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SOWAR?

The field performance test was introduced in Sweden in 1967 (Sundgren, 
1973). It includes the measurements of ultrasonically measured si defat and age 
corrected for weight at performance test. In 1983/84 14,379 boars and 16,628 
gilts in the breeding herds were ultrasonically performance tested which means 
that about 2.6 pigs are tested per litter.

Intense use of field performance testing is without doubt the best way to 
make rapid genetic progress in pig breeding. However, with selection limited to 
age at a given weight, together with a limited number of fat measurements, the 
risk of detrimental correlated responses is likely to be large. Some of these 
responses can be dealt with on live animals on the farm, such as visual gait 
and mating problems. However, for example, meat quality traits and direct 
osteochondrosis measurements have to be taken on carcasses. New techniques, 
like the datatomatograph (Vangen, 1984) may change this situation drastically. 
However, doubts remains as to whether this or similar techniques can totally 
replace measurements on carcasses. As ongoing progeny/sib test is a valuable 
complement to the performance test in attempting to solve the problem of 
unwanted correlated responses. In addition to the traits that can only be 
measured on carcasses, information is also given on dressing percentage, feed 
efficiency and on the traits selected for in the performance test. Also the 
definition of breeding objectives and elaboration of new measures can be 
significantly facilitated.

The aim of the present study is to clarify which traits we have to' 
consider in both tests and outline possible ways of combining all this 
information into breeding values for candidates of selection.

AVAILABLE INFORMATION IN THE SWEDISH PIG BREEDING PROGRAfWE 

Performance testing

Performance test results were studied by Andersson (1979). The feeding 
intensity in the performance test is usually rather low, as indicated in Table 
1 by the low means for sidefat thickness paired with relatively high average 
age at performance test. The performance test was carried out between 80-120 kg 
weight and the mean was 82 kg. Genetic parameters were calculated by use of 
Henderson's method 3. Fixed effects included in the model were, herd, sex and 
month at performance test. Random effects were sire, dam and error. 
Heritabilities and phenotypic standard deviations are given in Table 1.

The genetic correlation between sidefat thickness and age at performance 
test are unfavourable (Table 2). The results are in agreement with estimates on
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literature data (Kennedy et al., 1985). Studies on efficiency of selection on 
unfavourably correlated traits show that the correlation estimates are critical 
to the efficiency however. Therefore there is a need for additional research 
around these correlations.

Progeny testing

The pig progeny test that was started in Sweden in 1923 (Larsson, 1973). 
Daily gain, feed conversion and various indirect lean content measurements, 
both subjective and objective, have been selected for. The test group consisted 
until 1976 of 4 littermates (thereafter 2 littermates) reared on a relatively 
high restrictive feeding scale based on the mean weight of the group. The 
dietary components have been changed on several occasions, but the feeding 
scale has been kept unchanged (Johansson, 1985). Every feed refused, is 
registered and the feed allowance is adjusted downwards immediately, so that 
refused and wasted feed are at a minimum. At end of test the total amount of 
feed allowed according to the weight scale and the amount of feed consumed by 
the pigs are calculated. The difference between these two feed amounts in 
percent of the total amount of feed allowed by the feeding scale was 
calculated, and is in this study called percentage refused feed. This 
measurement differs from voluntary feed intake, since only groups that refused 
feed are recognized and not groups which had the potential for eating more than 
the feeding scale allowed for.

Studies on progeny test measurements were made by Johansson (1985). The 
overall means together with phenotypic standard deviations are given in Table
3. The Hampshire pigs had lower daily gain, higher feed conversion ratio and a 
higher percentage refused feed than the other breeds. They were also older at 
start of test (at 25 kg live weight). Despite the higher sidefat thickness of 
Hampshire this breed had about the same percentage of lean in the carcass, 
compared with the white breeds reflecting the breed differences in carcass 
proportions. Table 3 shows the heritabilities for progeny test traits. The 
heritabilities for lean percentage and related traits are very high. The 
presence of the halothane gene is of course responsible for a part of this high 
genetic variation. Also the additive genetic relationships may differ from the 
assumed.

There were clear cut differences in s.ize of the common environmental 
effects between the white breeds and the Hampshire. The Hampshires showed 
highest common environmental effects. There are structural differences between 
herds with white breeds and Hampshires, and these can be responsible for some 
of the differences. Also experience from breeding herds shows that Hampshires 
have more disease problems in their litters and that these problems persist in 
the test period. The relatively high common environmental effects observed in 
this study for the Hampshire confirm these findings.

