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Station tests are conducted in order to reduce environmental effects 
and to estimate breeding values. Optimal use of the results by computing 
selection .indices requires some knowledge about the variance components 
involved. But their estimation is very d iffic u lt i f  only l i t t l e  AI is prac
tised and sires are mated mainly within herds. The questions of this in
vestigation, which is not yet finished, are: Which models and which methods 
of estimation should be used? Is i t  possible at a ll to estimate variance 
components with a minimum accuracy on the basis of the present testing 
schemes?

Models
Certainly the effects of time, sire, dam and some regression variables have 
to be considered in a model for observations. But additionally effects of the 
herds, where the piglets comefrom, are a very important factor either because 
of environmental after-effects or because of substantial genetic differences 
between the dams of different herds. Thus the model would be (neglecting 
interactions):

y = p + b ( ) * Ti ♦ Hj ♦ Gk -  Skl ♦ Dijk l ♦ e
regression herd sire dam

time group of sires 
(e.g.month)

random effects: S, D, e
fixed effects: a ll the others
sires were grouped according to their year of birth

I f  two females are tested out of a l i t te r ,  then one possibility to 
reduce the complexity of the model is to sp lit the data into two parts. One 
subset contains one animal out of each l i t te r  and the second subset contains 
the other l i t t e r  mate. Both sets of data can be evaluated by half sib analy
sis (without the dam's effect in the model) and the results combined with
out any loss of information. In this way an estimate for the most important 
component, the sire variance may be obtained. The error component is an
estimated + d2 .________ D e
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I f  i t  is desired to estimate the dam variance, too.ODe can carry out a 
simple analysis of variance with the sources of variation “between litte rs"  
and "within litte rs " . This yields an estimate for the error variance, d2 .
The dam variance is found by subtraction from the error component of the6 
previous analysis. I t  may be used to estimate c2-correlation between l i t te r  
mates due to dominance and maternal effects.

This procedure and the evaluating of the complete set of data with both 
l i t te r  mates are easily carried out i f  herd effects are neglected. I f  the 
entire data set is analysed, both l i t te r  mates must be alloted to the same 
level (e.g. month) since they received the same treatment. In our analyses 
we computed the mean date between the slaughtering days of both pigs and 
alloted both observations to the respective month. As a result the dams are 
nested within sires and within months. ( I f  the l i t t e r  mates are alloted to 
different months according to their respective slaughtering day, then the 
slower growing pig is always alloted to a la ter month and this results in 
quite impossible estimates for the time effects.)

Analyses without herd effects in the model
In the f irs t  part of this study the herd effects were neglected. A f irs t  
analysis was performed for the two subsets of data assuming the model:

Y = p + b ( ) + T̂  + + "*kl + e
Method "Henderson 3" was applied by using Harvey's program. A second 

analysis was carried out for the entire data including the dam in the model:
Y = u + b ( ) + T- + G, + S,, + D-,. + eH ' '  i k kl iklm

Again Hendersons method 3 was applied using the reductions R (F) = R (p, b,
T, G), H (F,S) = R (|i, b, T, S) and R (F,D) = R (p, b, D).

Here F is used instead of a ll fixed effects.
This model is not identical to model type 5 in Harvey's program as 

the dams are nested within time classes. Nevertheless the program can be 
applied i f  properly used. I t  then leads to the same estimates as our own 
program.

In both analyses we obtained very high heritab ilities  which were un
realis tic  as for example 0,47 for backfat thickness and 0,84 for eye muscle 
area. All heritabilities for carcass quality and meat quality tra its  were 
very high. From this result we conclude that there are great genetic 
differences between the herds because environmental after-effects are un
like ly  to be important for quality characteristics.

Heritabilities were not overestimated because of the relationship of 
the dams which are mated to one sire. This relationship had been accounted 
for in an approximative way. Many tra its  (16) were analysed and thus i t  is 
also very unlikely that all the estimates were that high because of the 
sampling error.

I f  after-effects exist, then herd effects have to be included in the 
model. I f  there are genetic differences between the dams in different herds, 
this may also be taken into account by including herd effects. Another 
possibility would be to estimate variance components in a model in which the 
relationship matrix between the breeding values of sires and dams is taken 
into account.
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Analyses with herd effects in the model
A great number of analyses were presented in the literature where nested models 
were assumed, either with sires nested within herds or herds nested within 
sires. The problem is that the results were sometimes very different and the 
authors did not know which kind of hierarchy was appropriate to their data.

