difficulties of a multitrait model can be

avoided.

If correlation between repeated measurements is one or near to one,

evaluation can be performed by a repeatability model. A repeated

measurement of a trait is not only influenced by the additive genetic value of

an animal and a random residual component. But preferential treatment of a

certain animal and non additive effects will also influence the Performance.

This permanent environment can be added to (8) such that

y = Xb+Z,a+Zcc+e (10)

where c-(0, la2) is the vector of the permanent environment effects and Zc is

a known incidence matrix to connect observed measurements with the

permanent environment effects. (9) is expanded to:

XX xze xz.

ZCX ZcZc + lg Ze'Z,

Z.X Z.ZC Z.'Z. + A-I

where y = (l-a2a-cs2c)/a2 and X = (l-al-a2)/ol andc* is the variance

of the permanent environment effect.

Although principles of breeding value estimation with an individual animal

model and the BLUP method were known since 1973, applications were

b X'y

fc = V'y

ä Z'y

(11)
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performed only several years later. A major problem was to find A"'. It was

impossible to invert the relationship matrix A for a large population.

Hendersons algorithm (1976) to compute A"1 directly without Computing A

and inverting rt solved this difficulty. Since then, other algorithms to compute

A"' have been proposed (Quaas, 1976; Tier and Graser, 1991; Meuwissen and

Luo, 1992). Today breeding values in dairy cattle are evaluated with this

method in most developed countries or evaluation by an IAM BLUP is in

preparation. In goats Wiggans et al. (1988) described an application.

Breeding values of dairy goats in the USA are estimated with the animal

model by BLUP since 1989 (Wiggans, 1989).

1.4Modelling

In any system analysis problem, the first step in studying and improving a

system is building a model. A reason for the importance of modelling and

model building is given by Rosenbluth and Wiener (1945), they write: "No

substantial part of the universe is so simple that it can be grasped and

controlled without abstraction. Abstraction consists in replacing the part of

the universe under consideration by a model of similar or simpler structure.

Models are thus a central necessity of scientific procedure."

A scientific model can be defined as an abstraction of some real system. It

can be used for prediction and control. Its purpose is to enable the scientist to

determine how one or more changes in various aspects of the modelled

System may affect other aspects of the System or the system as a whole

(Rubinstein, 1981)

There are many types of modeis, but in the following text only mathemotical

modeis will be considered.

The main purposes of a model are:

1. Enables an investigator to organise his theoretical beliefs and empirical

observations about a system and to deduce the logical implications of this

Organisation.

2. Lead to improved system understanding

3. Bring into perspective the need for detail and relevance

4. Expedite the analysis
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5. Provide a framework for testing the desirability of system modifications

6. Allow easier manipulation than system itself permits

7. Permft control over more sources of Variation than direct study of a system

would allow

8. Generally less costly and as required, faster or slower then the System

(Fishman, 1973).

In principle there are two types of modeis in animal breeding: Deterministic or

analytic modeis and (Monte Carlo) Simulation modeis (Moll, 1987).

1.4.1 Deterministic Models

In a deterministic model all mathemotical and logical relationships between

the elements are fixed. As a consequence these relationships completely

determine the Solutions.

An advantage of deterministic modeis is that they are quick to compute, and

if the model is correct, the results are exact.

In deterministic modeis it is necessary that all components, having an

influence on the result are known and taken into account exactly, either in

their function or dimension. Therefore deterministic modeis are offen

mathematically not easy, and sometimes even impossible to resolve. This may

occur, when complex differential equations are used.

1.4.2 Stochastic Simulation and Monte Carlo Simulation

Simulation in general is a numerical technique for conducting experiments on

a digital Computer, which involves certain types of mathemotical and logical

modeis that describe the behaviour of a system (Naylor et al., 1966).

The Monte Carlo method is a special field of Computer simulations. It is a

mathemotical technique to determine the probability of a given process by

constructing a model and using empirical techniques of Simulation and

sampling (Hanks, 1979). The word Monte-Cario method / Monte Carlo

Simulation is now used in different understandings. In mothematicai sciences it

means a Simulation to determine probabilities of a function, not solvable with
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analytical methods. In animal breeding all stochastic simulations which

include a random number generator

Since Monte Carlo simulations (in their animal breeding context) are requiring

not only a Computer program, but extensive use of a random number

generator and many replicates to obtain averages and variances of a

simulated model, this technique requests offen more Computer time then

deterministic modeis. But there are also advantages of the Monte-Cario-

simulation.

1. By numerical Simulation we can resotve problems that are impossible for

finding a Solution by a deterministic model

2. In Systems we describe, we are offen confronted with situations of

randomness, Monte Carlo Simulation therefore is nearer to reality

3. We do not need to know the system as perfect as in deterministic modeis

but only probabilities
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1.5 Goats, Goat Husbandry and Goat Breeding

1.5.1 Taxonomy and History

Taxonomically the genus Capra belongs to the tribe CaprinI of the family

Bovidae.

The domestic goat belongs to the genus Capra and has possibly been

developed from the following five wild species: Capra hircus, the true goat

including the bezoar (Capra hircus aegagrus); Capra ibex the ibexes; Capra

caucasica, the Caucasian tur; Capra pyrenaica, the Spanish ibex and the

Capra falconeri, the markhor. Although, not certain, the available evidence

from comparative morphology and breeding experiments indicates that the

bezoar of Western Asia is the main ancestor of most domestic goats.

(Devendra and McLeroy, 1982). All crossings between those five subgeni and

with the domestic goat are fertile (Gall, 1982).

First witnesses for domestic goats were found in Southwest Iran and the

Iranian plateau. They are older then 9000 years (Bökönyi, 1976). Domestic

goats from succeeding centuries have been reported in other sites in the

Near and Middle East, so in Jericho (Israel) and other sites (Epstein, 1971). The

domestic goat reached Africa by the 5th millennium b. c, through Egypt,

where it has been illustrated in tomb paintings of the 4th millennium. From

Egypt the goat moved south and west. It reached Europe from Western Asia

by two main routes in the 5th millennium b.c. (Nozawa, 1991). From the

eariiest strata of the Swiss lake-dwelling Neolithic sites the goat appeared

frequently (Keller, 1919). In the roman period polled goats appeared for the

first time (Bökönyi, 1974). With the colonisation of the new continents the

goats came also to America and Australia, while the far East received the

domestic Goat, through the yet known "silk road" already in the 2nd

millennium b. c.

Since eariy periods the goats have been used in different ways and for

different purposes: meat, milk, skin, wool according to the environmental and

cultural conditions such as climate, fodder availability, Status of agriculture

and religion.
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1.5.2 Goat Husbandry World-Wide

According to the FAO Production Yearbook (1992), the total population of

domestic goats was about 594 Million heads in 1990. The population has been

increasing in the last years constantly. Figure 4 shows the dispersion of goats

over the continents

Africa M N America D S America D Asia

E3 Europe D Former USSR

Figure 4: Distribution of Goats World-Wide

The countries with the largest number of goats are India (112 millions), China

(97 millions) and Pakistan (37 millions). Large numbers of goats in Europe are

found in Greece (6 millions) and Spain (3.7 millions), all other European

countries have less then 1.5 millions goats.

Whereas in cold and temperate regions milk and milk products like cheese

are the most important products from goats, meat production is the primary

function of goats in the tropics. The percentages of goat meat of total meat

production were 16% in India, Pakistan and Bangladesh, and 7% in Afnca

(FAO, 1992). One reason, why goats are not used for milk production in the

tropics is the lack of fodder with high quality. In high producing milk goats



1. Introduction lfi

body turnover of energy is up to 2.5 times higher then the energy turnover for

maintenance. This requires concentrates as grains and soy. Slow growing

meat production is possible also with poor quality of roughage. Other reasons

for preferring goat meat over goat milk are a quite widespread lactase

deficiency in Asians humans and the transmission of infectious diseases as

tuberculosis or Malta-fever through the rough milk.

Although the numbers of goats are much smaller then in many Asian

countries, goats are very important in the Mediterranean basin, where goats

are kept for milk production. Most of this milk is used for cheese production, as

feta in Greece or a lot of different types in France.

1.5.3 Goat Breeding World Wide

Due to the lack of milk recording and genetic evaluation procedures in most

developing countries, goat breeding is performed mostly in developed

countries.

The genetic improvement of dairy goats in Europe and northern America

started less then 15 years ago. In every country the number of goats

recorded within a breed is small
, except in France where number of

recorded goats is over 240000 (Ricordeau, 1991).

Breeding value estimation was performed with BLUP and a sire model first in

the United States (Weller et al., 1987). First application of IAM BLUP for goats

was performed in 1989 in the United States (Wiggans, 1989), but in other

countries as Norway and France older methods are applied (Steine, 1980;

Poutousetal., 1981)

Organised progeny testing schemes and breeding organisations are existing

in Norway (Aamdal, 1982), France (Ricordeau, 1991) and the USA (Wiggans,

1989).

In other countries, where goats are used in more extensive conditions and

milked after a suckling period of the kids, practical programmes start to be

effective, with the set up of simplified milk recording and selection of young

bucks bom from the best dams within a flock (Ricordeau, 1991). Those

methods are simple and not very effective. No comparison between flocks is

performed and no progeny testing scheme is existent.
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1.5.4 Goat Husbandry in Switzerland

The number of goats decreased in the last Century from 416'000 heads in 1896

to 58'200 heads in 1992 (BFS, 1992). In the same period the number of holders

went down from 136'000 to 9300
.
This drastic decrease can be seen from

figure 5.
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Figure 5. Decrease of number of Goats and Goat holders in Switzerland

There are several reasons for this decrease:

1. Change in working behaviour of human society: Typically the goat

was the cow of the poor men, who worked in a factory and had a few goats

as a smallholder. Seif produced foods, very populär in the last Century, has

become seldom.

2. There is, in contrary to cattle, no market for goat milk, only for goat

cheese; goats are economically not comparative to cattle

3. Change in educational system, in summertime children are not

anymore available as goat keepers.

4. New laws forbid grazing in forests

(Amman, 1978)

In addition Caprine Arthritis Enzephalitis, a Lentivirus disease similar to the AIDS

virus disease is widespread and caused a lot of damage (Bonderer, 1993). A

1896
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program to extinct this disease is operational (Raaflaub, 1994), but infected

animals have to be culled.

Milk production from goats was about 18'000 t in 1991 (ZVSM, 1993). Cheese

production from goats milk in the same year it was estimated to be about

200 t. In the same year about 150 t of goat cheese were imported from

France. In cow milk and its cheese the Situation is totally different: Cheese

production from cattle milk was 138% of the consumption in Switzerland and

the government spent more then 571 millions Swiss francs to subsidise the

export of Swiss cheese ( Schweizerischer Bundesrat, 1992). Thus it is evident

that in contrary to dairy cattle the milk production from goats can be

increased without affecting the federal budget.

Milk of goats is not only used for nutritional purposes, but also for medical

purposes (Löhle, 1988).

Meat consumption from goats in Switzerland is only 134g per year and capita

(GSF, 1992) or 0.16% of the meat consumption and thus negligible. There is no

breeding for goat meat in Switzerland.

1.5.5 Goat Breeding in Switzerland

In 1991 total 5098 goats were under milk recordings, dispersed over 7 breeds.

Only 51.6% of the milk recordings have a record for fat content and protein

content. Only 43 bucks had more then 15 recorded daughters and only 4.6%

of the milk records were from goats descending from one of this bucks. The

total of all registered animals in the goat herdbook is 13185 or less then 25% of

the total population. Combined with the relative small number of goats per

holder it is evident, that a modern progeny testing program for economic

traits i.e. milk, fat, protein does not exist.

While there is recording for milk and contents, there is no recording for traits of

meat production, as it exists in sheep, such as litter-size, weight of the litter at

a specific age or at weaning.

To improve genetic progress different methods have been proposed

(Gaillard and Kropf, 1978), but progress has not been achieved.

The government and parliament demanded in the 7th report on Status of

Swiss agriculture and federal agricultural politics (1992) that in goats primary

emphasis should be given to improvement of the genetic level for milk and

milk contents. Traits of meat production are not mentioned.



1. Introductlon 21

Bonderer (1993) suggested better methods for breeding value estimation with

different weights in a selection index and exchange of bucks between flocks

for a nation-wide breeding program. Increase in artificial Insemination is

explicitly not proposed. Exchange of bucks can be dangerous from the

hygienic point of view.

The aim of this study is to evaluate other Systems then a nation-wide breeding

program and to determine, if the application of Multiple Ovulation and

Embryo Transfer (MOET) or other reproductivity techniques can contribute to

the improvement of genetic level in goats.
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2. Methods

2.1 Nucleus Model

Previous stochastic Simulation studies of nucleus breeding schemes (Juga and

Mäki Tanila, 1987; Toro and Silio, 1989; Wooliams, 1989; Ruane and Thompson,

1990; Ruane 1991a, 1991b; Stranden et al., 1991) used discrete generations

and focused on dairy cattle populations. In contrast overiapping generations

were simulated by semi-stochastic simulations, i. e. not all animals had been

simulated by an individual stochastic Simulation (Schrooten and van

Arendonk, 1992). The difference between a system with discrete generations

and a system with overiapping generations is shown in Figures 6, 7. Different

mating Systems, such as hierarchical and factorial mating Systems were

simulated (Wooliams, 1989, Stranden et al. 1991, De Boer and van Arendonk,

1994). Different restrictions in selection of numbers of animals per sibship were

applied (Nicholas and Smith, 1983; Wooliams, 1989; Ruane, 1991a; Stranden

et al., 1991; De Boer and van Arendonk, 1994)

Time

(Years)

X

X + 0.5

X+1

X+1.5

X+2

X + 2.5

Figure 6: Breeding scheme with discrete generations
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Legend:

: Animals are partly or totalry entering the following group

: Animals are parents for the following group

Number: Number ofgeneration,

+, ++: Animals ofprevious generations may enter this group

Elite: Animals with completedPerformance test/half sib test

Test: Animals underPerformance test / halfsibs under test

New: New bom animals before entering Performance /half sib test

Flgure 7: Breeding scheme with overiapping generations
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2.2. Biological Differences between Goats and Cattle

Before transferring the knowledge about breeding schemes from cattle to

goats, biological and management factors have to be compared.

The main differences between goats and cattle are listed below

Cattle Goat

Age at first birth 2-3 years 1 year

Gestation length 285 days 150 days

Lactation length 305 days 200 days

Days to first Insemination after partition 60 days 180 days

Litter size (from 2nd birth on) 1 2(+)

Embryo implanting non-surgical surgical

Repeated flushing easy difficult

Seasonal oestrus no yes

Semen conservation easy difficult

Value of ofspring / cost of embryo transfer high low

Culling value of adults high low

The litter size in goats can be up to 4 naturally. By hormonal treatment,

without embryo transfer it is possible to increase litter size up to 4 for a large

number of the breeding does. Age at first birth, gestation length, length of

lactation and days to first Insemination, have a special importance for the

design of a nucleus. While a breeding decision in cattle is based either on

only 20% of the lactation data or by losing an additional year, when waiting

for the complete lactation, in goats a breeding decision is based on 90% of

the lactation length mainly due to seasonal oestrus and breeding.

Thus, juvenile breeding schemes in goats will not decrease the generation

length as much as in cattle, but it will have the same disadvantages of Iower

accuracy in breeding values of selected animals and higher inbreeding

(Nicholas and Smith, 1983; Ruane 1991a; Stranden et al., 1991)

Therefore only adult nucleus breeding Systems were studied.

As the generation interval in goats is different from cattle, it is not possible to

compare the results of annual increase in inbreeding or annual genetic

progress from cattle and goats completely.
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2.3 Breeding with Discrete versus with Overiapping Generations

There are two main differences between breeding schemes wrth discrete

and overiapping generations:

1. In a breeding scheme with overiapping generations there are

simultaneously elite animals, animals undergoing Performance tests and

young animals. In a scheme with discrete generations, there is only one

group at the time. In some studies (Ruane, 1991a, 1991b; Stranden et al.,

1991) elite animals are sometimes kept for further lactations to fill the stable

and to increase the accuracy of their estimated breeding value.

2. In schemes with overiapping generations elite animals may be

selected as parents more than once, whereas in schemes with discrete

generations elite animals are used for breeding only once.

The advantages of a system with overiapping generations over a System with

discrete generations are both geneticly and economicly:

Genetic advantages:

James (1987) showed that generation intervais can be optimised by selecting

for high Best Linear Unbiased Predicted (BLUP) breeding value estimates

across all ages. This is because BLUP breeding value estimates are corrected

for the genetic trend. Inferior animals should not be culled, because their

estimated breeding value may increase in further evaluations (James, 1987).

Economic advantages

From the economic point of view, a scheme with overiapping generations is

more similar to a continuous system. Facilities, such as stables, milking

equipment and embryo transfer facilities are used more offen per time

period. Thus, annual fixed costs will decrease if based on a per animal base

and therefore the system will be economically more viable.

Although generations will overiap under field conditions, economic

considerations dictate that inferior females will be discarded. Similarly, after

the evaluation of the first year-group of daughters, semen of inferior males will

not be stored for the relatively small probability that their genetic evaluation

will increase in the following years.
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Thus, in a realistic Simulation model overiapping generations should be

considered with the assumption that animals not selected for breeding will be

culled, even though this scheme yields less than the maximum genetic

progress per year.

2.4 Mating Systems

In addition to the hierarchical mating scheme applied in conventional

breeding schemes, for nucleus breeding other mating schemes have been

proposed. For cattle a factorial mating system was proposed (Wooliams,

1989; Stranden et al., 1991). In this case a cow is superovulated, inseminated

and flushed several times, but in each Insemination a different sire is used. The

same sire is used also on different dams. De Boer and van Arendonk (1994)

proposed even a hierarchical breeding scheme with mating several sires to

one dam.

In such a system sires are mated to different dams and dams are mated to

more than one sire. It was proposed that a dam should be superovulated

several times and inseminated each time with a different sire.

Embryo transfer in goats is performed surgically under total anesthesia

(Nowshari, 1990; Dietrich et al., 1992). As a consequence, factorial mating
would require repeated surgery. Repeated surgery under total anesthesia on

the same animal seems inapprpriate from both the physiological and ethical

Points of view.

