
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 
 

Genetic parameters for individual birth weight, weaning weight and final weight of crossbred pigs  
from Piétrain boars 

 
M. Dufrasne*,†, J. Wavreille‡, M. Piedboeuf§ and N. Gengler* 

*University of Liege, Gembloux Agro-Bio Tech, Gembloux, Belgium, †Fonds pour la formation à la  
Recherche dans l’Industrie et dans l’Agriculture, Brussels, Belgium, ‡Walloon Agricultural Research  

Centre, Gembloux, Belgium, §Walloon Pig Breeders Association, Ciney, Belgium 
 
 

ABSTRACT: Genetic parameters for birth weight (BWT), 
weaning weight (WWT), and final weight (BW) were esti-
mated for crossbred pigs from Piétrain boars raised in test 
station. Estimates of direct heritability were moderate (0.25 
to 0.42), suggesting that genetic improvement of growth 
would be possible. Estimates of maternal heritability were 
0.24 for BWT and WWT, and 0.05 for BW, indicating that 
the genetic influence of the dam on growth was not negligi-
ble until weaning. Genetic correlations between direct and 
maternal effects for BWT and WWT were moderate and 
unfavorable (-0.52 and -0.57 respectively). Direct genetic 
correlations were high and favorable between traits (0.40 to 
0.75), suggesting that a high BWT is a good predictor to 
produce pigs with high final weight. Maternal genetic cor-
relations between traits were low (0.01 to 0.03). Selection 
for higher BWT would increase final market weight but 
should be balanced with survival traits. 
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Introduction 
 

Genetic selection and breeding programs are a 
good way to improve the efficiency of pork production. In 
addition to production traits (growth, carcass and meat 
quality), many breeding programs focused on reproduction 
traits like sow prolificacy or birth weight (BWT) to increase 
the number of pigs reaching full market value. The result 
was that selection to improve sow prolificacy led to an 
increase of litter size at birth. However, an issue was the 
negative relationship between litter size and BWT. Indeed, 
larger litter is related to lighter piglets at birth and larger 
BWT variations within litters. Moreover, differences in 
weight between light and heavy piglets at birth are often 
maintained and even increased during growth (Milligan et 
al. (2002)).  

 
Several studies have reported that piglet BWT is 

an important economic trait in pig production because of its 
relation with later performances like piglet survival, growth 
rate, carcass composition, and meat quality. Indeed, a low 
BWT is related to more risk of preweaning mortality, a 
reduced weight gain during the production period and fatter 
carcass. Therefore, those pigs would require more days to 
reach market weight and produce lower quality carcass at 
market weight (Gondret et al. (2005); Arango et al. (2006); 
Bérard et al. (2008); Rehfeldt et al. (2008); Fix et al. 

(2010)). As economic gain in commercial swine production 
mainly results from pigs reaching full market value, selec-
tion programs implemented to improve production traits 
should not forget weight recorded in early life, like BWT 
and weaning weights (WWT). 

 
Since 2007, a new genetic evaluation system of 

Piétrain boars for crossbred performances has been devel-
oped in the Walloon Region of Belgium. Piétrain boars are 
now progeny tested in test station in crossbreeding with 
hyperprolific Landrace sows. As Walloon pig producers 
widely use hyperprolific sows to produce commercial pigs, 
they are concerned about the loss of BWT and its conse-
quences coming from larger litters. Therefore, the objective 
of this study was to estimate variance components and 
genetic parameters for individual piglet BWT, WWT, and 
live body weight (BW) at the end of the fattening period in 
a crossbred population of pigs selected to enter the proge-
ny-test in test station in the Walloon Region of Belgium. 

 
Materials and Methods 

 
Progeny testing scheme. Boars are provided by 

Walloon Piétrain breeders and by the artificial insemination 
center. Sows are from the hyperprolific Landrace K+ selec-
tion program (www.ciap-belgium.org) and provided by the 
Walloon Agricultural Research Centre (CRA-W). Every 10 
weeks, 6 selected Piétrain boars are randomly mated to 
sows. Piglets are weighed within about 4 days of age. Pig-
lets are weaned at 4 weeks of age, weighed and then select-
ed to create batches of about 100 animals that entered the 
test station. The aim is to have between 16 and 25 piglets 
per tested boar from 5 different sows. Boars from the artifi-
cial insemination center are used to connect different batch-
es. The progeny-test in test station starts when piglets weigh 
about 20 kg at maximum 6 weeks of age and ends when 
pigs weigh about 110 kg. Data are recorded on castrated 
males and females. In the test station, piglets are randomly 
assigned in groups of 4 per pen. Every 15 days, pigs are 
weighed and the total pen feed intake is recorded. The week 
before slaughter, backfat thickness, loin muscle depth and 
meat percentage are recorded on live animals by ultrasound 
using the Piglog 105 apparatus. Additional carcass quality 
traits (e.g. backfat thickness, meat percentage, carcass 
weight, conformation index) are recorded at the slaughter-
house on carcasses. 

