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ABSTRACT: Genetic parameters for litter size, average 
birth weight and variation of birth weight were estimated 
from data of 2 dam lines (4.125 and 5.031 litters). Addi-
tionally the number of piglets below 1 kg birth weight were 
calculated and all litters were classified into 4 groups for 
weight and variation of weight to simulate a scoring system. 
Heritabilities for litter size, standard deviation of birth 
weight, number of piglets below 1 kg and score for varia-
tion in birth weight range between 8 and 12 percent while 
the heritabilities for average birth weight and the score for 
average birth weight are between 19 and 25 percent. Nega-
tive genetic correlations between litter size and all other 
litter quality traits are estimated for both lines. The scoring 
system was implemented under practical production condi-
tions for 14.622 litters and show the same antagonistic 
relationship between litter size and litter quality traits. 
Keywords: litter size; birth weight; genetic parameter 
litter quality 
 

Introduction 
 

Within the last 10 years a positive genetic trend for 
number of piglets born is observed in several breeds. On the 
other hand there is a clear trend to an increased piglet mor-
tality and a reduced longevity of sows as a correlated re-
sponse to the genetic gain made for number of piglets born. 
It is well known that with increasing litter size there is a 
linear reduction in average birth weight which is the major 
reason for the increasing mortality in pigs during the suck-
ling period (Hermesch, Luxford and Graser 1999, Wolf, 
Zakova and Groeneveld. 2008). Own results in figure 1 
(Brandt and Henne 2012) clearly show the exponential 
increase of piglet mortality with decreasing birth weight of 
piglets. The negative genetic relationship between litter 
size, birth weight and survival requires a combined selec-
tion for litter size and weight and survival. There are sever-
al options to include litter quality in terms of birth weight 
and variation in birth weight in the breeding goal for dam 
lines, which normally requires the measurement of individ-
ual piglet birth weights.   

 
In some countries attempts are made to use selec-

tion criteria without individual birth weights for piglets. In 
Switzerland the number of piglets below 1 kg of birth 
weight are estimated and used as additional selection crite-
ria. In Denmark the breeding goal is changed from number 
of piglets born alive to number of piglets alive at day 5.  

 
The objective of this study was to estimate the ge-

netic parameters for litter size at birth and litter quality 
traits on the one hand based on individual piglet birth 
weights and otherwise using a subjective scoring system in 

the case of missing individual birth weights. Especially the 
genetic correlations between litter quality traits and the total 
number of piglets born in the litter was of interest. 

 

 
Figure 1. Piglet losses in relation to birth weight (num-
ber of piglets = 19.574) 

Materials and Methods 
 

Data. Data from 2 purebred dam lines from BHZP 
with individual piglet birth weights were available from 
years 2005 to 2010 each line from 2 nucleus farms of the 
breeding company. In total for 4.125 litters from 1.805 
sows for line 1 and 5.031 litters from 2.085 sows for line 2 
the average birth weight (ABW) , the standard deviation of 
birth weight (SDB) and the number of piglets below 1 kg of 
birth weight were calculated absolute (NPB1) or as percent 
from total born (PPB1). Additionally the average birth 
weight and the variation in birth weight were grouped into 4 
classes: class 1 very low average birth weight or very high 
standard deviation of birth weight (< 1.2 kg ABW or  > 
0.37 kg SDB), class two birth weight slightly lower or 
standard deviation slightly higher than the average (1.2 – 
1.49 kg ABW or 0.37 – 0.269 kg SDB), class 3 birth weight 
slightly above or standard deviation slightly lower than the 
average (1.5 – 1.8 kg ABW or 0.27 – 0.17 kg SDB) and 
class 4  very high birth weight or very low standard devia-
tion  of birth weight  (> 1.8 kg ABW or < 0.17 kg SDB). 
These classes simulate a 4 class scoring system for average 
birth weight (SBW) and standard deviation of birth weight 
(SSB) as possible assessment of litter quality under practi-
cal conditions without measuring individual birth weight. 
This system was implemented in 22 weaner production 
farms in 2012 and so far 14622 litters from 6721 sows were 
scored by the farmers. Beside the scores for birth weight 
and variation in birth weight additionally the farmers them-
selves proposed a score for the fitness of piglets also rang-
ing from 1 (poor piglet fitness) to 4 (very fit piglets). 
 



Statistical analyses. 
 
The genetic parameters for the date from the 2 nu-

cleus lines were analyzed separately for each line using the 
VCE 6 software package (Neumaier and Groeneveld 1998) 
The traits were analyzed using an animal model with the 
fixed effects of herd-season and litter number and as ran-
dom effect the animal, the permanent environmental effect 
of the sow and the service sire. All traits nearly show a 
normal distribution. The litter quality traits from the weaner 
production farms were analyzed using SAS procedure 
mixed with farm, litter number and class for total number of 
piglets born as fixed effects and the sow and the service sire 
as random effects. For the latter data no genetic parameters 
could be estimated because of missing pedigree information 
of the sows.  
 

Results and Discussion 
 

Genetic parameters. Table 1 shows the estimated 
heritabilities for the traits and the genetic and phenotypic 
correlations between all traits for both lines. The heritabili-
ties are very similar between the lines. The heritabilities for 
total number of piglets born, the standard deviation of birth 
weight and the scores range between 8 and 11 percent in 
both lines. The Heritability estimates for the number of 
piglets below 1 kg of birth weight as absolute number or as 
percentage differ slightly between lines with 12 and 10 % 
for line 1 and 19 and 20 % for line 3. The average birth 
weight shows a much higher heritability of 25 % in line 1 
and 30 % in line 3. The heritabilities for the score for aver-
age birth weight are with 21 and 24 % slightly lower than 
the average birth weight in both lines. All heritability esti-
mates are in good agreement with other literature results 
(Hermesch, Luxford and Graser 2001, Grandison, Lund, 
Rydhmer et al. 2002, Damgaard, Rydhmer, Lovendahl et al. 
2003, Wolf, Zakova and Groeneveld 2008). The results 
clearly show that genetic gain for litter quality traits would 
be possible. 

