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Evaluation of Dormer sires for litter size and lamb mortality using a threshold model
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Heritability estimates and breeding value predictions of Dormer sires for litter size and lamb mortality were obtained using
a threshold model. Heritability estimates on the underlying scale were 0.24 and 0.12 for litter size and mortality, respec-
tively. Breeding value predictions varied between 0.41o'?" and -0.43o2" for litter size and 0.30a22" and -0.14o2* for lamb
mortality. Probability distributions for progeny of sires across 'fixed eff'ects' were also calculated. It is concluded that a
threshold model can ef-fectively be applied for routine evaluation of Dormer sires for categorical traits.

Oorerflikheidsberamings en teeltwaardevoorspellings van Dormer vaders vir werpselgrootte en lam mortaliteit is verkry
deur die gebruik van 'n drumpelwaarde-model. Oorerf l ikheidsberamings op die onderl iggende skaal was 0.24 en 0.12 vir
fekunditeit en mortaliteit, onderskeidelik. Teeltwaardevoorspellings het gewissel tussen O.4lo2" en -0.43oi vir fekunditeit
en 0.30o2. en -0.14o2. vir mortaliteit. Waarskynlikheidsverdelings vir nageslag van vaars oor 'vaste effekte' is ook beraam.
Dit blyk 'n drumpelwaarde-model aangewend kan word vir roetine evaluasie van vaars vir kategoriese kenmerke.
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Introduction

The estimation of genetic parameters and predictions of breeding

values of the candidates for selection from observations of rela-

tives play an important role in animal breeding. If the data and

the genetic values to be predicted follow joint normal distribu-

t ions, Best Linear Unbiased Predict ion (BLUP) yields the maxi-

mum likelihood estimator of the best predictor and maximizes

the probability of the correct ranking of individuals (Henderson,

1913). However, many traits of economic importance in animal

breeding (e.g. calving ease, disease resistance, mortal i ty, type

scores, pelt traits in Karakul sheep, etc.) are measured as a

response in a small  number of mutual ly exclusive and exhaustive

categories. These variables are not normally distributed and, in

this case, Portnoy (1982) showed that linear predictors may

behave poorly for ranking purposes.

Nel ( 196l) used intra-sire regression of progeny on dam and

Henderson's method 3 for heri tabi l i ty est imates of pelt  traits in

Karakul sheep and suggested a selection index for genetic evalu-

at ion o f  an imals .  Greef f  e t  a l .  (1991)  a lso used Henderson 's

method 3 to estimate sire variances for pelt  traits, arguing that

least-squares analysis is val id i f  the values scored are an indica-

tion of quantitative differences among classes.

Schaeffer & Wilton (1916) used a linear model, developed by

Grizzle et al. (1969), for the analysis of categorical data. They

suggested that the use of BLUP methodology in sire evaluation

fbr categorical responses might be justified, given certain condi-

tions, which unfortunately are inconsistent with the assumptions

required by their model. In spite of its statistical drawbacks, this

work gave an impetus for the widespread use of BLUP in the

evaluation of sires for categorical traits (Berger & Freeman,

1978; Van Vleck & Karner, 1919, Cady & Burnside, 1982; West-

e l l  e t  a l . ,  1982) .

In recent years efforts have been made to develop procedures

of analysis specif ical ly in the area of predict ion of breeding val-

ues for categorical traits (Gianola & Foulley, 1983a; 1983b; Har-

vi l le & Mee, 1984; Gilmour et al. ,  7985; Foulley & Gianola,

1984;  Foul ley  e t  a l . ,  1983;  Hoeschele  e t  aL. ,  1986) .  The main

theoretical reason fbr not using BLUP with categorical data is

that breeding values and residuals are not independent of each

other and their marginal distributions are difficult to specify

(Gianola, 1982). A. single heri tabi l i ty does not exist on the dis-

continuous scale. To account fbr this heterogeneity, BLUP would

require a large number of parameters to be estimated, probably

very imprecisely. Heterogeneity of heritability is also affected by

the number of effects in the model and by differences between

levels (Hoeschele, 1988).

A general approach to the prediction of genetic merit from cat-

egorical data has been proposed by Gianola & Foulley (1983a;

1983b). This method is based on the threshold concept (Wright,

1934; Dempster & Lerner, 1950; Bulmer, 1980; Gianola, 1982)

and employs a Bayesian procedure for statistical inference which

allows a large range of data structures and models to be treated.

