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INTRODUCTION 
Breeding companies try to improve production efficiency in terms of lean tissue daily gain, 
lean tissue feed conversion and sow productivity. In recent years, research on sow productivity 
has been focused on survival, vitality, and behaviour. This interest stems from increased public 
awareness for animal rights, from recent major disease outbreaks, and from increased 
acceptance that improvement of vitality and survival has a clearer genetic background than 
expected. Piglet survival (±80%) in the Netherlands can be defined as the product of farrowing 
survival (±93%) and pre-weaning survival (±87%) (Knol, 2001). Farrowing survival is the 
complement of stillbirth and pre-weaning survival is the complement of pre-weaning mortality. 
Inbreeding tends to reduce fitness (Falconer, 1960). Inbreeding explains about 0.5% of the 
variarion of  piglet survival (Bereskin et al., 1973). He estimated the effects of piglet survival 
at –0.10% (10% inbreeding of the dam) and -1.20% (10 % inbreeding of the litter) (Bereskin et 
al., 1973). Winters et al. (1947) found an effect of -0.20% piglet survival for 10 % inbreeding 
increase of the litter.  
The opposite side of inbreeding is heterosis. Quantification of heterosis effects and comparison 
with inbreeding effects might help to increase understanding. The effect of heterosis on pre-
weaning survival is +5.8% for the litter and +5.0% for the sow (Sellier, 1976 ; Johnson, 1981 ; 
Gunsett and Robison, 1990).  
In this paper we want to quantify the influence of inbreeding on piglet survival traits and on 
other reproduction traits, such as litter size, birth weight, and gestation length. Not only 
inbreeding of the sow and the litter, but also inbreeding of the service sire will be addressed.  
 
MATERIAL AND METHODS 
Farrowing records of two sow lines with known service sires from the breeding company 
TOPIGS (Vught, the Netherlands) were available for analysis. Line C is a synthetic line 
founded in the seventies from different Piétrain breeds; Line D was founded from Yorkshire 
and Large White breeds. Inbreeding coefficients were calculated using all of the available 
pedigree, tracing back to 1980. Sows were mated to a sire of the same sow line (pure line 
production), or to a sire of the other sow line (multiplication). Records were kept on 21 
different farms, some of them specialised multipliers. Data collection started in 1990. In total 
the dataset consists of 23,026 litter records.  
Piglets were weighted within 24 hours after birth, cross-fostering was recorded, and piglet 
survival calculated as %-survival from the original litter of birth. 
For analysis of inbreeding, only pure line records were selected, using model (1). 
For analysis of heterosis, all records were selected and analysed with model (2). 
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(1)     Y=HYS + parity + line_dam + inb_sire + inb_sow + inb_litter + error 
(2) Y=HYS + parity + line_dam + line_sire + heterosis + error 
 
HYS=herd-year-season. 
Parity=parity of the sow. All parities higher 7 are grouped in parity 7. 
Line_dam=the line of the sow. Line C or D. 
Line_sire=the line of the sire. 
Inb_sire=inbreeding coefficient of the sire. 
Inb_sow=inbreeding coefficient of the sow. 
Inb_litter=the inbreeding coefficient of the litter. 
Heterosis=the crossbred effect of the litter. 
 
Analysis was performed with PROC GLM of SAS. Since survival is a binary trait, analysis of 
survival traits was also done by logistic regression, using PROC GENMOD of SAS. In lines 
under selection, the additive genetic level will increase over time, as will the level of 
inbreeding. To circumvent this confounding effect, the analysis was also done with ASREML, 
with the model:   
 
(3) Y=HYS + parity + line + inb_sire + inb_sow + inb_litter + perm + sow + error 
  
Perm=permanent environment which means the litters within one sow. 
Sow=the identity of the sow. 
 
Where Y is number total born (number live + number stillbirth), number mummified, number 
stillbirth, number live-born, litter weight (total weight of live and stillbirth), birth weight 
(average weight of the piglets in a litter), within-litter variation in birth weight (’variation’), 
prenatal survival (number total born/(number total born + number mummified)), farrowing 
survival (number live / number total born), pre-weaning survival (number weaned / number 
live) and piglet survival ((farrowing survival)*(pre-weaning survival)).   
 
RESULTS AND DISCUSSION  
In Table 1, descriptive statistics for the two sow lines are given. On average, inbreeding was 
lower in line C than in line D. The highest inbreeding coefficient in the data set  was 0.39 for a 
sow. 
Effects on survival traits. 
Inbreeding. The most significant effects of inbreeding were found for pre-weaning survival and 
piglet survival. Both effects were highly significant (P<0.0001) and indicated a –2.23% effect 
in pre-weaning survival and a –2.67% effect in piglet survival per 10% inbreeding increase of 
the litter (Table 2). Winter et al. (1947) reported an effect of –0.20% and Bereskin et al. (1973) 
found an effect of –1.20% for piglet survival per 10% inbreeding increase of the litter. A 
possible explanation for this discrepancy is the possible non-linear effect of inbreeding on 
piglet survival. In our dataset there was an indication for this, but the effect was non-significant 
(P>0.05). 

