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SUMMARY

A simulation study was used to resemble various closed nucleus herds of pig 
breeding companies. Selection response of the aggregate breeding values using 
an animal model (AM) was 28.6% (24 boars/120 sows) and 32.4% (24 boars/180 
sows) higher than using selection index (SI). These results are due to the 
fact that correlation between true and estimated breeding values increased by 
25%. It has been found out that the influence of population size on selection 
response using BLUP animal model is important and resulted in 9% increase per 
year between the above mentioned alternatives.
In populations of boars with modified sequential culling (29 boars/120 sows 
and 33 boars/180 sows) BLUP leads to an optimal boar-sow ratio of 1:4 and 
1:5.5, respectively. In the last alternative with the lowest generation in
terval, rate of inbreeding using BLUP animal model is'88% higher than using 
selection index.

INTRODUCTION

In pig breeding companies, genetic improvement takes place in closed nucleus 
herds. Due to new statistical methods - e.g. BLUP animal model - better bree
ding programmes may be designed (Webb et al.. 1988). In this study two import
ant criteria, influence of population size and increase in accuracy of estima
tion of breeding values, have been analysed by using a Monte-Carlo simulation. 
Additionally, more information is obtained on the consequences of the imple
mentation of new methods for the prediction of breeding values.

MATERIAL AND METHODS

Several closed herds with different population sizes were simulated over a pe
riod of 10 years. 2 male and 2 female of each litter were performance tested 
(survival from birth to 170 days was 90%); selection criterion was the aggre
gate breeding value consisting of daily gain and backfat thickness; about 58% 
first, 28% second and 14% third parity sows are in the breeding herd; 6 boars
are in service at any time in all alternatives; sows and boars were mated ran
domly, half and full-sib and parent-offspring matings were avoided.
The model of simulation, which has been used, was suggested by Henderson 
(1987) as a possible animal model to predict non additive, direct genetic and 
maternal effects. The model consists of population mean, fixed effects (year- 
month), direct additive genetic effects (o2.), direct random environmental ef
fects (o2e), maternal genetic effects (o2ma), maternal permanent effects 

mp) and maternal random environmental effects
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Table 1 Variances of the random effects of the simulation model

trait °2a °2e a2ma °2mp °2me

daily gain 405 810 101.25 506.25 202.5
backfat thickness 1.2 2 - 0.6 0.2

A negative correlation between maternal and direct genetic effects of 0.05 has 
been assumed. Fixed effects are generated by multiplying uniform random num
bers by the maximum difference between two levels of each effect. No correla
tion between daily gain and backfat thickness has been assumed.

RESULTS

The advantages of BLUP have been investigated by comparing selection index and 
animal model within a period of 10 years with 10 replicates. Selection respon
se using an animal model was 36% in daily gain and 7% in backfat thickness 
(24/120) and 33% in daily gain and 26% in backfat thickness (24/180) higher 
compared to selection index (Table 2). This is due to an increased accuracy 
and is shown by higher pooled correlation between true and estimated breeding 
values within generation, cycle of selection and replicate.

Table 2 Mean rate (x) of response and correlation (r) between true and 
estimated breeding values averaged over 10 years in different 
population sizes using selection index and animal model

pop.
size daily 

mat. 1
gain 
) dir

animal mode] 
backfat

2)

selection index 
daily gain backfat 
mat. dir.

aggr.
BV

24-120 X 0.9 10.1 -0.32 4.5 0.9 7.4 -0.30 3.5
24-180 0.8 10.8 -0.39 4.9 1.2 8.1 -0.31 3.7

24-120 r 0.17 0.49 0.62 0.49 0.24 0.39 0.53 0.40
24-180 0.17 0.50 0.64 0.50 0.24 0.39 0.53 0.40

mat. - maternal effect; 2) dir. - direct effect; 
aggr.BV - aggregate breeding value

To examine the influence of population size, two populations of sows were sam
pled with two different populations of boars (12 and 24) and one population 
with modified sequential culling, i.e. those boars with the highest predicted 
breeding value were selected with a max. service period of 120 days (Table 3). 
Generally it is expected that selection response increases with intense selec
tion, but in this case response is higher in population with lower selection 
intensity because of shortened generation interval. Maternal genetic effects 
increase, although there is a slight negative correlation to direct effects. 
By means of index theory, it can be demonstrated that this increase is expec
ted .
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Table 3 Effects of different population size on cumulated selection response 
in year 10 using an animal model

service
period
(month) boars sows

daily gain 
mat. dir.