 



Data. Data used in this study were recorded on 
piglets selected to enter the progeny-test, between 2007 and 
2013. After discarding records with incomplete or incon-
sistent information, individual piglet BWT records (record-
ed within about 4 days of age) were available for 2,270 
piglets from 91 different sires and 190 different dams. Of 
those pigs, 2,071 had WWT records and 2,192 had live BW 
recorded at the end of the fattening period. Mean age at BW 
measurement was 192 ± 11 days. Pedigrees were traced 
back 10 generations, and a total of 8,148 animals and 395 
litters were included. Contemporary groups were defined on 
the basis of piglets born during the same year and month for 
BWT and WWT, and on the basis of year and month of 
recording for BW. 

 
Statistical analyses. Models used to estimate ge-

netic parameters were bivariate animal models with the 
genetic effect composed of a direct genetic effect and a 
maternal genetic effect. The general equation of the model 
developed was  

 
y = Xb + Za + Wm + Uc + e, 

 
where y is the vector of observations, b is the vector of 
fixed effects, a is the vector of random direct animal genet-
ic effect, m is the vector of random maternal genetic effect, 
c is the vector of random common litter effect, e is the 
vector of random residuals, and X, Z, W, and U are inci-
dence matrices that relate observations to various effects. 
 

For each model, fixed effects were sex (female or 
castrated male), and contemporary groups, different accord-
ing to traits as defined above. Ages at recording were de-
fined as linear covariables for each trait to take into account 
the variability in age at measurement. Covariance of litter 
effects was included, as well as covariances for direct ge-
netic effects, maternal genetic effects, and covariances 
between direct and maternal genetic effects for BWT and 
WWT. 

 
Estimation of (co)variance components and their 

SE, obtained as SD of the posterior distribution, were ob-
tained with a Gibbs sampling algorithm, using GIBBS2F90 
program. The program POSTGIBBSF90 was used for post-
Gibbs analysis (Misztal et al. (2002)). Single chains of 
150,000 cycles with a burn-in of the first 20,000 iterations 
were run. Every sample was retained to compute mean and 
SE of the posterior distributions. 

 
Results and Discussion 

 
The mean BWT was 2.35 kg with SD = 0.41 kg. 

Because BWT was not recorded within 24 hours of birth as 
usual, but within about 4 days of age, what we considered 
as BWT was higher than values commonly reported in 
literature. The mean weight at weaning was 7.85 kg with a 
SD = 1.01 kg at a mean age of 26 days. The mean live BW 
at the end of the growing period was 113.07 kg with a SD = 
10.85 kg at a mean age of 192 days. Phenotypic correlations 

were 0.10 between BWT and WWT, 0.16 between BWT 
and BW, and 0.11 between WWT and BW. 

 
Table 1. Estimates (SE) of direct heritability, maternal 
heritability and common litter effect for birth weight 
(BWT), weaning weight (WWT), and final weight (BW) 
of crossbred pigs 
Effect BWT WWT BW 
Direct herit-
ability 0.25 (0.07) 0.42 (0.08) 0.27 (0.05) 

Maternal 
heritability 0.24 (0.07) 0.24 (0.06) 0.05 (0.02) 

Common 
litter effect 0.19 (0.04) 0.09 (0.03) 0.03 (0.02) 

 
 