Therefore factorial mating has not been considered in this study and all

simulations are performed with hierarchical mating. One sire is mated to

different dams, but one dam is mated to only one sire.



2JMfitbfl£iS 2Z

2.5 Random Numbers

2.5.1 Uncorrelated Random Numbers

Uniformly distributed random numbers )0.0 , 1.0( were generated on a VAX

6000 by the built in random number generator. The seed of the random

number generator was changed after each Simulation. The seed varied at

random from 9* 10** + 1 to lO^-l using a table of random numbers (Linder,

1969) Additionally, 1 to 999 random numbers were generated before the first

number of the random number generator was used. This number was derived

using again a table of random numbers (Linder, 1969)

Normally distributed random numbers were created by the following method

(Essl, 1987): If we call the normally distributed random number Z then

_ £X-n*0.5,

with x as the outcome values of a uniformly distributed random number and n

equal to the number chosen.

If the variance is set to unity and the mean to zero the formula can be

reduced to

z=ZX-n*0.5
Vn7i2

'

For each Z n=500 numbers were drawn.

All sorting procedures within the Simulation program were performed using

the quicksort algorithm (Wirth, 1983).

2.5.2 Generating Correlated Random Variables

In the model with two traits, two correlated variables a, b were needed .
To

generate the correlated values, the following technique was used:

The variable for the first trait, designated o, was divided into a common part

for both variables calied c and a special part for the specific variable calied

sa: a=C + Sa~N (0, aa)

The common part of o was set to c ~ N (0, Vcov(a.b))

and the specific part of awas set to sa - N (0, Vvar(a)-cov(a,b))
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The variable for the second trait, named b, was divided in the same manner:

b=c + sb-N(0, ab)

The common part of b was set to c ~ N (0, Vcov(a,b))

and the specific part of b was set to sD ~ N (0, Vvar(b) - cov(a, b))

Since this method to generate correlated random variables is not common, a

proof is added.

Proof:

1. We assume two normal distributed values a and b, such as: a ~N(0,a„) and

b-N(0,ab)

cov(a,b)
2. If those values are correlated, then r = -—-

3. If a is rewrfften as a = ac+as then expectations are:

E(a)=E(ac)+E(as)

var(a)=var(ac)+var(as) + 2cov(ac,as)

likewise, if b is rewritten as b = bc+bs

E(b)=E(bc)+E(bs)

var(b)=var(bc)+var(bs) + 2cov(bc,bs)

4. If c is introduced such that c=ac=bc

then E(a)=E(c )+E(as)

and var(a)=var(c)+var(as) + 2cov(c,aS)

both c and as- c and bs are uncorrelated, therefore:

var(a)=var(c)+var(as) and var(b)=var(c)+var(bS)
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5. var(a) can be rewritten as var(a) = cov(a,b) + (var(a)-cov(a,b))

var(b) can be rewritten as var(b) = cov(a,b) + (var(b)-cov(a,b))

so that:

a-N(0, a„) = c+aS;

with c~ N ( 0, Vcov(a.b)) and as ~ N (0, Vvar(a)-cov(a,b))

and

b~N(0,at) = c+bs,

with c~ N ( 0, Vcov(a.b)) and bs - N (0, Vvar(b)-cov(a,b))

q.e.d..
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2.6. Simulation Model

A closed nucleus for goats with overiapping generations was simulated
.

Stochastic simulations were performed for the improvement both of one and

of two correlated sex limited traits. In the model with two correlated traits, the

traits had different weight in a selection index. All animals were supposed to

have a genetic value. For females a lactation was simulated as described

below and selection was based on estimated breeding value. Mating was

hierarchical. Breeding values were estimated by best linear unbiased

prediction for an individual animal model (Henderson, 1973; Kennedy, 1989).

In year 0 an unselected base population was generated. Number of founders

generated was equal to the number of selected animals in later years. For

the Single trait model one trait such as milk yield was simulated; for the

multitrait model two correlated traits such as protein yield and fat yield were

simulated. Animals were selected for a Single trait or for a breeding index

respectively. In the breeding index the traits fat and protein were included

and given different weights. Due to seasonality of goats, there was only one

breeding season in fall and only one age group was bom per year in winter.

Lactation records were simulated as follows:

Yiklm=BVi|+PEi|+YS|m+ejk|m (1)

where Yj|<|m is the 150 day lactation record in trait I for parity k of animal I, BVj|,

is the additive genetic effect (breeding value) of animal i in trait I, PEj| is the

permanent environmental effect for animal i in trait I, YS|m is the effect of the

year m in trait I, and ej|<|m is a random residual associated with each record.

YS effects were generated by sampling from a normal distribution with mean

zero and variance ays2=0.1. Following Van VIeck et al. (1989), oys2 was not

considered to be part of the phenotypic variance.

Single trait model:

The True Genetic Value (GV) was simulated with E(GV) =0 and Var(GV) =

og02. Since the phenotypic variance ap2, was set to 1 the heritability was

equal to the genetic variance ago2. For each female a permanent

environment (PE) effect with E(PE) = 0 and Var(PE)=0.25 was added. PE

remained the same for a female over all lactations. It can be regarded as the

non additive genetic part of a trait and an eventual preferential treatment of

an animal.



2JYMi2d5 31

Multitrait model

The GV of the first trait was simulated with the same method as in the Single

trait model. The second trait was simulated with a2p2 =1.5625 and correlation

r=0.75 for the phenotypic and the genetic correlation. In both traits a

permanent environment effect of 0.25o2p was simulated and in both traits

equal heritabilities were simulated.

In the multitrait model the first trait was regarded as protein yield, the second

trait as fat yield.

In goats, Boichard et al. (1989) found a ratio op(fat yield) / ap(protein yield) of

1.3. Genetic and phenotypic correlations were higher than 0.8. Mocquot and

Ricordeau (1981) estimated the genetic correlation between fat yield and

protein yield as 0.64. Therefore the correlation of 0.75 seems appropriate. In

addition, if the correlation is chosen near unity, then the two traits are linked

in such way that breeding for both traits does not differ much from breeding

for a Single trait and the Simulation of two traits will not add more knowledge.

The GV of animals with known parents was derived using the following

relationship:

GVj = 0.5*(GVSj +GVdi) + mj (2)

where GVj represents the GV of animal i, GVSj and GVdj are the GV of the

sire and dam of animal i, and m, an additional factor accounting for

Mendelian sampling from the parental genomes. mj was generated by

random sampling from a normal distribution with mean = 0 and variance

(cr2mi) computed as follows (Bulmer, 1971):

a2mi = 1/2 o2a0 (1 - (Fsi + Fdi) / 2) (3)

where Fsj and F^i are the inbreeding coefficients of the sire and dam, as

defined by Wright (1922) ,
and a2an is the genetic variance in the base

population. This method does take into account the loss of genetic variance

due to selection (Bulmer, 1971).

As in other Simulation studies (Juga and Mäki Tanila, 1987; Toro and Silio, 1989;

Wooliams, 1989; Ruane and Thompson, 1990; Ruane 1991a, 1991b; Stranden

et al., 1991) of nucleus herds, no negative impacts of inbreeding beside the

reduction of genetic variance were taken into account. In order to make the

model simpler reduction of fertility, lethal effects, higher mortility or reduction

of recombination effects due to inbreeding were not considered.
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There are two strategies for Computing the inbreeding coefficents. Quaas

(1976) developed an algorithm that computes a Iower triangulär matrix L by

columns, defined such that LL' = A, where A is the füll additive relationship

matrix. The algorithm is simple to program and quick for small numbers of

animals but the number of elements in the matrix L increases quadratically by

the number of animals. Thus Computing time increases quadratically as well. If

new animals are added, old information cannot be used and the whole

matrix has to be recomputed.

A second method for Computing the inbreeding coefficients uses the path-

coefficient method (Wright, 1922). Tier (1989) was the first who published an

algorithm for this method. Although this algorithm is much faster for large

populations (Hofer, 1990; Casanova 1991; Meuwissen and Luo, 1992), the

inbreeding coefficients were computed using the algorithm of Quaas (1976),

because population size was relatively small and the algorithm is easy to

program in PASCAL. Another advantage of this algorithm is that given the

diagonal elements of L, A and A'1 may be easily computed.
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2.7. Breeding Value Estimation

2.7.1 Individual Animal Model / Best Linear Unbiased Prediction

The breeding values were estimated by BLUP IAM with a repeatability model

(Henderson, 1973; Henderson and Quaas, 1976; Dempfle, 1982; Henderson,

1984). The model of equation (1) was used. All effects were considered

random, except for the year-season effect.

For the estimation of breeding values of multiple traits, different methods

have been proposed.

1. The different traits can be evaluated separately. This method is widespread

and for example applied for breeding value estimation in Swiss brown cattle

(Casanova, 1991)

2. The different traits can be evaluated simultaneously by a multivariate BLUP,

incorporating the correlations between the traits (Henderson and Quaas,

1976). This method is applied in Germany for the lactation yield of dairy cattle

(Reents, 1992).

The advantage of the multitrait model is that all available Information, such

as genetic and phenotypic correlations, can be incorporated and therefore

the observations on a correlated trait can be used to estimate the breeding

value of a specific trait. A disadvantage of multivariate analysis is that it

requires knowledge of genetic and phenotypic correlations between traits. In

practice, only estimates are available and these are in general subject to

large sampling errors (Hayes and Hill, 1980). Small errors in estimates of

genetic and phenotypic correlations can markedly reduce accuracy of

selection for multiple traits (Sales and Hill, 1976; Henderson, 1984). In these

cases, Single trait analyses of each trait may lead to more accurate estimates

of breeding values. (ISchmitz, 1988)

With equal genetic and phenotypic correlations and records for all animals,

separate evaluations will lead to the same results as a multitrait model, but

Computing is faster (Lee, 1979).
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2.7.2. Method applied to solve Mixed Model Equations

To solve the mixed model equations directly it is necessary to invert the

coefficient matrix. Due to the large dimension of this matrix, inversion is

impossible. Therefore iterative methods are required.

An approach offen used for solving large mixed model equations is by setting

up the system of equations explicitly before iteration (Van VIeck and Dwyer,

1985). It is also possible to solve the mixed model equations without setting

the mixed model equations directly (Schaeffer and Kennedy, 1986; Misztal

and Gianda 1987).

For large data sets the method of not setting up the equations explicitly is

faster, because fewer input-output Operations and writing-to-disk Operations

are needed. In the case of small populations, the non-zero elements of the

coefficient matrix can be kept in the memory and dont have to be written on

disk. Therefore the approach of setting up the equations explicitly will be both

less time consuming, and easier to understand.

The method of iteration on data as proposed by Schaeffer and Kennedy

(1986) did originally not account for inbreeding, because Computing for

inbreeding was very time consuming. It can easily be done since rapid

algorithms to compute inbreeding coefficients are available (Tier and Graser,

1991; Meuwissen and Luo, 1992). In a big commercial cattle population

(Casanova et al., 1992) accounting for inbreeding had no significant

influence on the estimated breeding values. Due to the small effective

population size of closed nucleus herds inbreeding is much more important

and has to be taken into account, although estimates are not biased, if

inbreeding is neglected (Hofer, 1990).

To solve the mixed model equations of the simulated goat populations, the

system was set up explicitly. The advantages of this method are that:

1. It is easy to program and

2. Inbreeding coefficients are easily incorporated. As all data could be

stored in memory and no writing to a tape or disk was needed, the

explicit method was very fast.

In Year 12 the complete coefficient matrix had the dimension of 4620 x 4620,

or more than 21 *10° elements, whereas the number of non-zero elements

was always less then 40'000 or 0.19%.
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Different algorithms were proposed to solve a system of linear equations .

They have been discussed explicitly (Dempfle 1982, Golub and Van Loan,

1986; Mistzal and Gianola, 1987; Tier and Graser, 1991; Reents 1992). Therefore

they are not shown and discussed here.

To make programming as easy as possible, the iteration on the coefficient

matrix was performed with the Gauss-Seidel method for all effects.

2.7.3. Convergence Criterion

To decide when to stop the iterations, different convergence criteria have

been proposed (Mistzal and Gianola, 1987; Hofer 1990; Reents 1992).

In this study a new criterion was introduced. If breeding values are estimated

with BLUP, the sum of the breeding values of the base population with

unknown parents is equal to zero. This is a property of BLUP, i.e. a

consequence of the unbiasedness criterion (Henderson, 1973; Essl, 1987).

Therefore, a convergence criterion was postulated, that the sum of the

estimated breeding values of animals in year 0 had to be in the interval

(-0.05, +0.05).

Preliminary results indicated that the number of rounds of iterations had to be

increased for each additional year of data. The number of iterations was thus

fixed to iy=120*y-60' where i is the number of iterations and y is the year of

evaluation.
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In the Situation of two traits a selection index was constructed. Simulations

were performed for different weightings of the BV of the two traits:

1.) Kg protein / lactation and kg fat / lactation had equal weight in the

index.

2.) Kg protein / lactation had weight 10 and kg fat / lactation had weight 1 in

the index.

To simplify the text, the terms "protein" and "fat" were used also in case of low

heritability, although estimated heritabilities for these traits are usually higher

(Boichard etat, 1989; Ricordeau, 1991).

For 3 heritabilities, 3 different numbers of sires, 3 different numbers of dams, 3

different modeis (e. g.: the Single trait and two multitrait modeis), a total of 81

different simulations were performed. The number of replicates per

combination was 40 for the Single trait model and 20 for the multitrait model.

Two different mating schemes were tested in order to reduce the rate of

inbreeding and maximise genetic gain.

1. The best selected males were mated to the best selected females and the

worst selected males to the worst selected females, also calied assortative

mating.

2. The best selected males were mated to the worst selected females and

the worst selected males to the best selected females, also calied

disassortative mating.

To compare the effects of the different mating Systems on the rate of

inbreeding, for the Single trait model three different schemes were simulated

with the same heritability, but with different numbers of selected ancestors

per year either with assortative or disassortative mating. For the multitrait

modeis for two mating schemes all three heritabilities have been compared.
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2.9 Risk Theory

Previous studies showed that in closed nucleus herds not only the genetic

progress differs due to different selection intensities but also the the Variation

of the genetic progress (Ruane and Thompson, 1990; Ruane 1991a, 1991b;

Stranden etat, 1991)

2.9.1 Introduction to Risk Theory

In general, human decisions are not only based on the expected gain of a

potential action, but other factors as risk or utility will infiuence the decision.

Daniel Bernoulli proved, with the so calied "St. Petersburg Paradoxon" in 1738,

that maximisation of expected income can not be used as a general rule for

decision making, but that a utility function must be introduced (Bernoulli,

1738).

Bernoulli's principles were later adopted (von Neumann and Morgenstern,

1944; Luce and Raiffa 1957) and based on several axioms. These axioms are

considered conditions or assumptions of how people behave; they amount

to a general assumption that people are ceteris paribus rational and

consistent in choosing among risky alternatives. If the axioms hold, it follows

from the theorem that an optimal risky choice is based on the maximisation

of expected utility.

Different Systems of axioms have been proposed, the following presentation

of axioms is based on the work of Luce and Raiffa (1957), Holloway (1979),

Smidts (1990) and Laux (1991),

2.9.2. Axiom System of Risk Theory

The axioms are as follows

/. Ordering of Outcomes and Transitivity

A decision maker can order (establish preference or indifference) any two

outcomes and the ordering is transitive. For example, given any outcomes xi,

x2, x3- either xi > X2, xi < X2, or xi - X2.

And if X] > X2 and X2 > X3., then x] > X3.
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2. Reduction of Compound Uncertain Events (No tun ofgamble)

A decision maker is indifferent between a Compound uncertain event and

the simple uncertain event determined by reduction using Standard

probability manipulations. No tun ofgamble

3. Continuity

If outcome xi is preferred to outcome X2 and X2 to X3 then there is one and

only one probability p (0< p < 1), so that the decision maker is indifferent

between a certain outcome X2 and a choice offering xi or X3 with

probabilities p and 1-p respectively.

4. Substitutability

A decision maker is indifferent between any originally uncertain event and

one formed by substftuting, for some outcome x, an uncertain event, that he

has judged to be equivalent to the outcome x
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5. Monotoniclty

A decision maker will prefer a situation/lottery L] over a situation/lottery L2 if

and only if p]> p2, where event x] is preferred over X2 (xi > X2)

2.9.3 Expected Utility Model

In order to accept the postulate of Bernoulli it is useful to introduce an utility

function, so that the utility of gain and not the gain itself will be maximised.

This function will include also the risk of a certain action and not only the

expected gain.

In this context risk means uncertainty of an event and does not necessarily

have a negative meaning. An example for risky: a share on the stock

exchange is riskier than a State bond, but this risk can be in both directions,

i.e. the value of the share can increase or decrease more than the profit of

the State bond.

The behaviour of a decision maker can be divided into three categories:

risk preference,

risk indifference or

risk aversion.

Figure 8 shows the three possible types of behaviour.
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risk

risk

preference

risk

indifference

risk

aversion

risk risk

risk: risk of a action

Ex: expected income of an action

lines: line of indifference, moving on a line means equal preference.

Fiaure 8: Cateqories of possible behaviour in risk theorv

The expected utility model (EUM) is primarily a prescriptive tool. But EUM is also

used to describe risk attitudes. Thus EUM is a unique way to represent the

goals of a decision maker (Barry, 1984).

We can now introduce a variable Z as a variable we want to maximise.

An easy method to incorporate not only the expected income but also the

risk into the utility function, is to take into accountthe Standard deviation of

the expected income. The utility function will then be:

*(Z)= <D(n, o)

When such a utility function is derived, it must be in accordance to the

axioms mentioned above.

Two utility functions are discussed:
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1; Quadratic risk utility function:

U(Z) = a -Z2 + b*Z and

0(41, o)= b\i + a{\i* + o2) or reduced \i + X.(n2 + a2) (Laux, 1991)

For unknown distributions of Z a quadratic risk utility function is a necessary

and sufficient condition for the accordance of the Oi,o)-method with the

Bernoulli-principle (Laux, 1991).

