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ABSTRACT: The objective of this study was to compare 
fixed structures in different genetic parameter evaluation 
models for the number of born alive (NBA) pigs. Model 
validation criterion was standard error of predictability 
(MSEP). The study included six models with different 
treated parity, weaning to conception period and age at far-
rowing. Among the examined models the most complex 
one had the lowest MSEP and estimated heritability for 
NBA of 0.0834±0.0211. 
Keywords: genetic parameters; model fit; reproductive 
traits; pigs 
 
 

Introduction 
 
 Reproductive traits of pigs are often (determined 
on the basis of) linked to the capability of sows to deliver as 
many piglets as possible. The genetic parameters that de-
termine reproductive traits in pigs are generally well exam-
ined. However, the genetic evaluation results can differ 
significantly if inadequate models are used for that purpose. 
Adequately designed models should differentiate between 
genetic and non-genetic variations, and thus provide for 
unbiased and accurate prediction of breeding values. To 
date no universal model that can fit to all data structures 
have been developed and therefore each breeding program 
is testing and improving various models. Model fit can be 
validated by different methods depending on which portion 
of the model is more challenging (fixed or random). On top 
of model ability to explain higher portion of phenotypic 
variation, Ødegård et al. (2003) explored the benefits of 
comparing models on the basis of mean-squared error of 
prediction (MSEP). The aim of this study was to use this 
criterion to develop a model for genetic evaluation of num-
ber of born alive (NBA) pigs in breeding program. 

 
Materials and Methods 

 
Data. The data were obtained from a pig farm in 

Republic of Macedonia, where reproductive data was ex-
tracted in the period 2006 – 2012 for the following three 
genotypes: (i) pure breed Large White (ii) F1 crossbreeds of 
Large White sows with Landrace boars and (iii) F2 back 
cross of F1 with Landrace boars The data consisted of 5474 
NBA coming from 1698 sows (on average 3.22 records per 
animal). Moreover records for parity, age at first farrowing, 
lactation length and weaning to conception period were also 
utilized. The descriptive statistic of the data is presented in 
Table 1. 

 

Table 1. Descriptive statistics for the data set from 1698 
animals with 5474 records for number of born alive, 
weaning to conception (W-C), lactation length and age 
at farrowing  

 Mean STD Min Max 
NBA 12,96 3,54 0 24 
W-C (days) 5,30 8,47 0 102 
Lactation length (days) 25,29 4,02 0 43 
Age at farrowing (days) 645,37 266,04 320 1733 

 
 
The pedigree data involved all animals with rec-

ords and their ancestors traced back as far as possible. The 
pedigree data contained 2614 animals, of these 398 animals 
defining the base population. For animals with records the 
average number of generations known (the complete gener-
ation equivalent, according to Boichard et al. (1997) was 
3.62. 

 
Statistical analyses. The aim of the study was to 

compare 6 different models for estimation of genetic pa-
rameters for NBA. Hence, the base model (Model 1) count-
ed for fixed effect of weaning to conception period (CWCi) 
defined in 7 classes (i = >4, 4, 5, 6, 7-23, 24-32, <32 days); 
genotype (Gj) with 3 levels (YY, YL and L(YL)); YSk - 7 
years and 4 seasons per year defined as trimesters staring 
from January summarized in 27 levels (on average 203 ob-
servations per level); boar (n=81) used for insemination (Bl) 
with on average 68 observations per level; parity (P3m) de-
fined as first, second and third and more with 1678, 1228, 
2568 records, respectively; regression on previous lactation 
length (b1n) defined as deviation from the mean lactation 
length (in primiparous set as 0); quadratic regression on 
farrowing age nested within three parity classes (b2mo, 
b3mo); whereas the random animal additive genetic effect of 
animal p is ap; and pep and eijklmnop are random effects of 
permanent environment of animal and residual, respective-
ly. 
 

Yijklmnop = CWCi + Gj + YSk + Bl + P3m + 
b1n(xijklmn - 𝑥) + b2mo(xijklmno - 𝑥) + b3mo(xijklmno - 𝑥)2 + 

peijklmnop + aijklmnop + eijklmnop  [1] 
 
Model 2 was derived from Model 1 by substituting parity 
with 3 levels extended to natural 10 levels (with , as a fixed 
effect and quadratic regression on farrowing age nested 
within ten parity classes (b2mo, b3mo). Model 3 was based on 
Model 2 where weaning to conception period (CWCi) with 
7 classes was replaced with linear regression of weaning to 
conception period. Model 4 was designed on basis of Model 



1, but farrowing age was linearly regressed and not nested 
within parity. Model 5 was defined as Model 4 where fixed 
effect of boars used was omitted. Model 6 was similar to 
Model 4 (except quadratic regression on farrowing age was 
not nested within three parity classes). 
 