Genetic correlations for some traits are given in Table 4 for Landrace and 
Yorkshire. The high correlation between daily gain and feed conversion ratio is 
well known from other studies on scale fed pigs. Daily gain was also 
unfavourably correlated to meat colour. Meat colour is for the moment included 
in index with restriction of genetic change to zero. The present results 
suggest that the index must be recalculated to prevent further deterioration in 
meat colour.
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Preliminary index calculations show that percentage refused feed is 
increasing as a consequence of selection on the index in use. This is due to 
the fact that lean percentage and percentage refused feed is unfavourably 
correlated. In several countries measurements of appetite have been included in 
the index to stop selection against voluntary feed intake. In this study it was 
found that restriction of percentage refused feed to zero genetic change 
reduced rTT by about 5%. If percentage refused feed was not measured the 
reductions were about 13%.

POSSIBLE IMPROVEMENTS IN THE ESTIMATION PROCEDURE OF BREEDING VALUES

The most important gains in the Swedish selection scheme can be made in 
the estimation of breeding values from the field performance test. Kennedy
(1982) discussed different alternatives of best linear unbiased prediction for 
performance test traits with respect to computational demands, and to precision 
of breeding values. He concluded that there are real advantages in using the 
individual animal model, although computational demands can be immense. Based 
on a reduced animal model, an estimation procedure of breeding values was 
introduced in Canada for on-farm and station performance tested pigs (Hudson & 
Kennedy, 1985).

In the Swedish pig breeding scheme the crucial part is to utilize 
information from the different tests in such a way that all animals are 
comparable regardless of the source of information. The genetic correlations 
between the traits in the different tests are the keys to these comparisons. 
Johansson and Kennedy (1983) suggested that an evaluation for performance test 
within herds could be made, linking herds together by incorporation of sire and 
dam breeding values achieved in the progeny test along the lines suggested by 
Henderson (1975). Arnason (1985) presented a similar approach for multiple 
trait estimation of breeding values for horses which also meets the 
requirements for the evaluation procedure suggested by Johansson and Kennedy
1983. The multiple trait mixed model equations to be solved for each herd are 
shown in Appendix.

The number of equations to solve is large. Therefore the test results 
should be summarized to an index for at least the performance test in order to 
reduce the number of equations. Also by using a reduced animal model, equations 
for individuals without progeny records in the data, (in this case'young boars 
and gilts), can be absorbed into equations for animals with progeny (sires and 
dams) (Quaas & Poliak, 1980; Blair & Poliak, 1984). The use of an animal model 
with the relationships matrix makes it possible to abandon the rather large 
common environmental effects that exist in the performance test, and also 
utilizes information on all relatives in the herd in question for which data 
are available.

Progeny information is thus utilized from the test stations and can also 
be utilized from the performance test if the boars are used in different herds, 
as is the case in artificial insemination. The procedure is thus very flexible. 
The main feature of the procedure, if properly applied, is that it accounts for 
genetic differences between herds, provided that the data in the progeny test 
is connected, and also that animals with different sources of information can 
be compared to each other.

Disadvantages of this application of multiple trait evaluation are of
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course the computational demands and the relatively complex structure. Also, 
that the ultrasonic performance test index is calculated directly on the farm 
today, and therefore there will be some further delay before the results can be 
fully utilized. Kennedy (1982) however points out that if precorrection of data 
is made so that the random effects are nested within the remaining fixed 
effects, it is possible to utilize old breeding values and only solve for new 
equations. Approximate breeding values utilizing information on relatives and 
the animals' own performance test results can be calculated on the farm using 
portable computers (Hudson & Kennedy, 1985) for performance tested gilts and 
boars. Developments along these lines should be fruitful.

The optimum size and usage of the progeny test in relation to the 
performance test requires further investigation. If a trait that can only be 
measured in the progeny testing is unfavourably correlated to other traits 
under selection and is economically important, then progeny testing becomes 
important. If, on the other hand no such trait exists performance testing on 
farms will be the best alternative. Additionally since old animals are compared 
directly with young animals, the genetic trends are taken into account 
automatically. The present strict rules about station progeny testing of sires 
and dams should then be reconsidered. It is necessary to know the optimum 
structure and relative weighting between the tests in advance, but due to the 
complicated nature of multi-step selection this knowledge can only be 
established by simulation.

Genetic correlation between the performance test traits and progeny test 
traits were presented in Table 5 (Andersson, 1979). They need however to be 
reestimated. Since progeny tested sires and dams are originally selected on the 
basis of their performance test results, a multiple trait procedure that takes 
this into account should be utilized. This selection also explains the low 
correlations found, among corresponding traits in the two tests.