This method can be regarded as an extension of BLLIP to a type

of non-linear problem.

The purpose of this study was to estimate heritabi l i t ies lor l i t -

ter size and lamb mortal i ty and to ut i l ize these estimates in the

genetic evaluation of Dormer sires from the Elsenburg stud,

employing a threshold model.

Material and Methods

The data used in this study consisted of 5 214 records of the

progeny of 112 sires for l i t ter size and 4125 records of the

progeny of 96 sires for lamb mortality, respectively. A detailed

description of the data structure is given by Van Wyk et aL.

(1993). The traits analysed were prol i f icacy (number of larnbs

born; 0, 1,2 or 3) and lamb mortal i ty (born l ive or born dead).

The threshold model was assumed to be the same as that in Gian-

ola & Foulley (1983a). Under this model l i t ter size and lamb

mortality occur as a result of an underlying unobserved pheno-

type exceeding a given threshold (three thresholds for litter size

and one for mortality). The unobserved continuous phenotypes

are assumed to be normally distributed. For each trait a vector, p,
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of means corresponding to subpopulations determined by combi-

;ll,""r 

of levels of 'fixed' p and random s factors, is modelled

$ : X F + Z s

where

p is a vector of underlying means,
p is a vector associated with the effects of year-season (48)

and age of dam (7) for litter size and year-season (18), age

of dam (7) and birth status (3) for mortality,

s is a vector of sire effects and

X and Z are design matrices.

The s effects are assumed to be normally distributed with

E(s) = 0 and Var(s) - Ao2,, where A is a numerator relationship

matrix. The two traits were analysed separately. The solutions for

/ (thresholds), 0 and s can be computed by iterating from round

(k) to (k + 1) on the fol lowing system of equations (Gianola &

Foulley, 1983a):
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M'* ' ,  L$)r H$),and the vectors

y(t)and Q(') are defined in Misztal et al.  (1989).

Since this procedure requires the variance of s to be known,

and no literature estimates were available for the traits under con-

sideration, it was decided to estimate the sire variance from the

data by a REML-type procedure, proposed by Harville & Mee
(1 984) :

02, (* * tr = (s'A-rs + tr A-tc-t)(k)/q

where C is a part of the coefficient matrix in (l), corresponding

to the s effects, and q is the number of levels in s.

For each sire the probability distributions for progeny across
'fixed' effects were calculated, using the formula presented by

Gianola & Foulley (1983a).

Numerical aspects
Computing solutions to threshold models poses several problems

not encountered in linear model analyses. Many of these prob-

lems and computing strategies were discussed by N4rsztal et al.
(1989). The computing strategy used in this study was as fol-

lows:

First the data were arranged in contingency tables. The system
(1) was created in memory, using the formulae presented by

Gianola & Foulley (1983a) and Nlisztal et al.  (1989). The f irst

threshold was set to zero, as well as the last level of each of the

m - I 'f ixed' effects. The inverse of the numerator relationship

matrix was computed using the method of Quaas (1976). The
parents were absorbed into the sire part of the matrix and only

this part was written onto the disk. The system (l) was solved by
obtaining a generalized inverse of the coefficient matrix and mul-
tiplying it by the right-hand side vector. In theory the complete
analysis requires two levels of nested iterations, one for variance

component estimation and the other for estimation of the effects

S. Afr.  Tydskr. Veek., 1994,24(4)

in the model. Convergence criteria used for both iterations were
those suggested by Misztal et al.  (1989). Since the formulae for
certain matrices and vectors in (l) involve the probability

P y = Q ( t r - p l - O ( t * - ' - p )

in denominators, where mi = xi1 + zp is a location parameter for
observations 7, and O(.) is a standard normal distribution func-

tion, it was calculated using the slSabf function from the NAG

library. In order to increase the speed for constructing the system
(1), the probabilities were first calculated for a wide range of

tt - 
W and stored in a large vector. The values of Pr* were not

allowed to drop below a certain value (P,nin = 10-1") in order to
avoid division by zero, as suggested by Misztal et nl. (1989).

