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SUMMARY

Historical developments in the Danish pig breeding program are briefly reviewed. 
The current selection index is described and preliminary results on estimation 
of genetic trend are presented. Possibilities for improving the breeding program 
are discussed.

INTRODUCTION

In Denmark breeding work in swine goes back to the beginning of the centu
ry. In those days as it does today exports of slaughtered pigs played a major 
role in the pig industry and has had a big influence on the choice of breeding 
goals in the Danish breeding program. In this paper we briefly review seme of 
the developments of the pig breeding program in recent years and changes that 
are likely to take place in the near future.

Historical developments and present population structure.

Shown in table 1 are raw means of traits of economic importance since the 
fifties until 1984. Fran the beginning of the century until the early seventies, 
selection pressure was on percent meat, measured as back fat thickness. Accuracy 
of percent neat measurement increased in the late sixties with the building 
of carcass evaluation centres. During most of the seventies selection pressure 
was on meat quality measured as KK-index (Pedersen, 1979) but from the late 
seventies pigs were selected on the basis of a selection index. This change 
took place when producers realized that it was more profitable to improve daily 
gain and feed conversion efficiency than slaughter quality only.
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Table 1. Test Station Results for Danish Landrace.

ADG FE PCM Meat quality 
Meat colour KK-index

Side
fat

Area 1. 
dorsi

1957-58 685 2.95 - 2.38 - 27.5 -
1962-63 673 2.97 - 2.28 - 2 2 . 6 29.2
1967-68 681 2.94 6o.o 2.23 - 18.5 32.5
1972-73 735 3.18 62.6 2 .o8 - 14.6 35.1
1977-78 739 2.98 63.0 - 7.17 13.7 35.8
1979-8o 742 2.94 63.9 - 7.39 13.3 37.5
198o 771 2 . 8 6 64.4 - 7.47 13.2 36.8
1981 791 2.81 64.8 - 7.41 13.o 38.6
1982 8o3 2.74 65.1 - 7.14 12.3 38.2
1983 8o5 2.71 65.2 - 7.18 1 2 . 1 38.1
1984 835 2.65 65.0 6.97 1 2 . 2 37.8

ADG = average daily gain (25-9o kg);
FE = food conversion efficiency (food/gain); 
PCM = percent meat in the carcass.

Test stations have been used in Denmark since 19o7. The way test stations 
have been used varied over the years but today, in 9 test stations, 35oo groups, 
consisting of 1 boar, 1 castrate and 1 gilt are tested each year. The group 
is taken from each breeding sow, usually from first litters only and the test 
period is frcm 25 to 9o kg. Gilt and castrate are slaughtered and amount of 
meat and meat quality are estimated on the carcasses. The boar is performance 
tested and a proportion of performance tested boars is bought by the artificial 
insemination (A. I.) centres and are subsequently progeny tested when they are 
bred to breeding sows. In the breeding herds, 5o% of all matings are through 
A. I. About loo boars are kept in A. I. stations and approximately 35o of these 
are replaced every year. Ninety five percent of the boars are selected across 
herds. Fifty percent of the breeders have minimum disease (SPF) herds and tes
ting facilities are divided into two parts. Within each part, testing groups 
are allocated at random to test stations.

Todate 14 million pigs are slaughtered annually, of which 85% are exported. 
Thirty percent of all matings in the country are through A. I. Seventy five 
percent og slaughtered pigs are crosses of which almost all ccme frcm first 
cross females of Landrace x Yorkshire and backcrossed to either Yorkshire or Du- 
roc as a terminal sire line. Table 2 shows the present composition of the 
breeding herds and the contributions frcm each breed. The Yorkshire has been 
increasing since the late seventies and today is the major breed.
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Table 2. Number of Breeding Herds and Approved Sows (1985).
DL YK D H

SPF CONV SPF iCONV SPF CONV SPF CONV TOTAL
Herds 29 77 55 3o 35 29 lo 7 272Sows 665 1255 1857 628 7o9 354 96 149 5713
DL = Danish Landrace; YK == Yorkshire; D = Duroc; H = Hampshire;; SPF = minimumdisease herds; CONV = conventional herds.
Phenotypic means fron 1983 to 1985 for the four breeds are shown in table 3.
Table 3,. Phenotypic means in the four breeds.

ADG FE
1983 1984 1985 1983 1984 1985

DL 8o5 835 839 2 . 2 1 2.65 2.54Y 948 922 95o 2.44 2.41 2.3oD 924 899 917 2 .6o 2.51 2.44H 882 877 914 2.73 2.57 2.83
PCM KK-index

1983 1984 1985 1983 1984 1985
DL 65.2 65.o 65.4 7.18 6.97 5.41Y 64.9 64.9 65.9 6 .8o 6 . 6 8 5.77D 62.3 63.2 64.2 6.48 6.61 6 . 1 1H 63.o 64.5 63.5 7.3o 6.76 5.54
DL = Danish Landrace; Y = Yorkshire; D = Duroc; H = Hampshire;
ADG = average daily gain, FE = food/gain, PCM = percent meat, KK-index = a mea
sure of meat quality.

The present Selection Index. Predicted and Estimated Responses to Selection.

In the Danish breeding system, testing and selection tale place continuous
ly . The index is made available to the breeders on a weekly basis.

The genetic parameter estimates on vdiich the index was originally based are 
shown in table 4. These were obtained from test station data fron the Danish 
Landrace breed from 1974 to 1976.

The current selection index uses information on half and full sibs, perfor
mance data and progeny data. Table 5 shows the breeding goal and economic 
weights. The economic weight on meat quality (KK) is chosen so that meat quality 
remains unchanged.