An advantage of this utility function is, that only one factor X is required to

weight risk aversion or risk preference. Adding a constant to the utility

function or multiplying the utility function by a constant does not affect the

decision. Another advantage is, that the amount of risk aversion is

dependent on the mean and the Variation of the expected events.

The disadvantage of this utility function is, that the function may be used only

in a certain ränge of X. If X is out of this ränge the function will be in

contradiction to the Bernoulli-principle. Another disadvantage is, that risk

aversion increases with increasing income. This is not very likely.

For risk preference the admissible ränge is: 0 < X<

2*(n + 2o)

For risk aversion the admissible ränge is: 0 > X>

2*(ja + 2o)
(Laux, 1991; Goetz, 1991).

The curve of equal preference will appear as shown in Figure 9 and the rate

of its increase willbe

da2
„

b
— = -2u—

d\i a

2. Exponential risk utility function:

U(Z)= —X— and
eaZ

<D(n, o)= n+ K —
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This formula is consistent with the Bernoulli principle under the assumption of a

normal distribution of Z in all cases X<0 (Rudolph, 1979, Laux, 1991) or in all

cases of risk aversion.

The exponential risk utility function has certain advantages:

1. The function is not very complicated to handle.

2. Exponential functions are widespread in nature.

3. The function is consistent with the Bernoulli principle for all values of X

<0.

A possible disadvantage is, that with increasing gain and equal variance, the

weight of the risk will decrease.

The curve of equal preference will look as shown in figure 9 and the rate of it

will be

dr/

d\L

2

a

Lines of equal preference
for quadratic
risk utility function

Lines of equal preference
for exponential
risk utility function

Figure 9: Lines of equal preference in a u.-o2 diaaram with different risk-utilitv

functioas
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Most of the decision makers are risk averse. A good example is the market for

bull semen. Progeny tested bull's semen has a higher price than the semen of

young untested bulls, although the expected mean of the new generation of

bulls is higher than the mean of the proven bulls from the last generation. The

reason is that young bulls not only have a higher mean of expected breeding

values but, the Variation of their expected breeding values is much higher

than of progeny tested bulls. Therefore, when comparing different breeding

schemes, risk aversion has been assumed (Schneeberger et al., 1981a, 1981b;

Meuwissen 1991). Both authors used quadratic risk utility functions.

Schneeberger et al. (1981a, 1981b) compared this function to other risk utility

functions.

2.9.4. Models and Parameters Used

In order to rank the different mating schemes, quadratic and exponential risk

utility functions have been used.

It was assumed that the risk aversion factor was maximum and 50% of the

maximum admissible risk aversion factor. The same assumptions were made

by Meuwissen (1991).

For the quadratic risk utility function the maximum risk aversion factor a was

computed by solving the equation of maximum risk aversion

=— = (u + 2a) <=> a=l / (2n+4a)
d\L 2a

For Computing the maximum risk aversion factor, the highest values for n and

<r of all schemes within equal heritability were chosen (Meuwissen, 1991). In

this case the average slope of the risk utility function is 1.

Two risk aversion factors (RAF) were used for the calculations of the

exponential risk utility function:

1. RAF = 2 This value implies a slope of the equal value curves of 1,

which is similar to the average slope of the quadratic utility function with

maximum risk aversion.
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2. RAF = 7.06. This value was deduced from the following (hypothetical)

pricing of dairy sire semen.

BVinon repeatability oofBV Price ==> Utility

unprovensire 3 0.35 0.806 1

provensire 3 0.95 0.224 4

A dairy man will use semen of both sires only if the Utilities of the bulls

weighted by the prices of semen are equal, thus

!.M=ÄM1=> RAF = 7.06.
4 { 2 4 ) 2

This RAF is much higher than the value computed by Schneeberger et al.

(1981b). However their scale is in predicted difference in $ (PDS), while in this

case the scale is Op and is based on a comparison of actual market prices of

semen of tested and untested bulls.

In order to evaluate the utility of a multitrait breeding model, an index was

computed. In this index the different traits had equal weight as in the

selection index. The variances were derived accordingly.

(p-W. + F-wF)

Thus Index I was / =—^ r-^
(WP + WF)

_,,,_, , , (w2a2P + W2a2F + 2WpWFapaPcorr(P,F)
and Variance a, was o) = —-—-—-——. -—£—-— -

(WP + WFf

with I = Index; W = weight in the index, P = kg Protein; F = kg Fat

In a risk utility function absolute values of utility are not important, but the

ranking and relative differences are important.

Thus the values of the quadratic and the exponential risk utility function can

not be compared completely.

The meaningful comparisons are:

1. Comparison of ranking and

2. Comparison ofrelative differences between different schemes.
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3. Results

3.1 Mating Systems

3.1.1 Single-Trait Model

To decide whether to choose the assortative (both mates with highest BVs) or

the disassortative (mates with either high or low BV) mating system in the

single-trait model three different mating schemes were compared. The

mating Systems with 4,8, and 16 sires and 64 dams and a heritability of 0.25

were used.

Table 2 shows the mean values of genetic gain and their Standard deviations

for animals bom in year 12. Table 3 shows the mean values of rate of

inbreeding and thier Standard deviations. Number of runs was 20.

a single-trait with 64 dams and heritabilitv = 0.25

16

mean

sires-» 4

mating systemJ. mean sd

8

mean sd sd

assortative 1.62 0.26

disassortative 1.62 0.21

1.76 0.24

1.68 0.18

1.61

1.64

0.19

0.20

Table 3: Comparison of percentage of inbreeding after 12 years of breeding
for a single-trait wrth 64 dams and heritability = 0.25

sires-» 4 8 16

mating systemJ. mean sd mean sd mean sd

assortative 31.99 7.20 26.58 8.79 19.82 5.40

disassortative 26.37 5.30 21.41 5.57 12.92 2.24
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Comparison of different mating Systems for Single trait breeding
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Legend: GV= mean Genetic Value in phenotypic Standard deviations; Rol =

Rate of inbreeding in %, In = Inbreeding; a= assortative mating; d =

disassortative mating; 64/4= 64 dams/4 sires selected per year

Figure 10: Comparison of different mating svstems for the scheme with 64

dams. 4 sires and heritability = 0.25 over 12 years for the case of a single-trait
model

The hypothesis was that assortative mating will lead to a higher rate of

inbreeding than disassortative mating. Thus the three different mating Systems

were compared pairwise, by a one sided Student-Test. In all cases assortative

mating leads to a higher rate of inbreeding (p< 0.01) but genetic values

(p>0.05) could not be shown to be higher. By this comparison it could be

shown, that in the case of closed nuclei disassortative mating will lead to

Iower inbreeding without influence on the genetic progress. Therefore, the

single-trait simulations were performed with disassortative mating. The results

found by Lertch et al. (1994) are different, e. g. mosity equal genetic progress

/ increase in inbreeding for both, assortative and disassortative mating. Two

reasons may be differences in breeding scheme and Observation period.
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3.1.2 Multi-Trait Model

To decide whether to choose the assortative or the disassortative mating

system for the multi-trait model three different mating schemes were chosen

and compared. In this case the number of parents was fixed to 32 dams and

8 sires, and the heritabilities were 0.5,0.25 and 0.1. Weighting of the two traits

in a selection index was 1= 1
"

kg protein +1* kg fat.

Table 4: Comparison of mean breeding values for protein and fat yield for

animals bom in vear 12 for a multi-trait breeding scheme with 32 dams and 8

sires selected per year and different mating Systems

Heritability-» 0.5 0.25 0.1

mating systemi mean sd mean sd mean sd

assortative protein 3.08 0.28 1.76 0.31 0.83 0.15

disassortative protein 3.01 0.40 1.75 0.23 0.95 0.16

assortative fat 3.02 0.47 1.83 0.39 0.82 0.28

disassortative fat 3.02 0.66 1.75 0.38 0.95 0.19

Table 5: Percentage of inbreeding for animals born in year 12: a multi-trait

breeding scheme with 32 dams and 8 sires selected per vear and different

mcrting system?

Heritability-» 0.5 0.25 0.1

mating systemJ- mean sd mean sd mean sd

assortative 31.89 6.25 33.14 7.10 33.42 8.72

disassortative 24.19 4.66 28.79 4.37 29.11 8.01

The three different mating Systems were compared pairwise, by a one sided

Student-Test under the hypothesis that assortative mating will lead to higher
rotes of genetic progress and higher rates of inbreeding. In all cases

assortative mating leads to a higher rate of inbreeding (p< 0.05) but genetic

values (p=0.05) were not found to be higher. By this comparison it could be

shown, that in case of closed nuclei and breeding for two different traits

disassortive mating will lead to Iower inbreeding without reduction of the
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genetic progress, as shown in Figure 11. Therefore the multi-trait simulations

were performed wrth disassortative mating .

Comparison of different mating Systems for multi trait breeding

10 11

Year

gvf32/8a gv32/8d in 32/8a in32/8d

Legend: GVF= mean Genetic Value for fat In phenotypic Standard

deviations; Rol = Rate of inbreeding in %; In = Inbreeding; a = assortative

mating; d= disassortative mating; 32/8 = 32 dams / 8 sires selected per year

Figure 11: Comparison of different mating svstems for the scheme with 32

dams. 8 sires and heritabilitv = 0.5 over 12 years for the case of a multi-trait

model wrth weighting protein : fat 1:1



3. Results _5Q

3.2 Genetic Parameters

3.2.1 Single-Trait Model

Response to selection for a single-trait model over years 0 to 12 for three

different breeding schemes and a heritability of 0.25 is shown in Figure 12. The

schemes shown are: 128 dams /16 sires, 64 dams / 8 sires, 32 dams / 4 sires.

Number of simulations is 40.

Increase In Genetic Value

Year

128 dams / 16 sires 64 dams / 8 slres 32 dams / 4 sires

Legend GV= mean Genetic Value in phenotypic Standard deviations

Figure 12: Increase of genetic value over 12 years for three different selection

schemes

Due to the establishment of the nucleus and due to the first selection cycle,

genetic progress between year 0 and 3 is obviously not linear. Similar results

were found by Owen (1975). From year 3 to 12 the increase is nearly linear.
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Therefore both, arithmetic average of genetic progress per year, averaged

over animals bom in year 3 through animals bom in year 12, and genetic

progress for animals bom in year 12 will be presented for all breeding

schemes.

Despite the fact of inbreeding and reduction of genetic variance, annual

genetic gain decreased little between years 3 and 12. Regression of genetic

value and increase of inbreeding to year of birth was higher with only a linear

component compared to a model with a linear and quadratic component

for year of birth. Thus it was possible to compute the arithmetic increase in

inbreeding and genetic progress for animals born between year 3 and 12.

The results for the single-trait model are presented in four tables:

Table 6 genetic progress for animals bom in year 12.

Table 7 coefficients of inbreeding for animals born in year 12.

Table 8 annual genetic progress and rate of inbreeding for animals bom

between year 3 and year 12

Table 9 additive genetic variance for animals bom in year 12.

In all tables mentioned number of dams /sires is equal to the number of dams

/ sires selected per year from the adult population.

Number of runs of simulations was 40

Genetic progress decreases when number of dams is increased, but it

increases generally when number of sires is increased from 4 to 8. It decreases

in all cases, when number of sires is increased from 8 to 16. For all heritabilities

maximum genetic progress is achieved with the scheme of 32 dams and 8

sires selected per year and minimum genetic progress is achieved with 128

dams and 16 sires selected per year.
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Table 6: Mean breeding values and its Standard deviations (in italics) of

animals born after 12 vears of selection. as a function of heritabilitv and

selection scheme

Heritability Sires*

Dams* 32 64 128

0.5 4 2.88 0.44 2.75 0.36 2.36 0.32

8 2.91 0.37 2.67 0.35 2.43 0.23

16 2.90 0.36 2.64 0.26 2.31 0.22

Dams* 32 64 128

0.25 4 1.72 0.28 1.63 0.28 1.51 0.27

8 1.84 0.31 1.68 0.23 1.55 0.21

16 1.73 0.25 1.61 0.22 1.37 0.15

Dams* 32 64 128

0.1 4 0.83 0.24 0.79 0.21 0.75 0.22

8 0.91 0.17 0.80 0.18 0.74 0.16

16 0.90 0.17 0.80 0.16 0.71 0.13

It follows from Table 6 that in case of heritability of 0.5, the genetic progress in

a scheme of 128 dams and 16 sires selected per year amounted to 80% of

the genetic progress with 32 dams and 4 sires selected per year. For the same

comparison and h2=0.25, this ratio amounts to 79%; whereas in case of

h2=0.1 the scheme with the weakest selection attained 86% of the genetic

progress realised with 32 dams and 4 sires selected per year.

The differences in the Standard deviations and coefficients of Variation (C.V.)

of the genetic progress were much higher than the differences in the genetic

progress itself. In the scheme of h2=0.5 the Standard deviation with 32 dams

and 4 sires was twice as high as in the scheme with 128 dams and 16 sires. For

h2< 0.25 the proportion is slightly Iower. In the scheme with 32 dams /4 sires

and h2=0.5, the C.V. was 15%, whereas with 128 Dams /16 sires selected per

year C.V. was only 9.5% or 62% of the first C.V.. For the heritability of 0.25, the

highest C.V. is reached with 4 sires and 64 dams and amounts to 17.2%. The

lowest C.V. is reached in the scheme of 128 dams and 16 sires. The highest

C.V. of all breeding schemes in the single-trait model is reached with 32 dams

and 4 sires selected per year and h2=0.1. For this heritability the lowest C.V.

amounts to 18%.
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Table 7: Mean percentage of inbreeding and its Standard deviations (in

italics) for animals bom in year 12,

Heritability Sires*

Dams* 32 64 128

0.5 4 33.77 5.29 26.36 4.07 20.07 3.80

8 23.81 5.13 17.69 4.18 13.65 3.10

16 18.42 3.46 11.76 2.37 8.35 1.77

Dams* 32 64 128

0.25 4 33.83 6.14 25.66 5.41 21.46 3.62

8 28.94 6.32 20.04 4.79 14.47 3.31

16 20.45 4.64 13.35 2.18 8.52 1.86

Dams* 32 64 128

0.1 4 37.19 6.36 29.3 5.04 21.64 6.51

8 31.95 6.16 21.92 4.66 16.68 2.97

16 24.19 5.22 16.09 3.60 10.71 2.60

It is clear from Table 7 that in single-trait breeding for all heritabilities the

highest rate of inbreeding was achieved in a scheme of 32 dams and 4 sires.

The lowest value was reached consistently with 128 dams and 16 sires. In case

of heritability 0.1 the highest average of inbreeding was 347% of the lowest

coefficient of inbreeding. For h2=0.25 this value amount to 397% and for

h2=0.5 the coefficient of inbreeding for the scheme with 32 dams and 4 sires

is as much as 405% of the coefficient of inbreeding with 28 dams and 16 sires

selected per year.

If 16 sires are selected instead of 4, then the increase in inbreeding can be

cut by half for all heritabilities and 128 dams. The decrease in inbreeding with

increasing number of sires is higher then with increasing number of dams

selected. this is expected due to the fact that the coefficient of inbreeding
depends on the effective herdsize Ne, where (approximated for later years)

Ne =-jrj—+-7TT and Nm/f are the number of males and females selected per

generation (Falconer, 1984).

The variance of the average coefficients of inbreeding decreases with the

increasing number of selected parent animals and consequently with the
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decreased rate of inbreeding. But if instead of the absolute Standard

deviation the C.V. is taken into account, then C.V. for the case of h2=0.5 will

be lowest (16%) for 32 dams and 4 sires
,
and highest (24%) in a scheme of 64

dams and 16 sires selected per year. With decreased heritability average

coefficient of inbreeding as well as its Standard deviation will increase.

Table 8: Rate of selection response and % inbreeding (in italics) per vear

averaged over animals born in vear 3 through animals bom in year 12

Heritability Sires*

Dams* 32 64 128

0.5

0.25

0.1

4 0.230 3.00 0.225 2.44 0.192 1.94

8 0.237 2.14 0.223 1.68 0.197 1.33

16 0.236 1.73 0.221 1.15 0.194 0.84

Dams* 32 64 128

4 0.142 2.95 0.137 2.37 0.126 2.07

8 0.148 2.66 0.146 1.93 0.125 1.43

16 0.144 1.94 0.134 1.32 0.116 0.85

Dams* 32 64 128

4 0.067 3.19 0.063 2.62 0.065 2.08

8 0.075 2.96 0.068 2.10 0.062 1.66

16 0.077 2.38 0.070 1.62 0.061 1.11

If years 3 to 12 are considered the basis of the annual genetic progress (Table

8), then the breeding scheme with embryo transfer (32 dams) and strongest

selection (4 sires) displays less superiority to the other breeding schemes than

with the genetic values for animals born in year 12 as basis. In the case of 128

dams and 16 sires at h2=0.5 85 % of the progress achieved with embryo

transfer and strongest selection on the sire path could be attained. For

h2=0,25 and 0.1 the values were 81% and 91% respectively. The superiority of

the scheme with MOET and 4 sires versus the scheme with no further

treatment of the dams and 16 sires amounted to 10% to 23% dependent on
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the heritability. This is valid only under the assumption that 8 embryos could

be transferred successfully from every selected dam and no variance in

number of embryos occurs.

The average genetic gain for animals born between the years 3 and 12

usually deviates little from the average value that can be calculated from

Table 6. It is however, remarkable, that the values in Table 7 for the schemes

with MOET and less than 16 sires were Iower than the corresponding values of

the Table 6 divided by 12. All the schemes with 128 dams as well as the ones

with 64 dams and at least 8 sires in Table 8 did, on the other hand, exhibit

higher values than the average values derived from Table 6. This shows that

with an increased number of parent animals selected per year, the breeding

gain was initially relatively smaller, but the annual gain was more lasting, even

though analysis of variance for a linear regressor on year of birth only, had

higher R2 than with only a quadratic regressor on year of birth.