The material of our testing station contains four types of data which 
are demonstrated in graph 1.

Graph. 1: Association of herds and sires (after STORCK, 1978)

sires
1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24

The different types may be characterized as follows:
type I : "one sire one herd, one herd one sire 
type I I  : "one sire, one herd, one herd several sires" 
type I I I :  "one sire several herds, one herd one sire" 
type IV : "unbalanced two-way classification"

Data of type I are surely not useful for a separation of the sire and 
herd effects. Data of type I I  and I I I  show a nested structure and can be 
analysed using the corresponding nested models. But these nested analyses will 
.give unbiased estimates for the sire variance only i f  there is a completely 
random association between sires and herds. In practise, however, sire effects 
and herd effects are not independent of each other. Superior sires w ill be
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used more frequently in herds which are also superior for genetic and/or 
environmental reasons. There may be a correlation between sire effects and 
herd effects. In any case we do not have the ordinary variance component 
model with independence of herd and sire effects. This may be one reason for 
the extreme estimates found by many authors who applied nested models.

Unbiased estimates can be obtained from factorial analyses based on 
data of type IV. Of course this data set may be very small in populations 
where only l i t t le  AI is used. Therefore i t  is necessary and probably feasible 
to apply the more accurate methods of variance component estimation as for 
example maximum likelihood estimation.

Disconnectedness
The data of type IV consist of many disconnected subsets which are mostly 
very small. I t  is intended to apply the methods "Henderson 3 " and “maximum 
likelihood" to the data of type IV. The computations w ill be very facilitated  
i f  i t  is possible to analyse subsets separately. Therefore a computing 
strategy and program were developed to separate the four different types of 
data and the subsets of type IV. Data from the testing station of Baden- 
Wurttemberg out of the years 1977 to 1980 were analysed by the program.
The results are given in table 1.
Table 1: Disconnected subsets of data from a pig station

type of 
data

number 
of sires

number 
of herds

number
of offsprinq

independent 
data sets

1 35 35 108 35
2 364 93 1514 93
3 3 6 24 3
4 505 140 2656 26

total 907 274 4302 160

Only about 60 % of these data belong to type IV and can be evaluated by a 
factorial analysis.

There may be further disconnectedness i f  the time effects are considered 
as a third factor. But the 26 subsets of data type IV are probably already 
small enough to be analysed despite their disconnectedness.

Many questions have s t i l l  to be answered in order to find the appro
priate model and the best method to estimate variance components of such data 
and their sampling errors. Nested models and also analyses using running 
averages as an adjustment for time effects sometimes yield reasonable estimates. 
But we believe that these results are questionable. Running averages may be 
useful for the estimation of breeding values but not for the estimation of
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the sire variance and additive-genetic variance i f  the number of sires per 
time period is small.

SUMMARY

Models and methods of variance component estimation from pig data are 
discussed for the situation were 2 females per l i t te r  are tested and 
only l i t t le  AI is practised. -Models with and without effects of the 
herds were the piglets come from are suggested. Hendersons Method 3 
is used to obtain unbiased estimates for the sire and herd variances 
also i f  both effects are not independent from each other. Application 
of this method is facilitated by partitioning the data, into many dis
connected subsets which are then analysed separately. A computing 
strategy and program are given for the separation of the subsets.

RESUMEN

Se discute modelos y m&todos de la estimaci&n de componentes de la variancia 
de caracteristicas productoras porcinas para una situaci&n de control de 
rendimiento de dos hermanas por camada y poca aplicaciBn de la inseminaciBn 
a rt if ic ia l. Se presenta modelos considerando o no los efectos de los hatos de 
las fincas de procedencia. Se aplica el metodo 3 de HENDERSON para la estimaci&n 
insesgada de variancias del semental y de la finca para el caso de que existl?n 
relaci&nes entre los dos efectos. La aplicaciBn de este metodo se fa c ilita  
partiendo los datos en varias submuestras desconectadas para anSlisis aparte.
Se presenta una estrategia computadora y un programa para la seperacion de las 
submuestras.
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