Results and Discussion

The total number of rounds required to reach convergence of lO-s

for Newton-Raphson i terat ions was l0 and 12 for l i t ter size and

mortality, respectively. After five rounds of Newton-Raphson

iteration, two rounds of REML-type iterations were performed.

Convergence was reached after 12 and 14 rounds for litter size

and mortality, respectively.

Solutions for thresholds, age of dam and birth status are pre-

sented in Table l. They are expressed in units of residual stand-

ard deviations of the underlying variable.

The results showed that prolificacy increased with age,

although ages 6 and 7 seemed to escape from this pattern. There

was no trend in age effect for lamb mortality. It should be pointed

out that more data per age group are needed to assess the effect

of dam's age for lamb mortality.

For this trait birth status was added as an additional 'fixed'

factor. It is interesting to note that the elimination of birth status

from the model caused an increase in the prediction error vari-

ance for sires from 0.2114 to 0.2169. A sl ight change in sire

ranking was observed as was the case when birth status was

excluded from the model. Hence, it was decided to include birth

status in the model for analysis and the results are shown in

Table 1 Solutions for age of dam
and birth status

Litter size Mortality

I  la '  u<ot L(k) + H(k) LG)'  MG) x L@' M@ z I  i , - l ,o.  
' ,

l x , u@y@ x ,MG)x  x ,MG)z  l " lB l
lz,,y(k) 7t*l z,MG) x z, M(k) z + c-t ) Lt-l

Thresholds

I

2

J

Age of dam

2

J

A

5

6

1

8

Birth status

I

2

J

0.0000000

0.822t543

2.1843010

|.2802n',7

t.5464498

l. '7578906

r .7 ,s83555

r  .6700321

1 . 6 4 1 8 8  t 3

r .9350504

0.0000000

0.07'79802

a.t529198

0.0441869

-0.0585607

-0.0696860

0.0702t99

0.0000000

-t.493314'7

- r .52538-s0

-0.9t4t237
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Table 1. As one would expect, there were more deaths with tr i-

plets than with twins and single-born animals. Al l  est imates

were, however, negative signs, which is probably due to the data

structure used for analysis.

Table Z contains the estimated sire variances and heritabi l i t ies

for the traits under consideration. Heritability estimates for litter

size and lamb mortality were 0.24 and 0.12, respectively. No ref-

erences in which a threshold model was applied to estimate herit-

abilities for these traits have been found. The results from this

study suggest that improvement by means of selection fbr the

traits analysed is possible.

Table 2 Estimates of sire variances
and her i tabi l i t ies on under ly ing scale

Trait Sire variance Heritabil itv

t2l
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Litter size

Lamb monality

0.064516

0.029928

0.243

0 . r  l 6

Table 3 shows features of the sire evaluation fbr litter size and

lamb mortality. In addition to the breeding values, probability

distributions for progeny of sires across 'fixed' effects were cal-

culated. The best sire had a breeding value estimate of 0.4lo2e

lor l i t ter size. The corresponding value for mortal i ty was
-0.  l5o2e.

Table 3 Features of the sire genetic evaluation for

l i t te r  s ize and lamb mor ta l i ty

Litter size Mortality

Best sire Worst sire Best sire Worst sire

12 30

-0.1465 0.3004

62.'75 61.31

Extreme evaluations for sires are not consistent with extreme

observed percentages per sire. For example, the best evaluated

s i re  for  l i t te r  s ize had progeny wi th  6 .4 ,  16.1,63.4 and 14.17c in

categories 1,2,3 and 4. The corresponding observed percentages

for this sire were 31.0, 9.7, 7.0 and 52.3o/c,,  respectively. Crude

percentages are not good indicators of l i t ter sizc and lamb mor-

tal i ty and they should not be used fbr sclect ion purposes.

This study shows that the threshold model can effect ively be

applied for routine evaluation of sires for categorical traits in

Dormer sheep. Although the current version of the programme

uses matrix inversion, i t  is not dif f icult  to make the necessary

modif icat ions and employ some of the i terat ive procedures avai l-

able to obtain solut ions for the ef-tects in the model. To estimate

lar-qe data sets with several variance components along with the

breeding vAlues, the ' t i lde-hat '  approach of Van Raden & Young

(  I  988)  cou ld  be used,  as shown by Manfred i  er  n l .  (  l99 l  ; .
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Sire solution 0.4091
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