When comparing the rate of inbreeding in Table 8 with the one that can be

derived from Table 6, it is striking, that the annual rate of inbreeding in any

case and for all heritabilities between the years 3 and 12 is higher than that

derived from Table 6. This difference amounts to 0.20% annual increase in

inbreeding in case of heritability 0.5. In case of heritability 0.25 this value is

0.22% and 0.26% for heritability 0.1%. Figure 13 illustrates this difference for the

example of 64 dams and 4 sires selected with h2=0.5.
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Figure 13: Rate of inbreeding over 12 years for 64 dams and 4 sires selected

and h2=Q,5

The reason is that there is never inbreeding in the first generation of a nucleus.

The average rate of inbreeding for the years 1 to 3 never exceeds the one in

the following years as shown in Figure 4 or, in other terms, there is no gap in

inbreeding between year 2 and 3 as it exists for genetic progress (Figure 12).
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Table 9: Genetic variance for animals bom in year 12 as Percent of the

original genetic variance in the base Population

Heritability' Sires* Mean sd Mean sd Mean sd

Dams* 32 64 128

0.5 4 44.5 9.6 51.6 7.5 55.0 8.1

8 56.4 8.9 61.9 10.4 65.0 5.6

16 58.3 7.4 67.1 8.0 66.8 6.3

Dams* 32 64 128

0.25 4 46.7 6.2 53.6 12.9 62.9 8.1

8 50.8 8.7 58.7 8.9 67.0 8.8

16 65.0 12.0 70.3 8.1 72.3 9.4

Dams* 32 64 128

0.1 4 45.2 9.6 54.6 9.9 62.9 10.1

8 56.1 10.5 64.8 9.0 67.1 12.2

16 65.4 9.5 70.9 10.6 74.6 10.6

The loss in genetic variance is higher with increasing heritability and with

smaller number of selected parents. In a scheme with 32 dams and 4 sires,

averaged over all heritabilities, loss of genetic variance was 55% of the

genetic variance in year 0. In the case of 64 dams and 8 sires selected, loss of

genetic variance was 38% of the original genetic variance. When 128 dams

and 16 sires were selected, the loss of genetic variance was only 29%.

Rgure 14 shows for h2=0.5 that this loss does not merely depend in a linear

way on the number of selected parents.
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32

Dams

Sires

Figure 14 Loss of genetic variance in a single-trait model in case of h2-=0 5

Analysis of variance were performed with heritability and coefficient of

Inbreeding as factors Also the heritability had a significant (p<0 05) influence

on the loss of genetic variance While in case of h2=0 5 the average genetic

variance amounts to 58 2% of the original variance as much as 62 5% of the

original variance are preserved with h2=0 25 and 63 4% with h2=0 1
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3.2.2 Multi-Trait Model

3.2.2.1 Weighting of the Traits 1:1

The two traits are regarded as protein yield and fat yield.

The results are presented in 5 Tables:

Table 10: Genetic progress in protein for animals bom in year 12

Table 11: Genetic progress in fat for animals bom in year 12

Table 12: Inbreeding for animals bom in year 12

Table 13: Average annual genetic gain for protein and fat for animals bom

in year 3 through 12

Table 14: Genetic variance for animals bom in year 12

Table 10: Mean breeding values for protein vield and its Standard deviation

(in italics) of animals bom in year 12. as a function of heritabilitv and selection

scheme.

Heritability Sires*

Dams* 32 64 128

0.5 4 2.82 0.49 2.58 0.44 2.18 0.36

8 2.79 0.39 2.55 0.31 2.22 0.26

16 2.74 0.22 2.51 0.24 2.08 0.27

Dams* 32 64 128

0.25 4 1.63 0.31 1.59 0.32 1.39 0.22

8 1.64 0.29 1.53 0.32 1.42 0.20

16 1.63 0.24 1.52 0.21 1.36 0.21

Dams* 32 64 128

0.1 4 0.80 0.23 0.74 0.20 0.76 0.18

8 0.74 0.20 0.77 0.19 0.63 0.10

16 0.81 0.25 0.69 0.16 0.70 0.07

As in the single-trait model, genetic progress increased with decreasing

number of dams, but not when number of sires was reduced from 8 to 4 sires
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(except for h2=0.1). It follows from Table 10, that in case of h2=0.5 the genetic

progress achieved with 128 dams and 16 sires selected per year was 75% of

the progress that can be reached in a scheme of 32 dams and 4 sires. If the

initially assumed heritability is 0.25, then 83% of the maximum gain is being

reached and in case of h2=0.1 as much as 88%

Those values do not deviate by much from the values in the single-trait

model, shown in Table 6. If, instead of breeding only for protein, fat and

protein are weighted equally in the index, the genetic progress for the trait

protein will decrease. The difference is significant for all heritabilities, but the

error type I increases with iower heritability. The error type I was smaller than

0.0001 for h2=0.5 and for h2=0.1 it amounts to p= 0.014, in spite of the fact,

that the relative difference with h2=0.1 is higher than with h2ä0.25. When

h2=0.1 the gain is 9% higher in the single-trait model than in the multi-trait

model and the trait that initially had equal phenotypic variance. In case of

h2=0.5 this difference amounts to as little as 7%.

With increasing number of parents the Standard deviation decreases more

than the genetic progress does. In the scheme of 128 dams and 16 sires

selected per year the Standard deviation amounts to a maximum of 68% of

the one with 32 dams and 4 sires. Therefore also the C.V. decreases but not

as much.

Unlike the Standard deviation that decreases with Iower heritability and Iower

genetic progress, the C.V. increases with Iower heritability from 13% in case of

h2=0.5 and 17% when h2=0.25 up to an average C.V. of 24% for h2=0.1.
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Table 11: Mean aenetic proaress in fat of animals bom after 12 vears of

selection. Standard deviations are aiven in Italics

Heritability Sires*

Dams* 32 64 128

0.5 4 3.53 0.44 3.31 0.42 2.85 0.42

8 3.45 0.44 3.27 0.51 2.93 0.38

16 3.52 0.33 3.17 0.41 2.79 0.42

Dams* 32 64 128

0.25 4 2.25 0.51 2.01 0.49 1.77 0.38

8 2.06 0.41 1.94 0.40 1.77 0.26

16 2.09 0.27 1.94 0.21 1.66 0.24

Dams* 32 64 128

0.1 4 1.07 0.25 1.02 0.27 0.94 0.23

8 1.00 0.21 0.96 0.23 0.91 0.18

16 1.04 0.26 0.83 0.17 0.90 0.12

It follows from Table 11 that the genetic progress in trait fat is higher than in

protein (Table 10). This is due to the higher genetic variance in the trait fat. If

a2p of the base population in fat was 1.5625 of a2p in protein, then the genetic

progress after 12 years with identical weights for protein and fat in the

breeding index will show a relation of 1:1.25 for protein : fat. This corresponds

to the original relation of the ap and ag. A Student-test did not show a

significant (p=0.1) deviation from this ratio for any heritability. The genetic

progress in fat is on average 20% higher than in the single-trait model with

ap=l. In this trait, too, genetic progress increased with decreased number of

dams but not always with decreased number of sires.

The Standard deviations of the genetic progress in fat are higher than in

protein. This is caused by the originally higher variance in fat. If, instead of the

Standard deviation the C.V. is taken as the basis for comparison, then the

average C.V. of the nine schemes with heritability 0.5 is 13.28%. This is only

0.09% higher than the corresponding average C.V. of the trait protein. In

case of heritability 0.25 this difference of averages amounts to 1.53%. The

biggest difference was reached with -1.90% in case of heritability 0.1 .An

analysis of variance, however, did not show a significant difference in C.V.

between the various heritabilities.
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Table 12: Mean percent inbreedina and its Standard deviation (in italics) for

animals bom in year 12.

Heritability Sires*

Dams* 32 64 128

0.5 4 33.56 6.68 27.55 5.47 19.71 5.26

8 24.52 4.18 19.52 3.76 12.82 2.50

16 17.86 3.28 13.11 3.18 8.07 2.01

Dams* 32 64 128

0.25 4 37.78 7.32 27.43 5.71 20.08 3.42

8 28.40 6.82 21.22 3.56 13.82 3.49

16 20.43 4.25 14.75 3.35 9.98 2.23

Dams* 32 64 128

0.1 4 37.32 5.94 29.94 6.52 24.98 5.86

8 30.10 7.09 22.25 4.52 15.95 3.68

16 23.43 8.14 16.66 3.76 11.35 2.47

In can be seen from Table 12 that in case of breeding for two traits with equal

weighting, the highest coefficient of inbreeding occurred in a scheme of 32

dams and 4 sires. The lowest coefficients of inbreeding constantly occurred in

a scheme of 128 dams and 16 sires selected per year. In case of heritability

0.1 the highest reached average coefficient of inbreeding is 328% of the

scheme with the lowest coefficient of inbreeding. For h2=0.25 it amounts to

378% and for h2=0.5 coefficient of inbreeding with 32 dams and 16 sires

selected was as much as 415% of the average coefficient of inbreeding for

the scheme with 128 dams and 16 sires. Even those values do not fully

correspond to the values of the single-trait model, h2=0.1 did exhibit the

lowest and h2=0.5 the highest relative difference between the schemes with

the lowest and the highest coefficient of inbreeding. Also in the case of

breeding for two traits the coefficient of inbreeding increased with Iower

heritability. In case of h2=0.5 the average coefficient of inbreeding for

animals bom in year 12 was 19.63%. When h2=0.25 the average over the

nine schemes was 21.54% and with h2=0.1 this value was as high as 23.55%.

An analysis of variance with the two factors : breeding scheme and
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heritability showed significance (p<0.05) for the factor heritability as factor

influencing the coefficient of inbreeding.

When comparing the single-trait model with multi-trait model where the traits

were weighted 1:1, no significant difference could be found for the

coefficient of inbreeding. Even though the means of the coefficients of

inbreeding were slightly higher in the multi-trait model. One can conclude,

that in the analysed cases the breeding model did not have a significant

influence on the coefficient of inbreeding, but that the rate of inbreeding

depends only on the number of selected sires and dams per year and the

heritability of the trait. This might be due to the high correlation of the two

traits and might be different if correlations is Iower or even negative.

The variance of the coefficients of inbreeding decrease with increasing

number of selected parents, in other words, with decreasing coefficients of

inbreeding. If instead of the Standard deviation the C.V. is taken into

consideration, then, wrth h2=0.5 the C.V. will be lowest 16% in a scheme of 32

dams and 4 sires and highest (24%) in a scheme of 64 dams and 16 sires.

Table 13: Response to selection per year in phenotypic Standard deviations

for protein and fat (in italics). averaged over animals bom in vear 3 trough
animals bom in year 12

Heritability Sires* Protein Fat Protein Fat Protein Fat

0.5 Dams* 32 32 64 64 128 128

4 0.229 0.287 0.204 0.265 0.185 0.245

8 0.238 0.286 0.211 0.270 0.174 0.230

16 0.230 0.291 0.215 0.271 0.173 0.229

0.25 Dams* 32 32 64 64 128 128

4 0.137 0.187 0.132 0.166 0.121 0.157

8 0.136 0.170 0.132 0.161 0.119 0.153

16 0.134 0.171 0.132 0.169 0.118 0.146

0.1 Dams* 32 32 64 64 128 128

4 0.060 0.082 0.061 0.079 0.062 0.073

8 0.060 0.081 0.067 0.082 0.055 0.080

16 0.071 0.085 0.061 0.076 0.060 0.077
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If the annual gain between years 3 and 12 is taken into consideration (Table

12), then the superiority of the breeding scheme with 32 dams and 4 sires is

smaller than for the values achieved after 12 years of breeding. In case of

heritability 0.1 the same annual genetic progress is achieved in protein in a

breeding scheme of 128 dams and 16 sires as in a breeding scheme of 32

dams and 4 sires. The reason for higher genetic progress in year 12 for the

scheme with 32 dams and 4 sires selected is therefore caused by the

gap/increase between the year 2 and 3.

This effect of the gap between year 2 and year 3 is shown in Figure 15.
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Figure 15: Genetic progress between the years 0 and 12. weighting protein :

fat 1:1 and h2= 0.1

It is clear from this igure, that modeis with few parents selected annually, are

superior, especially in the first round of selection. However, the curves for the

rest of the various traits in the different modeis are more or less parallel

When comparing the genetic progress in year 12 of both traits there is a

relation of 1:1.25 for all heritabilities. The relation of protein to fat in Table 13

was different from the relation of protein to fat derived from Tables 11 and 12,

and amounted to an average of 1:1.28. A Student-test shows that this value

deviates significantly from 1.25 (p<0.05).



3. Results .65

Table 14: Genetic variance of the two traits for animals bom in year 12 as

percent of the original genetic variance in the two traits.

Heritability Sires* Protein Fat Protein Fat Protein

Dams* 32 32 64 64 128

Fat

128

0.5 4 50.3 50.2 53.3 52.2 58.9 59.2

8 58.5 61.4 67.4 63.7 66.0 67.0

16 64.8 60.3 66.5 67.0 68.6 67.7

Dams* 32 32 64 64 128 128

0.25 4 46.6 43.6 55.5 56.1 59.3 60.8

8 54.3 58.1 59.7 60.8 73.0 69.6

16 65.6 60.9 70.7 69.3 72.9 73.1

Dams* 32 32 64 64 128 128

0.1 4 48.7 53.8 52.9 54.5 57.8 60.3

8 58.0 59.5 64.7 61.1 67.5 68.4

16 65.0 67.0 69.4 69.9 75.7 76.0

In order to compute the percentages presented in Table 14, the genetic

variances for fat were divided by 1.5625. Thiswas done because op and

og for fat were 1.25 of the corresponding values for protein. Further on values

were divided by the expectated value for the heritability in year 0 of the

corresponding scheme.

As in the single-trait model genetic variance decreased with fewer animals

selected as parents. With h2=0.5 average genetic variance in year 12 for

protein was 61.6% and for fat 60.9% of the original genetic variance. With

h2=0.25
,
61.9% of the original genetic variance in protein and 61.4% of the

original genetic variance in fat. The corresponding values for h2=0.1 are

62.2% for protein and 63.4% for fat. By a analysis of variance no effect of the

heritability on the loss of genetic variance could be demonstrated. Highest

loss in genetic variance occurs in the scheme with 32 dams and 4 sires in the

case of h2=0.25. For this case loss of genetic variance was 53.5% of the

original genetic variance in protein and 56.5% of the original genetic

variance in fat. In case of heritability 0.5 the corresponding values for the

same scheme are 49.7% loss in protein and 49.8% loss in fat. The lowest loss in
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genetic variance occurred in the schemes with 128 dams and 16 sires. With

h2=0.5 loss of genetic variance for this scheme is only 31.4% in protein and

32.3% in fat.

In case of weighting the traits protein and fat 1:1, neither within the

heritabilities, nor over all schemes, a significant difference between the

percentage of remaining genetic variance in protein and fat could be

found. The percentages of remaining genetic variance for protein and fat

are higher as in the single-trait model for h2 >0.25. By pairwise comparison, a

significant difference of remaining genetic variance between the single-trait

model and the multi-trait model could be shown only for protein in case of

h2=0.5.
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3.2.2.2. Weighting of the Traits 10:1

The two traits are regarded as protein yield and fat yield. Number of dams or

sires in the Tables stand for number of dams and sires selected per year.

The results are presented in 5 Tables:

Table 15

Table 16

Table 17

Table 18

Table 19:

Genetic progress in protein for animals bom in year 12

Genetic progress in fat for animals bom in year 12

Inbreeding for animals bom in year 12

Average annual genetic gain for protein and fat for animals bom

in year 3 through 12

Reduction of genetic variance for animals bom in year 12

Table 15: Mean breeding values for protein and its Standard deviations (in

italics) of animals bom after 12 years of selection. as a function of heritability

qnd selection scheme,

Heritability Sires*

Dams* 32 64 128

0.5 4 2.81 0.32 2.71 0.46 2.22 0.42

8 3.00 0.41 2.62 0.27 2.44 0.29

16 2.85 0.28 2.62 0.19 2.30 0.20

Dams* 32 64 128

0.25 4 1.83 0.33 1.72 0.29 1.61 0.28

8 1.75 0.23 1.67 0.26 1.40 0.28

16 1.74 0.21 1.62 0.15 1.42 0.16

Dams* 32 64 128

0.1 4 0.85 0.23 0.87 0.16 0.63 0.20

8 0.95 0.16 0.87 0.17 0.76 0.15

16 0.85 0.20 0.81 0.14 0.67 0.14

As in the previous modeis genetic progress increased with Iower number of

dams selected, but not in all cases when number of sires decreased from 8 to

4. Like in the previously mentioned modeis heritability was the determining
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factor of the genetic progress and not the number of parents selected. It

follows from Table 15, that in case of h2=0.5 the genetic progress in a scheme

with 128 dams and 16 sires selected amounted to 77% of the maximum

progress attainable. Unlike the previous schemes the maximum value at

h2=0.5 is achieved with a scheme of 32 dams and 8 sires selected and not

with 32 dams and 4 sires per year selected, but the difference was not

significant with a Student-test (p= 0.10).

If the initial heritability is 0.25, then 78% of the maximum gain is being

achieved. At h2=0.1 this value amounts to 86%. Those values do not deviate

by much from the ones found in the single-trait model nor from the values in

the multi-trait model with weight 1:1 of the two traits. Thus in all breeding

modeis the relative superiority of a strict selection decreases with Iower

heritability.

For heritability 0.5 in the weighting of 10:1 an average gain for protein is

achieved, which is by 0.013 op Iower than when breeding only for protein.

When comparing Table 6 to Table 15, in the case of h2=0.25, the average in

Table 15 (two trait model) is 0.02 lap higher than in Table 6 (single-trait model),

whereas in case of h2=0.1 the values lies at 0.013. ap. Neither in the case of

comparing all the schemes, nor within the heritabilities a significant difference

of genetic progress in protein could be found by a Student-Test (p=0.05). This

means in our example that there is no significant difference between

breeding only for protein or breeding for protein and fat in a relationship of

10:1

A significant difference, however, appeared when protein and fat were

weighted equally. With h2=0.5 and weighting of traits protein :fat = 10:1, the

genetic progress after 12 years in protein exceeded the one achieved with

equal weighting by 0.131 cp, which amounts to 5% of the genetic progress in

protein achievable with equal weighting of fat and protein. For h2=0.25 this

difference was 0.116ap, or 7.7% of the genetic progress in protein with the

model with equal weighting. When heritability was set to 0.1 this difference

amounts to 0.069 ap or 9.3%. All those differences are highly significant

(p<0.001).