backfat
thickness

aggt.
BV

6 12 120 8.5 (16) 90.5 (1.8) -2.88 (0.18) 40.0 (0.8)
3 24 120 8.3 (1.0) 91.3 (3.2) -2.90 (0.10) 40.4 (1.1)

<4 29* 120 8.9 (1.0) 93.1 (2.5) -2.85 (0.19) 40.9 (0.8)

6 12 180 5.3 (1.9) 90.2 (4.2) -3.05 (0.16) 40.4 (0.8)
3 24 180 7.2 (1.2) 96.1 (4.3) -3.52 (0.13) 43.9 (0.9)

<4 33* 180 9.9 (1.6) 105.3 (4.2) -3.07 (0.20) 45.8 (0.9)

* No restriction of the number of boars/year (max.service period=120 days) 
Standard errors in parentheses

The rates of inbreeding depend to a large extent on the number of boars 
(Table 4). In populations with equal size, a considerable difference in rates 
of inbreeding is shown between animal model and selection index. The differen
ce of alternatives AM 24/180 and AM 33*/180 indicate that with a smaller gene
ration interval the rate of inbreeding increases (Hill, 1972).

Table 4 Rates of inbreeding (%) averaged over 9 years using selection 
index (SI) and animal model (AM) in different population sizes

Alter- no. of no. of inbreeding (X) response/
native boars sows offspring sire dam inbreeding (%)

SI 24 180 0.931)(0.02) 0.81 (0.06) 0.78 (0.03) 3.982)
AM 24 180 1.36 (0.06) 1.38 (0.08) 1.17 (0.06) 3.60

SI 24 120 0.93 (0.03) 0.84 (0.05) 0.80 (0.03) 3.76
AM 24 120 1.44 (0.06) 1.36 (0.06) 1.36 (0.06) 3.13

AM 33* 180 1.75 (0.07) 1.60 (0.07) 1.55 (0.07) 2.91
AM 12 180 1.96 (0.07) 1.81 (0.08) 1.72 (0.07) 2.29

AM 29* 120 1.39 (0.04) 1.27 (0.04) 1.24 (0.04) 3.27
AM 12 120 2.04 (0.05) 1.88 (0.07) 1.81 (0.06) 2.18

* No restriction of the number of boars/year (max. service period=120 days)
1) Rates of inbreeding in form of proportionate increase were calculated 

according to Falconer (1981)
2) Selection response/year of the offspring per rates of inbreeding (%)

Selection index, indicating the lowest selection response and lowest inbree
ding coefficient, results in the lowest reduction in additive genetic varian
ce. Whereas the animal model with a minimum size of boars shows the highest 
reduction (Table 5).
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Table 5 Variances of true breeding values in year 10 relative to the 
initial variances (%)

Alternative number 
of boars

number 
of sows

daily gain 
mat. dir.

backfat
thickness

selection
index

SI 24 180 100 76 80 87
AM 24 180 102 72 80 70

SI 24 120 105 83 85 83
AM 24 120 104 74 78 72

AM 33* 180 95 74 80 71
AM 12 180 96 71 75 68

AM 29* 120 102 74 82 73
AM 12 120 101 73 75 68

* No restriction of the number of boars/year (max. service period - 120 days)

DISCUSSION

In accordance with several simulation studies (Sorensen, 1988; Belonsky, 1988; 
Wray, 1989) selection response is greater using a BLUP animal model than using 
selection index. Accuracy in estimation of fixed effects, more information on 
family, the account for genetic trend and changes in genetic variance due to 
selection lead to the advantage of BLUP animal model. The results of modified 
sequential culling presented here indicate that improvement of genetic merit 
depends on population size. Referring to Belonsky (1988), who received a 
higher advantage of sequential culling, the results of this study are lower 
due to different population structure. In different alternatives, breeding va
lues of individual traits are not always in accordance with the aggregate 
breeding value. The same results have been found by De Roo (1988). The increa
se in aggregate breeding values is mainly caused by daily gain.
The increase in inbreeding results from inclusion of all family information 
using the BLUP animal model. In this study it has been assumed that dominance 
is not important. If traits caused by dominance are available, inbreeding de
pression has to be incorporated in the simulation model. The reduction of ad
ditive genetic variances is due to covariances between genotypic values of 
different loci or linkage disequilibrium (Bulmer, 1971), and inbreeding. 
According to the results presented, BLUP seems to be a method to improve gene
tic merit in nucleus herds, if population size is great enough and inbreeding 
depression is not expected.
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