Session 03. Pig breeding Communication N° 03-04 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

Table 1. Uncorrected descriptive statistics for two sow lines 
 

Line C Line D 
Line/cross piglet Line/cross piglet 

 
Traits 

CC DC CD DD 
N, no. litters 7230 9256 2685 3855 
Inbreeding coefficient litter  0.03 0.00 0.00 0.07 
Inbreeding coefficient sow  0.04 0.03 0.06 0.05 
Inbreeding coefficient sire  0.04 0.05 0.04 0.06 
Gestation length, d 114.0 114.3 115.4 116.3 
# mummified 0.30 0.25 0.21 0.29 
# total born 11.20 11.64 10.79 10.26 
# stillbirth 0.63 0.63 0.44 0.39 
# live-born  10.57 11.01 10.35 9.87 
Litter weight, kg 15.3 16.2 17.1 15.1 
Birth weight, kg 1.39 1.42 1.61 1.49 
Within litter variation, g 278 285 235 251 
Prenatal survival, % 97.5 97.8 98.2 97.4 
Farrowing survival, % 94.8 95.0 96.4 96.4 
Pre-weaning survival, % 86.5 88.7 89.5 89.2 
Piglet survival, % 82.3 84.6 86.4 86.3 

 
Heterosis. The survival traits pre-weaning- and piglet- survival have a heterosis effect of 
+1.51% and +2.49%, respectively (Table 2). This is rather low compared with the average of 
+5.8% in the review of Rothschild and Bidanel (1998). Crossbred piglets were 60 g heavier 
than pure line piglets (Table 2). After correction for birth weight +1.07% of the heterosis effect 
remains.  
No difference in hypothesis testing was found using logistic or non-logistic analysis. This is 
most probably due to the size of the dataset. Piglet survival, the trait with the most significant 
effect of inbreeding, was analysed with ASREML. Estimates and significance tests were highly 
similar to the SAS results. 
 
The effects on other reproduction traits. 
Inbreeding. No significant effect of inbreeding of the sow was found for any of the 
reproduction traits except for #stillbirth, birth weight, variation and farrowing survival, all 
signigicant between 0.01 and 0.05. For the sire none of the traits was significant. Not only 
piglet- and pre-weaning- survival were signifigant for the litter, but also live-born and birth 
weight. They were also significant between 0.01 and 0.05. When there are many traits this can 
be expected on the basis of chance. 
Rothschild and Bidanel (1998) reported no effect of litter inbreeding on #live-born, but –0.29 
piglet on #total born, caused by an effect of –0.27 piglet on #stillbirth. Our results give an 
effect of –0.24 live-born piglet per 10 % litter inbreeding 
Heterosis. The estimated effect of heterosis was highly significant for a large number of traits. 
Our estimate of +0.49kg for litter weight is in very good agreement with the value of +0.59kg 
of mentioned authors. Litter heterosis in our material was not significant (P>0.05) for #total 
born, although Table 1 suggests an effect. Correction for HYS and parity accounted for the 
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differences. The relative effect of heterosis on #stillbirth (-25%) is surprisingly large. An 
explanation for this large effect is unknown at this time. 
 
Table 2. P-values for effects of inbreeding of sow, sire and piglet and for estimates of 
heterosis on a number of reproduction traits A 
 

 Pure line information: inbreeding All information: heterosis 

Traits Sign. 
Sow 

Sign. 
Sire 

Sign. 
Piglet 

Regression 
/ 10 % Sign. Heterosis 

effect % 

Gestation length,d NS NS NS  0.0001 -0.24 -0.02 
# mummies NS NS NS  NS   
# total born NS NS NS  NS   
# stillbirth 0.0099 NS NS  0.0001 -0.15 -25 
# live born NS NS 0.011 -0.24 NS   
Litter weight, kg NS NS 0.009 -0.34 0.0001 0.49 3.1 
Birth weight, kg 0.036 NS NS  0.0001 0.06 4.0 
Within litter variation, g 0.049 NS NS  NS   
Uterine survival, % NS NS NS  NS   
Farrowing survival, % 0.015 NS NS  0.0001 1.20 1.3 
Pre-weaning survival, % NS NS 0.0001 -2.23 0.0001 1.51 1.7 
Piglet survival, % NS NS 0.0001 -2.67 0.0001 2.49 3.0 

A NS if P>0.05, regression coefficient is given if effect is significant.  
 
CONCLUSION 
Inbreeding of the litter negatively affects pre-weaning- and piglet- survival and seems to have a 
negative effect on number live born and litter weight. Inbreeding of the service sire has no 
effect on any of the traits analysed. Inbreeding of the sow has little effect, if any, on stillbirth, 
on birth weight, and on within litter variation in birth weight. In general, estimates for 
inbreeding and heterosis agree fairly well with earlier published results. 
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