If h2< 0.25 the Standard deviations of the genetic progress decreases with

increased number of selected parents. When h2=0.5 this is only partially true.
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Table 16: Mean breeding values for fat and its Standard deviations (in italics)

of animals bom after 12 vears of selection. as a function of heritabilitv and

selection scheme.

Heritability Sires*

Dams* 32 64 128

0.5 4 2.82 0.32 2.55 0.62 2.26 0.60

8 3.02 0.67 2.74 0.46 2.51 0.34

16 2.88 0.41 2.65 0.36 2.28 0.36

Dams* 32 64 128

0.25 4 1.91 0.57 1.52 0.44 1.66 0.34

8 1.75 0.38 1.69 0.44 1.31 0.35

16 1.82 0.39 1.66 0.25 1.45 0.19

Dams* 32 64 128

0.1 4 0.78 0.33 0.92 0.31 0.65 0.31

8 0.95 0.19 0.90 0.27 0.72 0.15

16 0.87 0.29 0.84 0.17 0.65 0.20

As shown in all the other tables concernig genetic progress, it is clear from

Table 16 too, that heritability is the major determining factor of genetic

progress. When h2=0.25,62% (1.64op) of the genetic level of h2=0.5 (2.63 op)
are achieved. When h2=0.1 a genetic progress equal to 30.7% of the genetic

progress with h2=0.5 is achieved.

If 128 dams and 16 sires are selected annually, the genetic progress wrth

h2=0.5 amounts to 74% of the gain attainable with 32 dams and 4 sires

selected. If h2=0.25, 83% of the maximum progress are attained with 128

dams and 16 sires. For h2=0.1, this value lies at 86%. It is striking how the

relative superiority of a strict selection (32 dams/4 sires vs. 128 dams /16 sires)

decreases with Iower heritability in all modeis and in all traits, independent of

the weighting. This can be explained by higher coefficients of inbreeding in

case of Iower heritability or by the increased importance of pedigree

Information in case of Iower heritability.

When compared to the model wheighting fat and protein equally, the model

wrth weight protein : fat of 10:1 will show a Iower progress for traft fat in all
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examples, as expected. When h2=0.5 this difference amounts for animals

bom in year 12 to 0.57op or 21.6% of the values in the above mentioned

example (Table 16). In case of h2=0.25 this difference amounts to 0.30<rp or

18% of the values reached with an index protein : fat of 10:1. For the case

with h2=0.1 those values are 0.16op or 19.2% of the value in Table 16. The

genetic progress in fat decreased by an average of 17% when the traits fat

and protein were weighted with 1:10 instead of 1:1. It follows from Table 16 in

context with Table 15 that when protein and fat are weighted with 10:1,

protein and fat will have the same genetic progress. A Student-test of all the

values as well as within the heritabilities did not show, that the respective

difference of the genetic values of fat and protein diverged significantly from

0(p=0.1).

Table 17: Inbreeding for animals born in vear 12 in Percent (Standard

deviations in italics)

Heritability Sires*

Dams* 32 64 128

0.5 4 34.36 5.34 26.18 4.42 18.82 4.24

8 24.19 4.66 18.47 4.50 13.13 3.11

16 18.73 3.49 12.75 2.30 8.14 2.06

Dams* 32 64 128

0.25 4 35.60 6.23 28.02 6.06 21.14 5.07

8 28.79 4.37 22.16 3.08 14.23 3.64

16 21.82 4.45 12.99 2.73 9.52 2.38

Dams* 32 64 128

0.1 4 36.65 5.73 29.91 4.69 20.16 5.29

8 29.11 8.01 23.54 5.97 17.50 3.14

16 24.42 6.08 15.33 3.40 10.73 3.50

As in the other two modeis, the coefficient of inbreeding increases with

decreasing number of parents. The lowest value consistently appears with

128 dams and 16 sires. In case of heritability 0.1 the highest reached

coefficient of inbreeding with 32 dams and 4 sires amounted to 342% of the
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lowest coefficient of inbreeding. When h2=0.25 it amounts to 373%, and in

case of h2=0.5 to as much as 422%. It is striking that this relation atways

increases with higher heritability, independent of the breeding model. This

shows, that the number of parents selected is more significant for the rate of

inbreeding when the heritability is high than in case of low heritability. On

average a coefficient of inbreeding of 19.42% is reached when h2=0.5. This is

0.80% less than wrth equal weighting of fat and protein. This difference is,

however not significant in a Student-test (p=0.1). Compared to the single-trait
model the coefficient of inbreeding is on average 0.13% higher, which does

not amount to a significant difference either (p=0.1). In case of the other

heritabilities, too, the various breeding modeis did not lead to significant

change (p=0.1) in the coefficient of inbreeding. But as in the other modeis

the coefficient of inbreeding increased significantly with decreasing

heritability. In an analysis of variance with the fixed components of breeding
schemes (8 degrees of freedom) and heritability (2 degrees of freedom) the

factor breeding scheme showed an F-Value of 203.38 and for the heritability
the F-Value amounted to 30.38. The R2 amounts to 0.99, which means, that

99% of the variance can be explained by these two components. Thus it can

be concluded that there are no additional major components determining
the rate of inbreeding besides the breeding scheme (number of parents

selected per year) and the heritability as the side factor.

The variance of the coefficients of inbreeding decreased with increasing
number of parents, but not for all cases. If, instead of the variance the C.V. is

taken into consideration, then C.V. of coefficients of inbreeding will increase

with increasing number of parents.
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Table 18: Averaae annual aenetic aain for Drotein and fat (in italics)

averaged for animals bom in vear 3 throuah vear 12

Heritability Sires*

Dams* 32 64 128

0.5 4 0.236 0.229 0.220 0.799 0.193 0.799

8 0.250 0.252 0.211 0.226 0.207 0.277

16 0.237 0.239 0.221 0.228 0.192 0.797

Dams* 32 64 128

0.25 4 0.151 0.153 0.143 0.128 0.138 0.746

8 0.146 0.749 0.138 0.747 0.118 0.707

16 0.149 0.156 0.135 0.742 0.125 0.723

Dams* 32 64 128

0.1 4 0.069 0.061 0.069 0.070 0.053 0.056

8 0.080 0.085 0.073 0.075 0.066 0.063

16 0.074 0.078 0.067 0.069 0.060 0.056

When the traits protein and fat are weighted 10:1 in a selection index, the

annual genetic progress increases in all cases with a Iower number of dams

selected. In 5 out of 9 cases the annual genetic progress increases when

instead of 4 sires, 8 sires are selected.

With the annual genetic progress between the years 3 and 12 as basis, as in

Table 18, schemes with 32 dams and 4 sires will always be superior to a

scheme of 128 dams and 16 sires. This is different to the model where protein

and fat are weighted equally in the index. When h2=0.5 and with 128 dams

and 16 sires 77% of the maximum annual genetic progress in protein and 76%

of the maximum annual genetic progress in fat are achieved. With h2=0.25

the corresponding value for protein is 83% and for fat 80%. In the case with

h2=0.1 and with 128 dams and 16 sires selected per year, 75% of the genetic

progress in protein and 67% of the annual genetic progress in fat of the

model with 32 dams and 8 sires is achieved.

With heritability 0.25 an average of 63% of the gain achieved with h2=0.5 is

reached in both traits. For heritability of 0.1 this value amounts to 31 % for both

traits. Even if the individual relations of the genetic progress do not always

amount to 1.0, i can neither be shown through a Student-test over all
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schemes nor within the heritabilities, that this relation deviates significantly

from 1. This means, that by weighting protein : fat in a ratio of 10:1 annual

genetic progress in kilogram will be equal for both traits

When protein and fat are weighted 10:1, in comparison to the model with

equal weight for both traits, the average genetic progress in protein

increases by 6.8% and decreases by 16% for fat. Those differences are

significant within all heritabilities (p<0.05). The values in Table 18 lie in 15 out of

27 examples below the values reached when breeding only for protein

(Table 8). The differences are, however, minor. This shows that the annual

genetic progress for trait protein was equal whether breeding was for protein

only or for protein and fat with a ratio of 10:1 in a selection index. In addition

we can conclude, that if equal progress measured in kilogram or % content

for fat and protein are the goal, measuring of fat can be omitted and

selection can be performed for protein only, due to the high genetic

correlation and the higher variance of fat than of protein.

Table 19: Genetic variance of the two traits for animals bom in year 12 as

percent of the original phenotypic variance in the two traits. Values of trait 2:

Fat are given in italics

Heritability Sires* Protein Fat Protein Fat Protein Fat

Dams* 32 32 64 64 128 128

0.5 4 46.9 49.1 52.2 56.9 57.3 63.2

8 54.4 59.8 58.8 66.3 63.4 67.5

16 60.8 66.0 65.2 71.1 64.4 73.1

Dams* 32 64 64 64 128 128

0.25 4 48.5 48.7 53.6 56.6 60.1 67.7

8 51.8 60.1 59.6 64.1 64.3 70.9

16 61.6 66.0 67.5 70.6 70.4 73.6

Dams* 32 32 64 64 128 128

0.1 4 49.3 48.6 52.3 53.5 60.2 60.8

8 62.6 54.2 61.9 66.7 69.1 69.9

16 61.2 70.3 70.9 72.3 73.8 77.0
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As in the previous modeis loss of genetic Variation was higher with higher

heritability, except for one case.

With h2=0.1 loss of genetic variance was 37.63% for protein and 36.13% for fat.

For h2=0.25, the average loss in genetic variance compared to the expected

genetic variance in year 0, was 40.28% in protein and 35.8% in fat. With

heritability of 0.5 the loss of genetic variance for protein increased to as much

as 41.8% and in fat to as much as 36.3%.

As in the previous modeis loss of genetic variance decreased with increased

number of parent animals selected per year.

In 27 out of 29 comparisons, relative loss of genetic variance was higher in

protein than in fat, when protein and fat are weighted in a ratio of 10:1.

Those differences are significant both, when a Student-test is performed with

comparisons over all the schemes as well as within the heritabilities.

The loss in genetic variance for fat is also smaller in this model compared to

the model with equal weighting of fat and protein in the selection index. On

the other hand, by comparing all 29 schemes, loss in genetic variance for

protein is significantly higher (p<0.05), when protein and fat are weighted in a

index in a ratio of 10:1 compared with equal weighting of both traits. This

difference amounts in average to 1.5%. No difference could be found in loss

of genetic variance for protein when selection was performed for protein

only or for protein and fat with a ratio of 10:1 in a selection index.

The relative loss of genetic variance between schemes with 128 dams and 16

sires compared to the schemes with 32 dams and 16 sires are shown in Table

19.

Table 20: Ratio of loss in genetic variance with 128 dams and 16 sires to the

loss with 32 dams and 4 sires

TraitI /h2-> 05 025 Ol

Protein 67.1% 57.5% 51.7%

Fat 52.8% 51.4% 44.7%

It is obvious, that in both traits, protein and fat, this percentage decreases

with decreasing heritability. This means, that the effect of relative

conservation of genetic variance through selecting more parents is more

significant with Iower heritability.
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3.3 Expected Utility

3.3.1 Single-trait Model

When a quadratic risk utility function is used, maximum risk aversion factor is

dependent on the highest expected mean and variance. Expected mean

and variance are dependent on the heritability. Therefore the maximum risk

aversion factor will change according to the heritability. As a consequence,

also the 50% risk aversion factor (RAF), which was used depends on the

heritability. The quadratic risk aversion factors for the single-trait model are

shown in Table 20:

Table 21: Maximum risk aversions factors for the single-trait model

Heritability: Maximum risk aversion factor

0.5 0.137

0.25 0.202

0.1 0.549

The maximum RAF increases in the single-trait model with decreasing

heritability. In other words, a stranger negative weight can be given to the

variance without violating the Bernoulli-principles. At h2=0.25 the RAF

amounts to 147% of the maximum RAF at h2=0.5 and at h2=0.1 it amounts to

400% of the RAF at h2=0.5. The maximum RAF for quadratic risk utility functions

is reciprocal to the expected gain and its variance. Thus the maximum RAF

increases with decreasing mean of genetic progress and decreasing

variance. This happens with Iower heritability.

The results for the expected Utilities with different risk utility functions are shown

in Table 22 for the quadratic risk utility functions and in Table 23 for the

exponential risk utility functions
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Table 22: Utilities with quadratic risk utility functions in a single-trait model for

different heritabilities and maximal / 50% risk aversion.

Heritability Sires* Maximal risk averse Sires'/' 50% risk averse

Dams* 32 64 128 Dams* 32 64 72Ö

0.5 4 1.718 1.697 7.5« 4 2.299 2.222 1.971

8 1.733 1.677 1.615 8 2.322 2.172 2.023

16 1.731 1.676 1.574 16 2.315 2.157 1.943

Sires* Sires*

Dams* 32 64 128 Dams* 32 64 725

0.25 4 1.106 1.076 1.033 4 1.414 1.352 1.271

8 1.136 1.096 1.033 8 1.49 1.386 1.264

16 UM 1.075 0.984 16 1.42 1.341 1.176

Sires* Sires*

Dams* 32 64 128 Dams* 32 64 72Ö

0.1 4 0.420 0.422 0.415 4 0.624 0.604 0.583

8 0.440 0.430 0.424 8 0.676 0.614 0.579

16 0.440 0.436 0.423 16 0.672 0.619 0.566

If instead of the real genetic progress for animals born in year 12 the

quadratic risk utility function with 50% of the maximum RAF is taken into

consideration, then the results will not change by much. In all cases the utility

increases with decreasing number of dams. In 6 out of 9 cases the utility

increases, when 8 instead of 4 sires are selected, as it happens for the case

when genetic progress is the basis. With h2=0.5 the utility reached in a

scheme of 128 dams and 16 sires amounts to 85% of the utility reached with

an annual selection of 32 dams and 4 sires. When heritability is set to 0.25 this

value amounts to 83%, while in case of heritability equal to 0.1 the weakest

selection exhibits 91% of the utility compared to the scheme of 32 dams and

4 sires selected.

All these values are higher than the corresponding values for the real genetic

progress for animals born in year 12. This shows that the relative superiority of

the breeding scheme decreases when the variance, and not only the

expectated value is taken into consideration.
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When a quadratic risk-utility function with maximum risk aversion is taken into

consideration as the utility function, the utility will still increase with Iower

number of selected dams, but the differences become smaller. When the

heritability is set to 0.5 the utility reached in a scheme of 128 dams and 16

sires will amount to 92% of the utility gained with 32 dams and 4 sires. When

the heritability Is 0.25, this amounts to 89%. In case of lowest heritability, the

difference between the scheme with the highest utility and the one with the

lowest amounts to only 0.015 utility units (which is 3.4% of the scheme with the

highest utility). The scheme of 32 dams and 4 sires is even inferior to the

scheme of 128 dams and 16 sires.

Table 23: Utilities wrth exponential risk utility functions in a single-trait model for

different heritabilities and different risk aversion factors.

Heritability Sires* Risk aversion factor

RAF =2

Dams* 32 64 128

Sirest Risk aversion factor

RAF =7.06

Dams* 32 64 128

0.5 4 2.682 2.615 2.255 4 2.182 2.283 1.994

8 2.773 2.542 2.378 8 2.422 2.229 2.245

16 2.769 2.568 2.262 16 2.440 2.391 2.136

Sires* Sires*

Dams* 32 64 128 Dams* 32 64 72Ö

0.25 4 1.642 1.551 1.435 4 1.437 1.356 1.247

8 1.746 1.622 1.449 8 1.499 1.488 1.335

16 1.667 1.560 1.346 16 1.511 1.443 1.293

Sires* Sires*

Dams* 32 64 726" Dams* 32 64 128

0.1 4 0.769 0.740 0.703 4 0.623 0.626 0.581

8 0.803 0.765 0.708 8 0.814 0.679 0.641

16 0.875 0.778 0.690 16 0.803 0.716 0.646

Risk aversion Factor 2: With heritability 0.5 in a scheme of 128 dams and 16

sires, 84% of the utility of the scheme wrth 32 dams and 4 sires is achieved.

When heritability is 0.25 this value amounts to 82% and with heritability of 0.1

the lowest selection pressure will exhibit 90% of the utility achieved with the

highest selection pressure.
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When a risk aversion factor, that can be deduced from the prizing of bull

semen, is used, then a scheme with 128 dams and 16 sires will reach 98% of

the utility in a scheme of 32 dams and 4 sires selected, if heritability is 0.5. With

heritability of 0.25 this value amounts to 90%. Whith lowest heritability, a

scheme of 128 dams and 16 sires will show a higher utility than a scheme of 32

dams and 4 sires. This superiority of the scheme with 128 dams and 16 sires

corresponds to the superiority when using a quadratic utility function with

maximum risk aversion.

When instead of the genetic progress for animals bom in year 12 the utility is

taken into consideration, which can be deduced by employing an

exponential risk utility function and RAF =7.06
,
then the utility will rise in all

cases of a fixed number of sires and a decreasing number of dams. In 8 out of

9 cases utility will increase, if 8 instead of 4 sires are selected. If the real

expected values in genetic progress is taken into consideration, this increase

will occur in 6 out of 9 cases. If the number of sires is increased from 8 to 16,

only one case will exhibit an increased genetic progress, but in 5 out of 9

cases the utility will increase, provided an exponential risk-utility function with

a risk aversion factor of 7.06 is used.

Introducing the risk utility function never leads to a Situation where the

scheme with the lowest utility within one heritability has a Iower utility than the

scheme with the highest utility within the next Iower heritability.

The mean utility with heritability of 0.25 reaches values between 62% and 64%

of the utility with heritability of 0.5 dependent on the utility function. When

heritability is 0.1 a utility of between 26% and 29% of the average utility with

heritability of 0.5 is achieved.