 
All estimated correlations between the number of 

total born piglets and the litter quality traits are from a 
breeding point of view negative in both lines. The pheno-
typic correlations are slightly higher than the genetic corre-
lations. In line 1 and line 3 the highest antagonistic relation-
ship is found between total number of piglets born and the 
number of piglets below 1 kg of birth weight (.31 and .34 in 
lines 1 and 3). The average birth weight shows negative 
genetic correlations to total number of piglets born of -.27 
and -.17 in lines 1 and 3, respectively. These correlations 
are in agreement with results from Hermesch, Luxford and 
Graser (2001) and Damgaard, Rydhmer, Lovendahl et al. 
(2003) while Wolf, Zakova and Groeneveld (2008) found a 
higher genetic correlation of -.43. The genetic correlation 
between total number of piglets born and the standard devi-
ation of birth weight is from a breeding point of view also 
negative with .16 and .10 in lines 1 and 3.  

 
 
 

Table 1. Estimates of genetic parameters& for total born 
piglets (TBP), average birth weight (ABW), standard 
deviation of birth weight (SDB), number of piglets be-
low 1 kg birth weight (NPB1), number of piglets below 1 
kg birth weight in percent (PPB1), score for average 
birth weight (SBW) and score for standard deviation of 
birth weight (SSB) for line 1 and line 3. 

Line 1 TBP ABW SDW NPB1 PPB1 SBW SSB 

TBP  0.096 -0.266 0.163 0.305 0.200 -0.317 -0.235 

ABW -0.500  0.252 0.294 -0.834 -0.874 0.996 -0.264 

SBW 0.219 -0.101  0.082 -0.061 -0.077 0.302 -0.995 

NPB1 0.395 -0.556 0.363  0.117  0.991 -0.864 0.042 

PPB1 0.302 -0.562 0.404 0.962  0.104 -0.899 0.073 

SBW -0.456 0.922 -0.070 -0.550 -0.555  0.210 -0.309 

SSB -0.242 0.133 -0.931 -0.366 -0.396 0.103  0.079 

        

Line 3 TBP ABW SDW NPB1 PPB1 SBW SSB 

TBP  0.075 -0.167 0.099 0.340 0.256 -0.118 -0.126 

ABW -0.505  0.296 0.415 -0.840 -0.896 1.000 -0.359 

SBW 0.189 -0.154  0.097 -0.008 -0.047 0.436 -1.000 

NPB1 0.467 -0.680 0.299  0.191 0.992 -0.801 -0.028 

PPB1 0.338 -0.712 0.339 0.936  0.198 -0.872 0.007 

SBW -0.480 0.924 -0.146 -0.584 -0.615  0.237 -0.372 

SSB -0.188 0.148 -0.927 -0.294 -0.324 0.137  0.087 
&Heritabilities on diagonal in bold, genetic correlations above 

diagonal and phenotypic correlations below diagonal 
 
Because of the high genetic correlation between 

the number of piglets below 1 kg and the average birth 
weight this trait is a possible option for selecting for higher 
birth weights to reduce piglet mortality. Between all litter 
quality traits there is only one negative relationship from a 
breeding point of view between the average birth weight 
and the standard deviation of birth weight of .29 and .42 in 
lines 1 and 3 respectively. Due to this correlation the varia-
tion in birth weight will increase with increasing average 
birth weight.  

 

 
Figure 2. Average score for litter quality traits by clas-
ses for total number of piglets born  

 
Practical assessment of litter quality traits. In 

figure 2 the average scores from the data of the weaner 
production farms are shown for the classes of piglets total 
born. The figure clearly shows the decreasing scores for 



birth weight, variation in birth weight and also fitness of 
piglets with increasing number of total piglets born. This 
trend is in line with the negative correlation between total 
number of piglets and litter quality as shown above. Alt-
hough we could not estimate genetic parameters for these 
data the scoring of litter quality using 4 classes seems to be 
an adequate system to asses litter quality without measuring 
the individual piglet birth weights. The distributions of the 
scores for average birth weight and for the variation are 
very similar to those exactly calculated from the data of the 
nucleus farms. The amount of variance estimated for the 
sow and the service sire from the practical data is also very 
similar to the components estimated from the nucleus 
farms. In both data sets the effect of service sire explains 5 
% of the total variation. For the scores of the average birth 
weight, the variation in birth weight and the fitness of pig-
lets the sow effect explains 21, 15 and 19 % of the total 
variance.  

 
The scoring system done within the first 2 days af-

ter birth only requires a very short time and can easily be 
included in sow management programs.     
 

Conclusion 
 
Results confirm the antagonistic relationship be-

tween the total number of piglets born per litter on the one 
hand and litter quality traits like average birth weight and 
variation in birth weight on the other hand. Especially a 
reduced average birth weight will increase piglet mortality. 
The assessment of litter quality traits can be very time con-
suming when using individual piglet birth weights. The 
here introduced scoring system for average birth weight, 
variation in birth weight and fitness of piglets seems to be a 
much easier way of measuring litter quality. The estimated 
heritabilities and correlations show that a combined breed-
ing goal including litter size and litter quality can be im-
plemented under practical conditions.   
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