The data ̂ are first corrected for station season effects using least squares 
procedures. Sires, treated as fixed, are also included in the model in an at
tempt to correct for genetic trend. Each month, the index is initially computed 
using the estimated populations means for each trait obtained in the previous 
month. Subsequently, the population means of the current month are recomputed 
so that deviations across animals sum to zero and the index is calculated again
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on the basis of these updated means.

Tabel 4. Genetic Parameters Estimates for Danish Landrace. Data from Test Stati
ons 1974-1976.

ADG FE PCM KK
ADG o.26 -o.53 -0.33 -o.lo
FE -o.51 o.43 -o.o2 o.lo
PCM -0 . 3 9  o.ol o.6o -o.o4
KK -0.17 0.19 -0 . 0 8 0.44

Heritabilities in diagonal; genetic correlations below the diagonal and phenoty-
pic correlations above the diagonal.
ADG = average daily gain from 25 to 9o kg;
FE = food conversion efficiency (food/gain);
PCM = percent meat;
KK = meat quality index.

Table 5. Breeding goal and Economic Weights in the Danish Selection Index (Da-
nish Landrace).

Danish krone/unit
Before 1985 Fran 1985

ADG 0.14 0 . 2 2

FE - 1 2o - 1 2o
PCM 7 5
KK lo 25

Table 6 shows predicted responses in the different components of the ag
gregate genotype assuming truncation selection on the index. These predictions 
provide approximate guidelines against which estimated responses can be inter
preted.

Estimated responses from two partially overlapping data sets are shown 
in tables 7 and 8 . The estimates in table 7 for average daily gain from 25 to 
9o kg (ADG) and side fat thickness adjusted to 9o kg (SF) were obtained using 
a univariate reduced animal model (Quaas and Poliak, 198o) with full pedigree 
information.

rThe mixed model in both breeds included about 26o station season effects 
(fixed) and 15.ooo breeding values (randan). In both breeds there were approxi
mately 6 . 0 0 0  boar records from July 198o until July 1985. There were also about
9 . 0 0 0  ancestors without records that went as far back as 1975. The analysis 
was done within breeds; after solving for all breeding values, the estimates 
were averaged by year of birth and regressed on years. Average daily gain in 
both breeds shows considerable response. Side fat thickness seems to be increas
ing in both breeds albeit at a very small rate.

146



Table 6 . Predicted Response to Selection (from 198o estimates of parameters 
and economic weights).

Females Males
Proportion selected 3o% lo%
Generation interval (yrs.) 2.3 1.7

Amount of information
Full-sib groups Half-sib groups Progeny groups

Males 1 3 3
Females 1 3 1

ADG (gr)(1)
Genetic Gain/Year D.krone

14.8 1.96FE -o.o62 7.44
PCM (%) 0.43 3.olKK o.ol2 0 . 1 2

12.53
(1) When the boar's performance test is included, the predicted response for ADG
is 15.5 gr/year.

Table 7. Estimated Response to Selection per Year (198o-1985) (Boar data).

ADG (gr) SF (mm) (1)
Danish Landrace 19.7 0 . 2 1
Yorkshire 13.8 0 . 0 8

(1) Predicted response: - 1.1 mm/yr.

Table 8 . Estimated Response to Selection per Year (198o-1983) Gilt and castrate
data).

FE KK
Danish Landrace -0 . 0 6 _
Yorkshire -o.o4 -o.l

Table 8 shows estimates of response from a smaller data set using a model 
that included group of sire, group of dam and station season effects as fixed 
and sires (within groups of sires) as random. Sires were assumed (incorrectly) 
to be unrelated. Table 7 shows maximum likelihood estimates of group effects 
regressed on years. Food efficiency shows improvement in both breeds while meat 
quality is deteriorating. A fuller discussion of estimation of genetic trend 
in the Danish breeding program will be presented elsewhere. We should mention 
here however that a variety of reasons can be invoked to explain discrepancies 
between observed and estimated responses. Of these, probably the most relevant 
are:
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i) Sampling errors and selection bias in estimates of genetic parameters used 
in an index with strongly antagonistic traits;

ii) the difficulties of correcting for station season effects using least squa
res procedures in a population which shows genetic trend;

iii) non-randcm selection of the animals that comprise the group sent to the 
test station not accounted for by the model.

The future
This preliminary analysis suggests that the index has been succesful in im

proving daily gain and food conversion efficiency, while meat quality shows 
a small negative trend. If a more complete analysis of our data confirms these 
trends, reestimation of genetic parameters and modification of economic weights 
are two possible steps that can be taken to revert undesirable changes.

There are two possible changes that can improve the efficiency of our breed
ing program: one is a change of statistical methodology, the other of a structu
ral nature. The use of the selection index has improved the aggregate genotype 
but partly as a consequence of this, it is becoming increasingly more difficult 
to obtain unbiased estimates of fixed effects and hence of predicted breeding 
values. The use of mixed model procedures with a full animal model should lead 
to more accurate predictions of breeding values of candidates for selection. 
Fixed effects are estimated simultaneously and genetic, trend is properly accoun
ted for, all breeding values being expressed as deviations from the sample of 
animals that are treated as the base. The possibilities of using such a procedu
re are currently being investigated.

The second change is of a structural nature. The test stations have been 
useful to compare animals in as similar environmental conditions as possible. 
However there are a number of problems associated with them, such as disease 
problems, genotype-environment interactions, and the fact that only three mem
bers of a litter can be performance tested. A more desirable structure would 
be to concentrate the breeding efforts in large breeding herds and practice mo
nitored on herd recording of the whole litter. With the availability of A. I. in 
our country, and using mixed model procedures, breeding animals could readily be 
compared across herds. Using whole litter information the predicted increase in 
Danish krone per animal per'year relative to the current system is of the order 
of 2o%. An interesting problem that needs solution is how to make optimum use 
of test stations in such a breeding structure.
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