In order to evaluate the ranking of the schemes, the various scenarios were

marked with letters.

Dams/Sires 32/4 32/8 32/16 64/4 64/8 64/16 128/4 128/8 128/16

Scheme ABCDEFGH I

The various risk utility functions for the single-trait model amount to the

following ranking, based on Tables 22 and 23.
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Table 24: Ranking wrth different risk utility functions and with different

/V

risk

aversion factors for the single-trait model

RankingHeritability Risk Utility Function

0.5 without RUF B>C>A>D>E>F>H>G>I

quadratic RUF 50% averse B>C>A>D>E>F>H>G>I

quadratic RUF maximum averse B=C>A>D>E=F>H>G>I

exponential RUF RAF =2 B = C>A>D>F>E>H>I>G

exponential RUF RAF =7.06 C > B > F > D > H > E > A > I > G

0.25 without RUF B>C>A>E>D>F>G>H>I

quadratic RUF 50% averse B>C>A>E>D>F>G>H>I

quadratic RUF maximum averse B>C>A>E>D>F>G = H>I

exponential RUF RAF =2 B>C>A>E>F>D>H>G>I

exponential RUF RAF =7.06 C>B>E>F>A>D>H>I>G

0.1 without RUF B>C>A>E = F>D>G>H>I

quadratic RUF 50% averse B = C>A>F = E>D>GsH>l

quadratic RUF maximum averse B = C>F>E>H = I = D = A>G

exponential RUF RAF =2 B>C>F>A>E>D>H>G>I

exponential RUF RAF =7.06 B>C>F>E>I>H>D>A>G

Legend: RUF Risk-Utility Function, >: Difference between schemes > 0.005 utility

units
, b : 0.005 ä Difference between schemes 2 0.007 ; =; Difference

between schemes < 0.001

It is obvious from Table 24, that the introduction of a quadratic risk-utility

function with half of the maximum possible RAF does not change the ranking

in any heritability compared to the ranking with the real genetic progress.

Wrth maximum of the possible RAF, the ranking changes only for heritability

0.1; but the differences between schemes are very small. If an exponential

risk-utility function with a RAF = 2 is used, in all heritabilities at least two

changes in the ranking occur. In all cases the scheme F, with 64 dams and 16

sires selected per year, is ranked higher using an exponential risk-utility

function than ranking by the real genetic progress. Also, within the schemes

with 128 dams, there is a change in favour of schemes with more sires

selected per year, if ranking is performed with an exponential risk utility

function and RAF =2. With an exponential risk utility function and a risk
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aversion factor as can be deduced from bull semen prices (RAF = 7.06), a

strong change in the ranking takes place. For heritabilities >0.1 the scheme

with 32 dams and 16 sires becomes the one with the highest utility. With both

RAF's used for the exponential risk utility function, schemes with 64 dams and

16 sires are ranked higher than ranking by expected mean only.

3.3.2 Multi-trait Model

3.3.2.1 Utility with Weighting Protein : Fat 1:1

For different modeis, the maximum risk aversion factors for the quadratic risk

utility function had to be computed separately. The values for maximum risk

aversion Table 25.

Table 25: Risk aversion factors for the quadratic risk-utility function in the multi¬

trait model with weighting of protein : fat 1:1

Heritability: Maximum risk aversion factor

0.5 0.114

0.25 0.165

0.1 0.319

The relative increase of the risk aversion factor with decreasing heritability is

Iower in comparison to the single-trait model. The major reasons for this are

the higher variances in the multi-trait model compared to the single-trait

model. In the single-trait model with heritability of 0.1, the variance of genetic

progress for the scheme with 32 dams and 4 sires is 0.0576 a2p. For the

corresponding scheme in the multi-trait model with equal weighting of

protein and fat, the variance of the index amounts to as much as 0.1024a* or

nearly twice the variance of the single-trait model. The risk aversion factor

becomes smaller when the variance becomes greater. Thus risk aversion

factors are smaller than in the single-trait model.
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Table 26: Utilities with quadratic risk utilitv functions in a multi-trait model and

weighting protein :fat 1:11

h2 Sires* Maximal risk averse Siros* 50% risk averse

Dams* 32 64 728 Dams* 32 64 128

0.5 4 1.987 1.936 1.766 4 2.581 2.461 2.141

8 1.981 1.914 1.773 8 2.553 2.411 2.141

16 2.002 1.903 1.722 16 2.S67 2.372 2.062

Sires* Slres*

Dams* 32 64 728 Dams* 32 64 128

0.25 4 1.268 1.216 1.141 4 1.604 1.508 1.361

8 1.244 1.199 1.157 8 1.S47 1.466 1.373

16 1.268 1.223 1.117 16 1.562 1.477 1.313

Sires* Sires*

Dams* 32 64 728 Dams* 32 64 128

0.1 4 0.623 0.603 0.597 4 0.778 0.743 0.724

8 0.605 0.601 0.570 8 0.737 0.732 0.670

16 0.617 0.563 0.587 16 0.771 0.664 0.692

No basic changes in the results occurs if a quadratic risk utility function with

50% of the maximum risk aversion is introduced, in comparison to the results of

the real genetic progress. In all cases utility increases with decreasing number

of dams selected. With heritability 0.5, the utility attained with 128 dams and

16 sires selected is 80% of the utility reached with 32 dams and 4 sires

selected. Wrth heritability 0.25, this ratio amounts to 82% and in case of

heritability 0.1 with the weakest selection 89% of the utility with the strongest

selection are attained. All those values are slightly Iower then the

corresponding values for the single-trait model.

With maximum risk aversion in a quadratic risk-utility function, utility increases

with decreasing number of dams selected, but the differences between the

schemes are becoming smaller. With heritability equals to 0.5 the utility

realised with 128 dams and 16 sires is 92% of the utility realised with an annual

selection of 32 dams and 4 sires. With heritability of 0.25 this ratio amounts to

89%. At the lowest simulated heritability the difference between the scheme

with the highest utility and the lowest utility is equal to 0.053 utility units. This

corresponds to 8.5% of the utility of the scheme with the highest utility. In
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contrary to the single-trait model, the scheme with 32 dams and 4 sires

selected is superior to the scheme with 128 dams and 16 sires selected.

Table 27: Utilities with exponential risk utilitv functions in a multi-trait model

qnd weighting protein ;fqt 1; 1

h2 Sires* Risk aversion factor

RAF =2

Dams* 32 64 128

Sires* Risk aversion factor

RAF =7.06

Dams* 32 64 128

0.5 4 2.798 2.665 2.249 4 1.846 1.855 1.577

8 2.826 2.612 2.328 8 2.070 1.861 1.870

16 2.998 2.658 2.191 16 2.660 2.197 1.659

Sires* Sires*

Dams* 32 64 728 Dams* 32 64 128

0.25 4 1.645 1.510 1.423 4 0.902 0.776 1.026

8 1.610 1.506 1.498 8 1.003 0.932 1.266

16 1.743 1.656 1.419 16 1.454 1.476 1.192

Sires* Sires*

Dams* 32 64 728 Dams* 32 64 128

0.1 4 0.832 0.785 0.779 4 0.576 0.537 0.598

8 0.795 0.785 0.736 8 0.604 0.589 0.649

16 0.813 0.717 0.771 16 0.531 0.598 0.703

If an exponential risk utility function with a risk aversion factor RAF =2 is applied

to the results of the multi-trait model with equal weighting of protein and fat,

then for heritability of 0.5 the scheme with 128 dams and 16 sires selected per

year will show a utility that amounts to 78% of the utility realised with 32 dams

and 4 sires or 73% of the maximum realised utility. For heritability of 0.25 the

corresponding values are 86% and 81% respectively. In the case of heritability

of 0.1, a scheme with 128 dams and 16 sires will realise 93% of the utility

realised with 32 dams and 4 sires. It is obvious that both, by comparing on the

basis of the real genetic progress or risk utility functions, those ratios increase

with Iower heritabilities. In other words, the superiority of schemes with strong

selection decreases with Iower heritability.

If in the exponential risk utility the risk aversion factor 7.06 is used, then the

scheme with the smallest utility, 128 dams and 16 sires, will exhibit only 59% of
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the utility realised with the scheme with the highest utility, 32 dams and 16

sires selected per year. With heritability 0.25 the scheme with the lowest utility,

64 dams and 4 sires, attains only 53% of the utility realised in the maximum,

with 64 dams and 16 sires selected per year. For the simulations with

heritability 0.1, the scheme with 128 dams and 16 sires will have the greatest

utility and the lowest utility is realised with 32 dams and 16 sires selected. The

latter scheme will have a utility of 75% of the maximum utility. This means, that

in the multi-traft model wrth weighting 1:1 the use of the exponential risk utility

function with risk aversion factor 7.06 does not only changes the ranking of

the schemes, but, in contrary to the other risk utility functions, also the relative

difference between the best and the weakest scheme becomes greater

than by using the real genetic progress. For all other risk utility functions, the

ratio of weakest scheme/best scheme becomes higher.
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Table 28 shows the different rankings realised by applying the different risk

utility functions in the multi-trait model, weighting protein : fat 1:1

Table 28: Ranking with different risk utility functions and with different risk

aversion factors for the multi-trait mode weighting fat: protein 1:1

Heritability Risk Utility Function Ranking

0.5 without RUF A>C>B>D>E>F>G>H>I

quadratic RUF 50% averse A>C>B>D>E>F>H = G>I

quadratic RUF maximum averse C>A>B>D>E>F>H>G>I

exponential RUF RAF =2 C>A>B>D>E>F>H>G>I

exponential RUF RAF =7.06 C>F>B>H>E>D>A>I>G

0.25 without RUF A>C>B>D>E>F>H>G>I

quadratic RUF 50% averse A>C>B>D>F>E>H>G>I

quadratic RUF maximum averse A = C>B>F>D>E>H>G>I

exponential RUF RAF =2 C>F>A>B>D = E>H>G>I

exponential RUF RAF =7.06 F>C>H>I>G>B>E>A>D

0.1 without RUF A>C>D>B>E>G>I>H>F

quadratic RUF 50% averse A>C>D>B>E>G>I>H>F

quadratic RUF maximum averse A>C>B = D = E = G>I>H>F

exponential RUF RAF =2 A>C>B>E = D>G>I>H>F

exponential RUF RAF =7.06 l>H>B>G = F>E>A>D>C

Legend: RUF Risk-Utility Function, >: Difference between schemes > 0.005 utility

units
, = : 0.005 > Difference between schemes > 0.001 ; *: Difference

between schemes < 0.001

In comparison to the ranking on the real genetic progress achieved, the use

of a quadratic risk utility function with 50% of the maximum risk aversion and

h2>0.25 will lead to only one change within each ranking. In both cases a

scheme with more sires selected will become superior to a scheme with less

sires and equal number of dams selected. At a heritability of 0.25 and within

the schemes with 64 dams selected (D, E, F) the scheme F will be at the first

place instead at the last, if ranking is by a quadratic risk utility function with

maximum risk aversion instead by genetic progress. For all other cases the

application of a quadratic risk utility function will not have a major influence
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on the ranking of the schemes. The results with heritability of 0.1 must be

interpreted very carefully. All the utility values are very dose together and

differences may not be significant.

The use of exponential risk utility functions changed the ranking of the

schemes more then the use of quadratic risk utility functions. Wrth a RAF = 2

the tendency observed with the quadratic risk utility function and maximum

aversion becomes stronger for heritability equals to 0.25. By application of the

exponential function and RAF =2, the scheme with 64 dams and 16 sires will

be ranked higher than schemes with 32 dams and less then 16 sires selected

per year. If the RAF is increased up to 7.06, as it was deduced from bull semen

prices, then the scheme with 64 dams and 16 sires selected is the best

scheme and the scheme with 32 dams and 8 sires is only at rank 6 compared

to the first place when ranking is only by genetic progress. Also for a

heritability of 0.5 and by using the exponential risk utility function with risk

aversion factor of 7.06 schemes with more sires selected will be ranked higher

than by ranking by pure genetic progress.

3.3.2.2 Utility with Weighting Protein: Fat 10:1

The quadratic risk aversion factors are shown in Table 29. They have been

computed separately for the reasons described above.

Table 29: Risk aversion factors for the quadratic risk-utility function in the multi¬

trait model with weiahting of protein : fat 10:1

Heritability: Maximum risk aversion factor

0.5 0.117

0.25 0.172

0.1 0.377

For the multi-trait model with weighting protein : fat 10:1 the risk aversion

factors for the quadratic risk utility function are similar to those computed for

the multi-trait model with weighting 1:1 in the selection index, but they are

much smaller then the ones computed for the single-trait model. This

difference is due to higher variance compared to the single-trait model as

explained above.
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Table 30: Utilities with quadratic risk utilitv functions in a multi-trait model and

weighting 1:10 for the traits Fat and Protein for different heritabilities and

different risk aversion factors.

h2 Slres* Maximal risk averse Slres* 50% risk averse

Dams* 32 64 128 Dams* 32 64 728

0.5 4 1.872 1.802 1.603 4 2.342 2.251 1.912

8 1.899 1.794 1.729 8 2.453 2.212 2.085

16 1.879 1.800 1.669 16 2.366 2.210 1.983

Sires* Sires*

Dams* 32 64 72S Dams* 32 64 728

0.25 4 1.207 1.173 1.147 4 1.520 1.436 1.379

8 1.200 1.163 1.039 8 1.474 1.420 1.214

16 1.198 1.158 1.070 16 1.470 1.389 1.247

Sires* Sires*

Dams* 32 64 128 Dams* 32 64 128

0.1 4 0.540 0.556 0.449 4 0.694 0.717 0.540

8 0.597 0.561 0.523 8 0.773 0.717 0.629

16 0.548 0.553 0.488 16 0.700 0.682 0.580

At a heritability of 0.25 an index with the traits protein and fat, weighted 1:10,

will attain 62.5% of the genetic progress realised with heritability 0.5. For

heritability 0.1 this value is 30.7%. If the utility for a quadratic risk utility function

with 50% of maximum risk aversion is computed for those schemes, then with

heritability of 0.25,63.3% of the utility realised with heritability 0.5 is reached.

The corresponding value for heritability 0.1 is 30.4%. With maximum risk

aversion in the quadratic risk utility function the schemes at heritability equals

to 0.25 will reach 64.5% and at heritability 0.1 will reach 30.0% of the utility

realised at heritability of 0.5.

The application of a quadratic risk utility function on the model with weighting

protein : fat 10:1 leads to relative smaller differences between the schemes.

Differences are smaller with maximum risk aversion then with 50% of the

maximum risk aversion factor. Table 31 shows the percentage realised with

the weakest scheme compared to the scheme with the highest utility.
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Table 31: Comparison of breeding schemes for the multi-trait model.

weighting protein : fat 10:1 with quadratic risk utilitv functions (Ratio: worst

/best scheme)

Heritability Index only 50% risk aversion maximum risk aversion

0.5 73.9% 77.9% 84.4%

0.25 75.8% 79.8% 86.1%

0.1 66.4% 69.8% 75.2%

In contrary to the multi-trait model with equal weighting of the traits protein

and fat, relative superiority of schemes with only 32 dams is higher with

heritabilty 0.1 then with heritability > 0.25.

Even when applying a quadratic risk utility function, schemes with 32 dams

will be the one with highest Utilities and schemes with 128 will show lowest

utility. But it must be considered, that in this simulations there is no variance in

number of embryos transferred. Such a variance will reduce genetic progress

but increase its variance (Ruane, 1990b). And thus utility of schemes with only

32 dams selected per year will decrease.
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Table 32: Utilities with exponential risk utility functions in a multi-trait model for

different heritabilities. different risk aversion factors and weiahtina Drotein : fat

10:1

h2 Sires* Risk aversion factor Sires* Risk aversion factor

RAF =2 RAF =7.06

Dams* 32 64 128 Dams* 32 64 728

0.5 4 2.719 2.350 1.893 4 2.485 1.466 1.063

8 2.618 2.435 2.335 8 1.632 1.942 2.065

16 2.700 2.502 2.221 16 2.312 2.202 2.026

Slres* Sires*

Dams* 32 64 128 Dams* 32 64 728

0.25 4 1.543 1.521 1.504 4 0.806 1.068 1.235

8 1.614 1.499 1.276 8 1.274 1.053 0.987

16 1.604 1.555 1.389 16 1.254 1.390 1.301

Sires* Sires*

Dams* 32 64 728 Dams* 32 64 728

0.1 4 0.750 0.794 0.545 4 0.503 0.579 0.329

8 0.915 0.808 0.713 8 0.825 0.644 0.658

16 0.771 0.783 0.636 16 0.565 0.714 0.547

The application of the exponential risk utility function does not only change

the ranking of the schemes by much more than the quadratic risk utility

function does, but also differences between the best and the weakest

scheme will increase.

Table 33: Comparison of breeding schemes for the multi-trait model.

weighting protein : fat 10:1 with exponential risk utilitv function (Ratio

worst/best scheme)

Heritability Index only RAF=2 RAF=7.06

0.5

0.25

0.1

G:B = 0.739

H:A = 0.758

G:B = 0.664

G:A = 0.696

H:B = 0.791

G:B = 0.596

G:A = 0.428

A:F = 0.580

G:B = 0.398

Although the exponential risk utility function leads to big changes in the

ranking and differences between the best and the worst scheme increase
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much within a heritability, in no case the scheme with highest utility in a class

of Iower heritability will realise a higher utility then the scheme with the lowest

utility within the class of higher heritability. This, again, indicates the

importance of the heritability.