Estimates of direct heritability, maternal heritabil-

ity, and common litter effect with their SE for traits are 
presented in Table 1. Estimates of direct heritability were 
0.25 for BWT, 0.42 for WWT, and 0.27 for BW. Estimated 
heritability for BWT was higher than values usually report-
ed in literature. Indeed, the majority of study reported direct 
heritability of BWT lower than 0.10 (e.g. Grandinson et al. 
(2002); Arango et al. (2006)). However, another study 
reported a higher value of heritability for BWT (0.36) for 
crossbred pigs under outdoor conditions (Roehe et al. 
(2010)). A possible reason that might explain this high 
heritability of BWT could be the fact that it is not exactly 
the BWT recorded within 24 hours of birth as usual, but 
weight recorded around 4 days of age. Because heritability 
of weight increases with age (Edwards et al. (2006); Har-
aldsen et al. (2009)), estimated heritability of BW at 4 days 
of age was somewhat higher than heritability for weight 
recorded the day of birth. As for BWT, estimated heritabil-
ity for WWT was high (0.42) compared to other studies 
(e.g. Kaufmann et al. (2000)). The estimated heritability for 
BW (0.27) was in agreement with literature estimates (e.g. 
Bidanel et al. (1994); Edwards et al. (2006); Zumbach et al. 
(2007)). An explanation for the high heritabilities of weight 
records we obtained could be the fact that data were col-
lected in a unique test station by a trained technician. 
Therefore, there could be less risk of measurement bias. 
Nevertheless, these relatively high estimates of heritability 
for weight at different ages supported the fact that growth 
traits are heritable. Maternal genetic heritability was 0.24 
for BWT, which is in agreement with results in other stud-
ies (e.g. Grandinson et al. (2002); Knol et al. (2002); Aran-
go et al. (2006)). Estimated maternal heritability of WWT 
was 0.24 and in agreement with results presented by Kauf-
mann et al. (2000). It appeared that genetic influence of the 
dam was important on weight until weaning, but decreased 
as the direct influence of the piglet genotype increased. 
Estimate of maternal heritability was low (0.05) for BW, 
due to the decreasing influence of maternal genes on 
growth with age. The genetic correlation between the direct 
and the maternal effect was -0.52 for BWT and -0.57 for 
WWT. These moderate and unfavorable values were in 
agreement with results reported in literature (e.g. Arango et 
al. (2006); Roehe et al. (2010)). This indicated that the 



genetic control of growth of piglets was different between 
the direct and the maternal genetic effect. The common 
litter effect explained 19% of the total variance for BWT, 
9% for WWT, and 3% for BW. As expected, the effect 
common to littermates on live weight dissipated with age. 
 
Table 2. Estimates (SE) of direct genetic correlations 
(above diagonal), and maternal genetic correlations 
(under diagonal) between traits1 

 BWT WWT BW 
BWT - 0.75 (0.08) 0.59 (0.11) 
WWT 0.02 (0.02) - 0.40 (0.28) 
BW 0.01 (0.21) 0.03 (0.21) - 
1BWT = birth weight; WWT = weaning weight; BW = final weight 

  
 
Estimates of direct genetic correlations and mater-

nal genetic correlations between traits with their SE are 
presented in Table 2. Direct genetic correlations between 
BWT, WWT, and BW were high and favorable. Moreover, 
as expected, correlations decreased as interval between ages 
became greater. Genetic correlations were the highest be-
tween BWT and the 2 other traits. Therefore, it seemed that 
BWT was a good predictor of later growth performances 
and it supported the influence of BWT on latter perfor-
mances. This result strengthens the importance of taking 
into account BWT when selecting for higher prolificacy. 
Maternal genetic correlations between traits were very low. 
Therefore, it seems that dam providing favorable genes for 
high BWT did not necessarily provide favorable genes for 
growth. However, the SE of these estimations were large 
and did include zero, therefore these results should be con-
sidered very carefully. These high SE of estimations were 
probably due the small dataset used to estimate variance 
components and genetic parameters. These results should 
be confirmed with a larger dataset. The correlations due to 
common litter effects were 0.21 ± 0.05 between BWT and 
WWT, -0.04 ± 0.22 between BWT and BW, and -0.16 ± 
0.28 between WWT and BW. Therefore, the environment 
provided by littermates affected BWT and WWT in the 
same way. However, it was less obvious for correlations 
between BW and the other traits because of the large SE of 
the estimations. 

 
Conclusion 

 
Given that BWT, WWT, and BW were heritable, 

genetic improvement of these traits appeared to be possible 
through genetic selection based on these traits. Because of 
the high and favorable genetic correlations between BWT 
and the other traits, selection for a high BWT could im-
prove growth rate and consequently the final market 
weight. But, higher BWT is also associated with reduced 
litter size at birth and at weaning, and more risks of farrow-
ing and preweaning mortality, which are not advantageous 
economically for producers. Current selection programs for 
higher prolificacy will reduce BWT and therefore influence 
BW negatively. As BWT is an early recorded trait, selec-
tion to improve final weight could be done early, which is 

economically interesting. Therefore, given the economic 
importance and the complex relationships between all these 
traits, selection programs should combine them carefully, 
using appropriate selection index, to take into account these 
genetic relationships and to allow improvement of one trait 
without deteriorating another, and to optimize economic 
gain for producers. 
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