As a whole the use of mixed model methodology can substantially improve 
the estimation of breeding values for pigs and thereby also increase genetic 
progress. The costs of the extra gains achieved by using mixed model 
methodology are small in comparison with the total costs of the breeding work.
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Table 1. Overall means x phenotypic standard deviations and heritabilities 
h2 for field performance tested Landrace, Yorkshire and Hampshire pigs

Yorkshire Landrace
x h2 0 x h2 0

P P
No. of animals 11 442 35 349

No. of sires 363 902

No. of dams 2 022 5 844

Sidefat thickness 11.6 0.38±0.04 2.10 11.2 0.38±0.02 1.99

Age at perfor
mance test 183 0.32±0.03 17.5 185 0.28±0.02 18.8
Weight at 
performance test 89.3 0.09±0.02 6.79 89.8 0.13±0.01 6.75

No. teats at 
performance test 14.1 0.13±0.02 0.91 14.2 0.21±0.02 0.98
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Table 2. Genetic correlations between traits in the performance test for Land- 
race (above diagonal) and Yorkshire pigs

Sidefat thickness Age Weight, no teats

Sidefat thickness -0.01 0.40
Age -0.20 0.21
Weight, no teats 0.35 0.25

Table 3. Overall means x phenotypic standard1 deviations a and heritabilities
h2 for stationi tested Landrace, Yorkshire and Hampshire pigs

Landrace Yorkshire Hampshire
X 0

P
h2 X 0

P
h2 X a

P
h2

Lean percentage 
in carcass 58.0 2.47 0.70 57.4 2.80 0.81 58.2 2.09 0.27
Daily gain 840.8 66.1 0.23 858.5 70.5 0.36 825.0 64.1 0.28
Meat colour 23.6 3.87 0.35 22.5 3.68 0.26 21.6 2.61 0.00
Feed conver
sion ratio 2.81 0.236 0.25 2.75 0.228 0.36 2.85 0.233 0.14
Percentage 
refused feed 1.3 2.41 0.20 1.9 3.37 0.14 2.5 3.58 0.18
Age at start 
of test 83.9 8.74 0.23 88.6 9.03 0.18 95.4 8.19 0.19
Age at end 
of test 173.5 10.0 0.39 177.7 10.2 0.39 187.3 10.1 0.42
% meat + bone 
in back 73.3 3.29 0.64 72.4 3.69 0.73 72.6 2.84 0.12
% meat + bone 
in ham 78.8 2.57 0.73 79.2 2.85 0.87 80.3 2.00 0.12
Ham
percentage 26.8 0.91 0.42 26.3 0.90 0.43 27.1 0.85 0.08
Sidefat
thickness 16.8 3.28 0.60 17.0 3.46 0.65 18.0 3.09 0.12
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Table 4. Genetic correlations for the Landrace (above diagonal) and for the 
Yorkshi re

1 2 3 4 5 6 7 8 9

1 Lean 
percentage 0.31 0.20 -0.44 0.35 0.06 -0.06 -0.21 0.79

2 Daily gain 0.53 0.41 -0.96 -0.08 -0.11 -0.54 -0.85 0.82

3 Meat colour 0.32 0.35 -0.32 0.49 0.01 -0.10 -0.19 0.35

4 Feed convers
ion ratio -0.55 -0.98 -0.36 -0.14 0.21 0.60 0.84 -0.87

5 Percentage 
refused feed 0.36 -0.15 0.08 -0.05 0.10 0.23 0.28 0.10

6 Age at start 
of test 0.24 -0.00 0.30 0.06 0.04 0.86 0.26 -0.06

7 Age at end 
of test -0.03 -0.46 0.07 0.50 0.16 0.86 0.72 -0.42

8 Days in test -0.32 -0.84 -0.20 0.84 0.21 0.39 0.80 -0.70
9 Lean tissue 
growth rate 0.95 0.80 0.40 -0.87 0.20 0.07 -0.30 -0.65

Table 5. Genetic correlations between performance 
test trait for Landrace and Yorkshire sows

test traits and the progeny 
(Andersson, 1979).

Performance test trait

Station test Performance test
traits Side fat Age index

Lean percentage -0.21 -0.21 0.33

Daily gain -0.24 0.0 0.24
Feed conversion
ratio 0.14 0.16 -0.24
Age at and of
test 0.09 0.31 -0.31
Si defat 0.23 0.29 -0.39
Index for fullsibs
at home -0.24 -0.22 0.37
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