Table 34 shows the different rankings realised by appiying the different risk

utility functions in the multi-trait model, weighting protein: fat 10:1

Table 34: Ranking with different risk utilitv functions and with different risk

aversion factors for the multi-trait model with weighting 10:1

Heritability Risk utility function used Ranking

0.5 without RUF B>C>A>D>E>F>H>I>G

quadratic RUF 50% averse B>C>A>D>E = F>H>I>G

quadratic RUF maximum averse B>C>A>D = F>E>H>I>G

exponential RUF RAF =2 A>C>B>F>E>D>H>I>G

exponential RUF RAF =7.06 A>C>F>H>I>E>B>D>G

0.25 without RUF A>B>C>D>E>F>G>I>H

quadratic RUF 50% averse A>B = C>D>E>F>G>I>H

quadratic RUF maximum averse A>B = C>D>E = F>G>I>H

exponential RUF RAF =2 B>C>F>A>D>GsE>l>H

exponential RUF RAF =7.06 F>I>B>C>G>D>E>H>A

0.1 wrthoutRUF B> D> E>C=A> F> H> l>G

quadratic RUF 50% averse B>E = D>C>A>F>H>I>G

quadratic RUF maximum averse B>E = D = F = C>A>H>I>G

exponential RUF RAF =2 B>E>D>F>C>A>H>I>G

exponential RUF RAF =7.06 B>F>H>E>D>C>I>A>G

Legend: RUF Risk-Utility Function, >: Difference between schemes > 0.005 utility

units
, s : 0.005 £ Difference between schemes £ 0.007 ; : Difference

between schemes < 0.001

The application of the quadratic risk utility function wrth 50% of the maximum

risk aversion for the model with weighting protein : fat 10:1 does not change

the ranking of the schemes at all, only in one case two schemes become
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equal. Also the application of the maximum risk aversion factor does not

change the ranking much. Whereas at heritability of 0.25 no change

compared to the ranking by genetic progress occurs, at heritability 0.5

scheme F will advance one place and at heritability of 0.1 scheme F will

advance 2 ranks. Thus the major impact of quadratic risk utility function is not

changes in the ranking, but the differences between Utilities of the different

schemes become smaller than those obtained with the real genetic progress

as basis.

The introduction of the exponential risk aversion factor RAF =2 changes the

ranking more than the quadratic risk utility function with maximum risk

aversion. For heritability of 0.1 the ranking with the exponential risk utility

function and RAF=2 is the same as the ranking with the quadratic risk utility

function and maximum risk aversion. At heritability of 0.5 scheme F will

advance one more rank and is the best among the schemes with 64 dams,

but still weaker than the schemes with 32 dams. Only at heritability of 0.25

real changes occurs. Scheme F is now better than one scheme with 32 dams.

This scheme, A, looses 3 ranks and scheme B is then the scheme with the

highest utility. In addition scheme G gains one rank but difference to scheme

E is very small. By application of RAF = 7.06, the ranking is much more

affected. At heritability of 0.5 the scheme F advances again, compared to

the ranking by exponential risk utility function. Also schemes with 128 dams

and at least 8 sires (H, I) are ranked much higher and become superior to

schemes with 64 dams and fewer than 8 sires. At heritability of 0.25 the

scheme F is even the one with the highest utility and scheme I, with 128 dams

and 16 sires is inferior only to F, but superior to all other scheme. Scheme A,

with the highest real genetic progress, has lowest utility if an exponential risk

utility function with RAF=7.06 is introduced. For heritability of 0.1, again,

scheme F becomes ranked higher and is inferior only to scheme B. In addition

scheme H, with 128 dams and 8 sires advances 4 ranks. Generally the

exponential risk utility function with RAF=7.06 favouris schemes with more

parents selected and thus smaller loss of genetic variance and less

inbreeding.
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4. Discussion

4.1 Generic Progress

As expected, response to selection decreased with decreasing heritability, but

not proportionally. For Iower heritability, the selection response is expected to

be higher relative to the heritability. This is due to greater importance of the

relationship matrix and the repeated measurements if the breeding values are

estimated with BLUP and IAM.

Table 35 shows the percentage of genetic progress for year 12 and annual

progress for the different breeding modeis achieved with Iower heritabilities

compared with the values achieved with h2=0.5 (values for h2=0.5 were set to

100%).

Table 35: Percentage of aenetic progress achieved with Iower heritabilities

h2 Single-trait Single-trait Multi-trait Multi-trait Multi-trait Multi-trait

Year 12 annual Year 12 annual Year 12 annual

Weight 1:1 Weight 1:1 Weight 1:10 Weight 1:10

0.25 61.14% 62.32% 61.02% 62.18% 62.43% 62.99%

0.1 30.30% 31.08% 29.97% 29.94% 30.79% 30.99%

If annual genetic progress instead of average value of animals bom in year

12, are compared, the percentage of genetic progress achieved with Iower

heritabilities is higher in four out of five cases, as shown in Table 35. This may

indicate that the additional information gained by BLUP IAM compared to seif

Performance is smaller in the first round of selection than in later years. This is

due to the absence of family information in the basic population, defined as

consisting unrelated founder animals. Comparable figures can be computed

from the data given by Stranden et al. (1991) for a closed nucleus in cattle

with discrete generations and hierarchical mating. With h2=0.25, 60.79% and

with h2=0.1 31.30% of the annual genetic progress simulated with h2=0.5 are

achieved. In all modeis, response to selection increased wrth decreasing

number of dams selected. However, for a given heritability and number of

dams, selection response with eight sires was generally greater than the

response obtained with four sires selected, afthough differences were not

significant. Similar results were obtained by Ruane (1991a, 1991b). The genetic

progress achieved with the weakest selection compared to the strongest

selection is shown in Table 36.
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Table 36: Percentage of genetic progress achieved bv a scheme with 128

dams /16 sires compared to a scheme with 32 dams and 4 sires (=100%)

h2 Single-trait Single-trait Multi-trait Multi-trait Multi-trait Multi-trait

Year 12 annual Year 12 annual Year 12 annual

Weight 1:1 Weight 1:1 Weight 1:1 Weight 1:10

0.50 80.28 84.72 75.65 77.90 87.24 82.55

0.25 79.32 81.17 77.87 81.48 76.93 81.47

0.10 75.65 90.71 85.52 96.95 80.77 89.23

The superiority of schemes with MOET over schemes with 128 dams and 16 slres

was Iower in all modeis and heritabilities, if comparison is performed on a base

of annual genetic progress between years 3 and 12 instead of on a base of

genetic progress for animals bom in year 12. This might be due to higher

increase in inbreeding and decrease in genetic variance for schemes with 32

dams and 4 sires. Therefore the superiority of MOET is smaller over the long term

(sustainable breeding) than over a Short term.

Superiority of schemes with MOET over a scheme with 128 dams and 16 sires,

based on comparison of annual gain, was smallest for h2=0.1. This is due to

higher rate of inbreeding with Iower heritability.

A meaningful comparison between breeding schemes with overiapping

generations and schemes with discrete generations is doubtful. To achieve

such a comparison the following must be equal:

1. number of parents selected per generation.

2. herd size, and

3. number of embryos transferred per year have to be equal.

When the generations are overiapping, not all the three conditions can be

equal to a scheme with discrete generations. Furthermore, generation interval

is not fixed in schemes with overiapping generations. However, it was assumed

here to be minimal i.e. 2 years. For a given number of animals selected as

parents each year, genetic progress per year is greater with overiapping

generations than that obtained with discrete generations (Stranden et al.,

1991, Ruane, 1991a, 1991b). Also for an equal number of embryos transferred

per generation, genetic progress wrth overiapping generations was marginalty

higher than with discrete generations (Stranden et al. 1991).

Schrooten and Van Arendonk (1992) simulated a closed nucleus with

overiapping generations for cattle. Twetve sires and 60 dams were selected
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per year and 240 calfs were bom per year. Heritability was set to 0.25 and

repeatability to 0.5. Variance in embryo recovery was assumed and embryos

could be transferred successfully from only 80% of the dams. In this case an¬

nual genetic progress was 0.06op. Assuming a generation interval of 3.83 years

(Wooliams, 1989; Stranden et al., 1991), progress per generation will be

0.230 op. Ruane (1990b) computed for this scenario of Variation in number of

embryos a reduction of selection response of 9% compared to the scenario

with zero variance in MOET. If 33% of donors cannot be used for MOET, this

reduction will increase up to 13%. Thus, without Variation in embryo recovery,

genetic gain will be 9.89% higher or 0.252 crp. This value is very dose to the

simulated breeding scheme with 64 dams and 16 sires, assuming generation

length of 2 years in goats. For this scheme, genetic gain in the single-trait

model is 0.269ap.

When a nucleus herd for goats is established, variance in response to

superovulation and variance in number of successfully transferred embryos

(Puls Kleingeld, 1990; Dietrich et al., 1992; Martemucci et al.; 1992; Nowshari,

1990) has to be taken into account in schemes with 64 dams and especially in

schemes with 32 dams. In our study no variance was assumed for simulating
the optimal case of MOET.

Bonderer (1993) predicted maximal annual genetic progress of 0.156ap for a

nation-wide progeny testing program in Switzerland for a population of 7300

goats with optimised selection procedures for a single-trait and assuming an

heritability of 0.31. Loss of genetic variance due to selection and finite

population size and inbreeding were not taken into account in those

calculations. Wrth a Transformation of the heritability to h2=0.25 and no other

changes in the other assumptions, annual genetic progress will be 0.128op. This

annual progress is equal to the annual genetic progress achievable in a

closed nucleus herd for goats without MOET and h2=0.25, even when

reduction of genetic variance and inbreeding are considered.

Estimated heritabilities in goats for economic traits such as milk, fat and protein

are higher when based on records from a central test Station (Ricordeau et al.,

1979) than those based on data of a national progeny testing program

(Mocquot and Ricordeau, 1981; Boichard et al., 1989), due to lack of variance

between flocks. In national breeding programs biased estimates of breeding
values due to preferential treatment, reduce the genetic progress (Van VIeck,

1986; Wilmink and Meuwissen, 1989). In a central test Station this preferential

treatment can be avoided. Therefore a closed nucleus is expected to be

superior to a national breeding program for goats.
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4.2 Inbreeding

As expected, inbreeding increased when number of sires and dams were

reduced. Increase in rate of inbreeding was almost linear when number of

parents was reduced.

In cases of Iower heritability, coefficients of inbreeding are higher on average.

This is due to the applied method of estimation of breeding values. With BLUP

IAM more weight is given to pedigree information in case of Iower heritability.

Similar results were found by Stranden et al (1991).

The following table shows some examples of rate of inbreeding from other

simulations for closed nuclei. When not noted otherwise, heritability was 0.25

Table 37: Rate of inbreeding in different simulations reviewed in literature

Author Selected / Generation AF / Generation

Keller et al (1990) (h2=0.3) 60 Dams /15 Sires out of 240 2.44%

Ruane and Thompson (1990a) 32 Dams / 4 Sires out of 256 7.77%

32 Dams / 8 Sires out of 256 4.79 %

Stranden et al. (1991) 32 Dams / 4 Sires out of 256 6.01 - 8.00 %

64 Dams/8 Sires out of 512 3.14-4.29%

Wooliams (1989) 36 Dams / 4 sires out of 256 5.78%-8.65%

It is obvious from Table 37, that the corresponding simulated values in this study

are not higher than those described in the literature, although there was no

limitation on the use of number of fullsibs. Previous studies showed, that

selecting more than one fullsib does not increase the rate of inbreeding

(Stranden et al 1991, Ruane 1991b). This is in contradiction to Wooliams (1989),

who found restriction to only one füll brother to give uniformly Iower

inbreeding. This difference is most likely due to the different selection intensities

applied (Stranden et al., 1991).

To limit the rate of inbreeding, in theory and in practice, restrictions are offen

applied on the use of males, such as the use of only one male per füll sibship

(Nicholas and Smith, 1983), selection within sires or differentiai use of sires (Toro

and Perez-Enciso, 1990) or limiting the time span a sire is used (Goddard, 1987).

Such restrictions inevitably also reduce selection response. In addition

Stranden et al. (1991) showed, that inbreeding did increase with the restriction

of selecting only one sire per füll sibship.
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Toro and Nieto (1984) and Toro and Perez-Encisio (1990) have studied a variety

of mating designs to sustain genetic response while reducing rares of

inbreeding, or to increase response at the same rate of inbreeding. For closed

nucleus herds, factorial mating has been proposed to reduce inbreeding or

even to increase genetic gain with the same number of animals selected

OTVooliams, 1989, de Boer and van Arendonk, 1994). In goats this method is not

applicable, as shown previously.

A possible criterion for the balance between response and inbreeding, is the

ratio of response to inbreeding. Those ratios were computed for the single-trait

model and h2=0.5. The results are presented in Table 38

Table 38: Ratio of genetic progress per faß" 100)/% inbreeding for the single-

trait model and heritabilitv = 0.5

.Siresi /Dams-» 32 64 128

4 8.53 10.42 11.75

8 12.23 15.07 17.80

16 15.74 22.42 27.70

It is not clear if this method is optimum, because of maximum ratios of response

were obtained with low genetic response and low inbreeding (Quinton et al.,

1992).

Genetic evaluations obtained by BLUP IAM always represent an optimal

selection criterion when only the Short term is considered (Henderson, 1975).

On the other hand, Quinton et al. (1992) found, that for equal coefficient of

inbreeding selection based on seif Performance will lead to higher genetic

progress than when selection is based on BLUP IAM.

Without restriction on the coefficient of inbreeding, Verrier et al. (1992)

showed, that for the long term and small populations, selection based on the

IAM could be even more efficient when less weight is given to pedigree

information. In this case the estimated breeding value no longer has the

properties of BLUP, because heritabilities are biased and overestimated. The

higher progress for the long term is due to higher rate of inbreeding and higher

loss of genetic variance, when selecting by a BLUP IAM. Thus a possibilffy to

increase genetic progress and decrease rate of inbreeding could be the use

of an overestimate of the heritability. The effectiveness will depend on the

population size. As no optimum is given either for population size or for amount

of overestimation needed, it could be useful to study details by means of

further simulations.
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4.3 Genetic Variance

The genetic variance decreased for all schemes over the period of 12 years.

On average genetic variance in year 12 was 61.4% of the genetic variance in

year 0. This decrease caused no significant reduction in genetic progress. In a

long term selection experiment on mice, reduction of genetic variance was

high in first generations, but no reduction in genetic progress could be

observed. In later generations (>12) a big decrease in genetic progress

occurred due to the reduction of genetic variance (Bünger and Herrendörfer,

1994).

In simulations of a closed nucleus herd with discrete generations, a scheme

with 64 dams, 8 sires and 8 offspring per dam and h2=0.25, genetic variance

was 62% of the original genetic variance after 6 generations (Stranden et al.,

1990). Similar values were found by Keller et al. (1990). Genetic variance

decreased wrth higher coefficients of inbreeding and as a consequence with

smaller effective population size. However effective population size is not the

only reason for decrease in genetic variance.

Table 39 shows the percentage of genetic variance in animals bom in year 12

(year 0 =100%) for the different modeis and the different heritabilities.

Table 39: Percentage of original genetic variance in animals born in year 12

h2 Single-trait Multi-trait Multi-trait Multi-trait Multi-trait

Weight 1:1 Weight 1:1 Weight 1:1 Weight 1:10

Protein Fat Protein Fat

0.50 58.5% 61.6% 61.0% 58.2% 63.7%

0.25 60.8% 62.0% 61.4% 59.8% 64.2%

0.10 62.4% 62.2% 63.4% 62.4% 63.7%

By an analysis of variance, the remaining relative genetic variance for animals

bom in year 12 was separated into that caused by effective population size

and that caused by heritability. The effective population size was computed

from the coefficient of inbreeding assuming a generation length of 2 years

(Falconer, 1984).

For all cases, effective population size had a significant influence on loss of

genetic variance (p<0.001).
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The influence of the heritability on the loss of genetic variance was significant

in an analysis of variance (SAS, 1988).

It could be supposed that, with Iower heritabilities and therefore higher

coefficients of inbreeding, loss of genetic variance will be higher. But in this

Simulation genetic variance was conserved better in the case of Iower

heritability. Keller et al. (1990) also found that relative loss of genetic variance

was higher when selection was for a trait with higher heritability than for a

Iower heritability.

A possible explanation can be given by a formula presented by Gomez-Raya

and Bumside (1990) for the effect of repeated cycles of selection on the

genetic variance in infinite populations. In equilibrium, genetic variance is:

a2
2<«(l-lg)

where a\L is the genetic variance in equilibrium after repeated cycles of

selection, o^ corresponds to the genetic variance betöre selection started,

h2o is the heritability in the trait selected for in year 0, and k is a positive

constant, dependent on the selection intensity.

Independent from k, —^- becomes greater with smaller h20

Thus, in infinite populations relative loss of genetic variance is smaller with Iower

heritabilities than for higher heritabilities. This formula does not satisfy

completely, because influence of inbreeding is neglected.

For finite populations Verrier et al. (1990) propose a formula to compute the

genetic variance in generation t+1 VAl,+1] depending on the genetic variance

in the preceding generation VA'1*, with special respect to number of males

Nm and females Nf selected per generation. The formula is

VA[W1 = ^(l - jfcJVA, + $(1 - %)VAB + VAW[,+1 with

VäJ'J, as the genetic variance between families, depending on the path

(s = sires; d = dams) and

VAÜ!+1) is equal to the variance within the family.
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Assuming normality the variance of the selected parents is VA^}4

VA? = VAw(l - KJt**) for the sires and

VA^ = VAl']{l - KdR?']) for the dams respectively.

For these formulas, Kd/s is a positive constant depending on the selection

intensity and R2 is equal to the Square of the correlation between estimated

and true breeding value. This correlation depends on the heritability, but R2

increases with higher heritabirrties. Thus the expression in parenthesis becomes

smaller with increasing heritability. Therefore loss of genetic variance between

families becomes higher for higher heritabilities in the trait selected for.

The genetic variance within a family is unaffected by the heritability and only

dependent on the coefficient of inbreeding or the effective size of the

population. The variance within a family is:

VA£+1] = - VAo(l - f*1) where F' is the coefficient of inbreeding at the time t

Although this formula accounts for finite population and inbreeding, Verrier et

al. (1990) found that relative loss of genetic variance is Iower with low

heritability than wrth high heritability in the trait selected for.

Figure 16 shows the decrease of genetic variance in protein for three different

schemes in a multi-trait model and weighting protein: fat = 1:10.
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Figure 16: Change in genetic variance in a multitrait model for protein for

different breeding schemes and weighting protein : fat 10,1
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In contrast to Stranden et al. (1991), where genetic variance decreased

almost linearty between generation 0 and generation 8, in this study the

genetic variance is ciose to an equilibrium for the scheme with 128 dams and

16 sires from year 6 on, and also for the scheme in which 32 dams and 4 sires

are selected, an equilibrium is reached from year 9 on. Loss in genetic

variance is not linear but decreases as a function of time.

Although the loss of genetic variance had no significant influence on the

genetic progress within 12 years of breeding, this loss of genetic variance

should not be neglected. In order to conserve genetic variability, the use of all

available methods and capacities is required (Stranzinger, 1983). Different

techniques have been proposed, such as gene mapping, cryopreservation,

MOET, etc. Selecting more sires and the rejection of MOET are simple but very

effective methods to conserve genetic variance within a population. An

eventual loss of genetic variance has two negative impacts:

1. Loss of genetic variance causes loss in genetic progress in further

generations (Bünger and Herrendörfer, 1994)

2. A reduced genetic variance has an influence on the possibilities of

breeding in further generations.

Both points are in contradiction to the definition of sustainable

development/progress. This definition is: Sustainable development / progress, is

a development / progress in which the needs of the present (human)

generation are satisfled without affecting the needs of future (human)

generations. (Brundtland, 1983).
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4.4 Utility Functions

In none of the investigated modeis does the application of a quadratic risk

utility function with 50% of maximum risk aversion lead to an inversion of the

preferences compared to the ranking by the real genetic progress. The

introduction of a quadratic risk utility function with maximum risk aversion does

change some preferences, but no total inversion occurs. (Several times the

scheme with 64 dams and 16 sires selected gets a higher ranking). These results

are very similar to those computed by Meuwissen (1990) for closed nuclei in

cattle with discrete generations and fixed numbers of offspring.

The application of an exponential risk utility function with RAF = 2, leads to

some more changes but generally the same results as by the application of a

quadratic risk utility function with maximum risk aversion. Only the application

of an exponential risk utility function with RAF = 7.06, leads to major changes in

the preferences. The application of all risk utility functions, except the

exponential one with RAF = 7.06, increases the ratio of worst scheme/ best

scheme when compared to the ratio computed on the basis of the real

physical genetic progress.

Generally the application of risk utility functions leads to higher preference for

schemes with more sires selected. The application of a risk utility function never

leads to a Situation where the scheme with highest utility within a class of Iower

heritability will demonstrate a higher utility than the scheme with lowest utility

in the class of the next higher heritability. (For example: the best scheme within

h2=0.25 is always inferior to the worst scheme within h2=0.5.) This again shows

the importance of excluding environmental effects, which will decrease the

heritability.

Although the RAF of 7.06 is derived from actual prices of bull semen, there

remains the question whether such pricing or such a high RAF makes sense

and is useful. It is not clear why the price for a dose of sperm from a progeny

tested bull is four times the price of a untested, young bull, even when there

EBV is equal.

The pricing may be influenced not only by the higher accuracy of EBV and

therefore by Iower risk of genetic progress, but also other factors may also

have to be taken into account. Such factors could be : Lower dystocia in

mates or offspring of progeny tested sires (thus a Iower risk for loss of calf and

mother) and higher prices for a calf which is an offspring of a famous sire (a

kind of snob-effect). If those factors are taken into account, the portion of the
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higher price of progeny-tested sires due to higher accuracy in breeding value

estimation becomes smaller. This leads to a smaller RAF than 7.06.

It is nevertheless accepted that farmers usually behave in a risk averse manner

(Smidts, 1990; Goetz, 1991; Klieve et al. 1993) and, that if accuracy is taken into

account in breeding value estimation, a negative weight should be given for

Iower accuracy (Freer and Sundstrom, 1991).

If a risk utility function is applied on each round of selection instead of the

weighting of different breeding schemes (after 12 years in this Simulation) there

is the danger of increased use of proven sires. These progeny tested sires have

higher utility with equal breeding value. This increased use of proven sires will

lead to higher rate of inbreeding without a positive impact on the genetic

progress.

The risk aversion must be evaluated indfvidualry and the amount of risk

aversion may change over time (Smidt, 1990).

The major difference between the quadratic risk utility function and the

exponential risk utility function is: that the former implies an increasing risk

aversion and less weight for additional gain, whereas with the latter, the

absolute risk aversion remains constant (Laux, 1991).

In other words, the quadratic risk utility function agrees with the concept of

decreasing marginal value, whereas the exponential risk utility function

assumes equal risk aversion for each expected value and is in disagreement

with the concept of decreasing marginal value. Although the concept of

decreasing marginal value is well accepted, one can argue, that with higher

expected value of gain / progress the acceptance of risk might be larger, or

at least not smaller than with Iower expected value of gain / progress.

Therefore risk aversion should not increase with higher expected value.

For animal breeding, different risk utility functions have been proposed such

as: the quadratic (Meuwissen, 1990), or quadratic, exponential, cubic, and

lexicographic (Schneeberger et al., 1981a, 1981b). Meuwissen (1990) chooses

the quadratic risk utility function for the following reason: "It seems reasonable

to assume, that higher moments than the variance do not affect the choice

between breeding schemes significantly. Consequently, a second order

approximation of the utility function over the relevant ränge will be adequate.

The expectation of a third order function invofves a third moment etc. ." This

argument omits the question of decreasing marginal value and the possible

functions other than the power function.
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Contrary to the assumptions of Meuwissen (1990), Smidts (1990) proved, that

the negative exponential function provided a better fit between utility and

value function than a linear or power function. Thus, and because the

quadratic risk utility function is very limited in the ränge of possible RAF, rt

seems more appropriate to apply exponential risk utility functions as a tool in

decision making.

In practice, numbers of offspring obtained by MOET are very variable in cattle

and in goats (Slenning and Wheeler, 1989; Nowshari, 1990; Dietrich et al.,

1992). This variance reduces the net gain and the utility of MOET and increases

the cost of MOET in each generation (Slenning and Wheeler, 1989). This

variance also causes a variance in family size and thus causes additional

differences in the contributions of families to the next generations. The number

of families effectively forming the next generation is reduced and thus

variance of selection response is increased. Furthermore, variance in number

of embryos successfully transferred causes variance in the number of relatives

providing information for the estimation of breeding values. Therefore the

variance in family size leads to variance in accuracy of selection and to

increased variance of the selection response (Meuwissen, 1990).

This variance is highest for MOET, smaller when goats are hormonally treated to

increase litter size without embryo transfer and smallest when absolutely no

reproduction technologies are used. The influence of variance in number of

offspring on the genetic progress has been calculated by Keller et al. (1990)

and amounts to as much as 9%-13% of the genetic progress possible without

variance in number of offspring.

Therefore, it may be concluded that the combination of Iower genetic

progress and higher variance of genetic progress due to variance in number

of offspring will lead to much Iower Utilities for schemes wrth MOET. It might be

estimated that, when accounting for variance in number of offspring,

schemes with MOET will have Iower Utilities than schemes without embryo

transfer. This hypothesis should be verified by further simulations.
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4.5. Conclusions and Recommendation*

In a closed nucleus herd for goats it is expected to achieve genetic progress

that is greater than or at least equal to the genetic progress achieved with an

optimised nation-wide breeding scheme (Bonderer, 1993).

There is no significant difference between the single-trait model and the two

multi-trait modeis concerning the increase in rate of inbreeding and loss of

genetic variance, within the assumption discussed in the previous chapters. In

the multi-trait model, with equal weight for fat and protein in a selection index,

genetic progress for fat is 1.25 of the genetic progress in protein. Genetic

progress for protein is Iower than In single-trait model breeding for protein only.

In the case of weighting protein : fat = 10:1 in a selection index, genetic

progress in both traits will be equal. In this case genetic progress in protein is

equal to the progress achieved in a single-traft model, breeding for protein

only. Thus, if the breeding goal is equal progress for fat and protein, the

measuring of fat can be omitted.

In all examples genetic progress was mainly determined by the heritability and

only to Iower degree, by the breeding scheme. Estimated heritabilities in goats

for traits such as milk, fat and protein are higher, when based on records from

a central test Station (Ricordeau et al., 1979) compared to estimates from

data of a national progeny testing program (Mocquot and Ricordeau, 1981;

Boichard et al., 1989). Thus a nucleus herd of goats should not be divided in

different flocks at different Sites, or if done so, a uniform management must be

assured. Under these conditions genetic progress with a closed nucleus of

goats can be expected to be greater than with an optimised national

breeding program in Swiss goats.

Genetic progress and utility of genetic progress (derived from quadratic and

exponential risk utility functions) increases generally when number of dams

selected per year is reduced. Although, in some cases, application of

exponential risk utility functions will change the ranking. Reduction of numbers

of sires does not in all cases increase the genetic progress and the utility of

progress, but in all cases increases the rate of inbreeding. Schemes with MOET

are geneticaliy superior to schemes without MOET, if no Variation in number of

successful yielded and transferred embryos occurs. At the present State of the

art this is impossible (Nowshari, 1990, Dietrich et al, 1992). With only

conservative correction for decrease in selection intensity and genetic

progress due to this Variation (Ruane 1991b), MOET is inferior in most cases to

schemes with superovulation and without embryo transfer.



4, Discussion UM

Loss in genetic variance increases with decreasing number of parents

selected per year. With MOET, depending on number of sires selected and on

the model, loss in genetic variance increases up to 56.4%. Although loss of

genetic Variation had no significant influence on genetic progress, loss of

genetic variance should not be ignored. For breeding in further generations,

sustainable development (Brundtland, 1987) and conservation of genetic

diversity (Stranzinger, 1983), a minimum of loss of genetic variance should be

accepted.

The V International Conference on Goats (1992) explicitly recommends the

research in MOET for genetic improvement in goats. The small flock size for

breeding schemes has been mentioned as an advantage of MOET nucleus

breeding schemes (Nicholas and Smith, 1983). When it comes to goats, it must

be considered that, contrary to the schemes with 128 or 64 dams selected per

year, with MOET additional embryo recipient goats must be kept on the

Station. Therefore the size of the flock will not be smaller with MOET than in a

nucleus herd without MOET.

Rate of inbreeding dramatically increases with a decrease in the number of

parents. In addition, due to breeding value estimation by BLUP IAM,

inbreeding will be higher if selection is performed for traits with Iower

heritability. With a limit of 15 % inbreeding after 12 years of breeding ,
for h25

0.25, only schemes with 128 dams and at least 8 sires or 64 dams and 16 sires

selected per year are acceptable. For h2=0.1 only the scheme with 128 dams

and 16 sires is applicable. When the number of parents is reduced, increase in

inbreeding is much greater than increase in genetic progress. Thus, if

optimisation is done for genetic progress/rate of inbreeding or utility/rate of

inbreeding ,
instead for genetic progress or utility only, ranking will be totally

different. If done so, for all modeis and heritabilities, schemes with 128 dams

and 16 sires selected per year will be the best.

Therefore, establishing a closed nucleus herd for goats is a reasonable and

promising alternative to a nation-wide breeding program. The application of

MOET
,
within the restrictions given, cannot be recommended. The increase of

litter-size up to 3-4 goats per kidding by hormonal treatment without embryo-

transfer should be considered.
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4.6. Schlussfolgerungen und Empfehlungen

Mit einer Nukleusherde von Ziegen können Selektionserfolge erreicht werden,

die, bei gleicher Heritabilität, nicht unter denen aus optimierter Landeszucht in

der Schweiz (Bonderer, 1993) liegen.

Das Einmerkmalsmodell und die Modelle mit verschiedener Gewichtung der

zwei simulierten Merkmale (Fett und Eiweissmenge) unterschieden sich nicht

wesentlich in Bezug auf Inzuchtzuwachs und Verlust an genetischer Varianz.

Bei einer gleichen Gewichtung der Merkmale Fett und Eiweiss beträgt der

Zuchtfortschritt im Merkmal Fett das 1.25 fache des Fortschrittes im Merkmal

Eiweiss. Wird das Eiweiss in einem Selektionsindex zehnmal stärker gewichtet als

das Fett, so weisen beide Merkmale den gleichen Fortschritt auf. Der

Zuchtfortschritt Eiweiss ist dann gleich gross, wie wenn nur auf Eiweiss alleine,

ohne ein zweites Merkmal im Zuchtindex, selektiert wird. Es ist also möglich auf

die Messung des Merkmales Fett zu verzichten, wenn ein gleicher Anstieg in

den Merkmalen Fett und Eiweiss angestrebt wird.

In allen Beispielen war der Zuchterfolg in erster Linie von der Heritabilität ab¬

hängig und erst in zweiter Linie vom Zuchtschema. Sowohl die Mengenmerk¬

male Milch, Proteinmenge, Fettmenge als auch Gehaltsmerkamle für Fett und

Eiweiss erreichten bei Stationstests (Ricordeau et al., 1979) bedeutend höhere

Heritabilitätswerte als bei Feldprüfungen (Mocquot and Ricordeau, 1981;

Boichard et al., 1989). Bei der Etablierung einer Nukleusherde für Ziegen soll

daher die Herde möglichst nicht oder, falls nötig, nur auf wenige einheitliche

Betriebe aufgeteilt werden. Damit ist ein Zuchtfortschritt möglich, der über

demjenigen der optimierten Landeszucht liegt.

Sowohl bei der Bewertung nach Zuchtfortschritt als auch bei Bewertung mit

Risiko-Nutzenfunktionen nimmt der Erfolg mit sinkender Anzahl Mütter zu, nicht

jedoch immer bei sinkender Anzahl Väter. Eine zu strenge Selektion auf dem

Bockpfad hat demnach nicht immer einen genetischen Nutzen, ist jedoch

immer mit einer Steigerung der Inzucht verbunden. Schemata mit MOET sind

denen ohne jegliche Behandlung, wenn nach Zuchtfortschritt oder Nutzen

optimiert wird, überlegen. Dies unter der Annahme, dass keine Variation in der

Anzahl erfolgreich übertragener Embryonen einer Ziege auftritt, was beim

heutigen Stand der Technik aber noch nicht zutrifft (Nowshari, 1990, Dietrich et

al, 1992). Die Schemata mit MOET sind aber denjenigen mit Superovulation

aber ohne Embryotransfer meistens unterlegen, wenn auch nur eine konser¬

vative Korrektur für die sinkende Selektionsintensität und den genetischen

Fortschritt als Folge dieser Variation (Ruane, 1990b) in Betracht gezogen wird.
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Der Verlust an genetischer Varianz steigt mit sinkender Elternzahl. Mit MOET

steigt dieser Verlust, in Abhängigkeit von Modell, Merkmal und Heritabilität bis

zu 56.4% an. Obschon der Verlust an genetischer Varianz keinen signifikanten

Einfluss auf den Inzuchtgrad und den genetischen Fortschritt innerhalb der

untersuchten Zeitspanne hatte, sollte der Verlust an genetischer Varianz nicht

ausser Acht gelassen werden. Für die Weiterzucht in späteren Generationen,

eine nachhaltige Entwicklung (Brundtland, 1987) und die Erhaltung der gene¬

tischen Varianz (Stranzinger, 1983) sollte nur ein Minimum an Verlust von gene¬

tischer Varianz akzeptiert werden.

Die V internationale Konferenz über Ziegen (1992) empfiehlt ausdrücklich die

Forschung auf dem Gebiete des Embryotransfers, um den genetischen Fort¬

schritt zu steigern. In keiner Arbeit über Nukleusherden wird jedoch in Betracht

gezogen, dass bei MOET auch Empfängertiere gehalten werden müssen. Dies

hat zur Folge, dass bei MOET und 2 erfolgreich übertragenen Embryonen pro

Empfänger gleichviel oder mehr Tiere gehalten werden müssen, als in den

anderen Zuchtschemata. Die Anzahl benötigte Stallplätze sinkt durch MOET

also nicht. Hinzu kommen die Kosten des Embryotransfers.

Die genetische Varianz sinkt mit sinkender Anzahl Elterntiere. Mit Embryotrans¬

fer beträgt der Verlust an genetischer Varianz, je nach Anzahl Sires und

Zuchtmodell zwischen 34% und 46%. Obwohl nicht nachgewiesen werden

konnte, dass innerhalb der untersuchten Zeitspanne der Verlust an genetischer

Varianz einen signifikanten Einfluss auf den Zuchtfortschritt hatte, darf der

Verlust an genetischer Varianz, auch im Hinblick auf weitere Generationen

und der Erhaltung der genetischen Vielfalt, nicht ausser Betracht gelassen

werden.

Der Inzuchtgrad steigt mit sinkender Anzahl Eltern sehr stark an. Im weiteren

hat eine tiefere Heritabilität, als Konsequenz der Selektion mittels BLUP und

Tiermodell, einen höheren Inzuchtgrad zur Folge. Bei einer Limitierung des In¬

zuchtzuwachses auf 15% innerhalb von 12 Jahren können bei h2>0.25 nur noch

Schemata mit 64 Ziegen und 16 Böcken oder 128 Ziegen und mindestens 8

Böcken zur Anwendung kommen. Dieser Anstieg der Inzucht bei sinkender

Elternzahl ist viel stärker als der Anstieg des Zuchtfortschrittes oder des Nutzens.

Wird also anstatt nach dem Zuchtfortschritt bzw. dem Nutzen nach dem

Zuchtfortschritt per Inzuchtzuwachs bzw. Nutzen per Inzuchtzuwachs optimiert,

so ändert sich die Rangreihenfolge radikal. Den grössten Zuchtfortschritt oder

Nutzen pro Inzuchtzuwachs verzeichnet, unabhängig vom Modell und

Heritabilität, immer das Schema mit 128 Ziegen und 16 Böcken.



4. Discussion 102

Unter den gegebenen Umständen ist der Aufbau einer Nukleusherde für

Ziegen eine sinnvolle und erfolgsversprechende Alternative zur Landeszucht.

Der Einsatz von MOET Ist unter den gegebenen Umständen zu verwerfen.

Prüfenswert ist jedoch die Steigerung der Wurfgrösse auf 3-4 Zicklein pro Wurf

durch Hormonbehandlung ohne Embryotransfer.
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