 In all models homogeneous residual variances 
were assumed. The random animal genetic effects were 
assumed to have (co)variance structure proportional to the 
additive relationship matrix, whereas the repeated animal 
effects were unstructured. Variance component estimations 
were carried out with VCE version 5.1.2 (Kovač and 
Groeneveld (2003)). Predictions of breeding values were 
done with PEST, version 4.2.1 (Groeneveld (1990)). 
 

Model comparison. The models were compared 
by use of MSEP criteria: for excluded observations. MSEP 
was calculated by randomly excluding 5% of the observa-
tions, while keeping at least one record per animal, and 
predict all observation on basis of the remaining dataset. To 
reduce sampling error, six different sub-samples were cre-
ated, and predictive ability was estimated as the average 
over sub-samples, according to: 
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where yj is one of n excluded observations, and jŷ is the 
predicted value of that observation, based on the remaining 
dataset. Variance components estimated from the same 
model using the entire dataset were used as true parameters 
in the prediction of excluded observations. 

 
Results and Discussion 

 
Model comparison. Results for estimated vari-

ance components and MSEP under the six models are 
shown in Table 2. To choose among models for the fixed 
effect part, lower MSEP was the criterion for determination. 
Predictive ability, measured as mean-squared error of pre-
diction, is a measure of how well the total model behaves. 
The confounding of specific effects in the model is not 
evaluated by the MSEP. All models were differently struc-
tured regarding fixed effects and aimed to determine the 
best interpretation of the effect of parity, weaning to con-
ception period and age of farrowing on NBA. The most 
complex was Model 1, and it was hypothesized that this 
model in case of relatively limited data could be improper. 
However, when parity effect was rescaled into natural clas-
ses (10), as specified in Model 2, likely occurred confound-
ing between the additive genetic and permanent environ-
ment leading to higher MSEP. Further substituting the 
classed weaning to conception with linear regression (Mod-
el 3) did not improve the ability of better separation of ge-
netic and environmental variances. The parameter reduction 
of parity effect from 10 to 3 gives large flexibility with 
fewer degrees of freedom and it is appropriate for these 

data. On the other hand weaning to conception period de-
fined as a fixed effect performed flexible enough to sepa-
rate its influence on NBA.  

 
Table 2. Estimated animal additive genetic (σ2

a), perma-
nent environmental (σ2

pe) and residual (σ2
e) variances, 

heritability, and mean-squared error of prediction 
(MSEP) for number of born alive (NBA) piglets with 6 
different repeatability models 

 
σ2

a σ2
pe σ2

e h2± se MSEP 

Mod1 0.9456 0.5466 9.8444 0.0834±0.0211 0.0747 
Mod2 0.9176 0.5645 9.8417 0.0810±0.0212 0.0771 
Mod3 0.9483 0.5357 9.8541 0.0836±0.0206 0.0772 
Mod4 0.9316 0.5556 9.8412 0.0822±0.0218 0.0760 
Mod5 0.9196 0.4615 10.1787 0.0795±0.0196 0.0894 
Mod6 0.9316 0.5563 9.8426 0.0822±0.0218 0.0782 

 
 
Simplifying the interpretation of age of farrowing 

by linear regressing to NBA as specified in Model 4, im-
proved MSEP compared to Model 2 and 3 but not as good 
as in Model 1. The boar effect was assumed to take many 
degrees of freedom (80) and its influence can be less on 
NBA due to the fact that all used boars were in use from the 
same AI center and semen quality was regularly performed. 
Hence, further simplification by omitting boar effect on 
NBA (Model 5) was done performing even worse by un-
derestimation of additive and permanent environment vari-
ances and the highest residual and MSEP value. Finally, 
quadratic regression of age of farrowing (Model 6) was 
tested, but the specification did not gain by reducing MSEP 
to the low result seen for Model 1. Age of farrowing in in-
tensive pig production with good farm management is natu-
rally linked to parity, so in further analysis it should be al-
ways nested within parity classes.  
 

Variance components. The confounding of genet-
ic and environmental effects in our models had considerable 
effect on the estimated variance components (Table 2). The 
estimated additive genetic variances for NBA using Model 
1 were very similar in all models although heritability var-
ied +/-5%. The larger estimates were reached with Model 3 
and Model 1. The estimates for permanent environment 
were also similar in the two models. Note that in Model 2, 
the additive genetic variance was the lowest and permanent 
environment the highest, probably due to high number of 
parity classes that tend to absorb genetic effects, especially 
for poor cross-classification structures.  

 
For the chosen model (Model 1), the estimated 

heritability for NBA was 0.0834 which is close to heritabil-
ity estimates in other populations (Urankar et al. (2004); 
Fernández et al. (2008); Luković et al. (2012)). In our case, 
the model was carefully chosen and carefully designed, 
possibly leading to honest estimation of genetic parameters 
for NBA. Perhaps further extension of the model can be 
done on random part by adding random regression. 



Conclusion 
 
For pig breeding programs, reproductive traits 

have been one of the primary targets for selection, particu-
larly number of born alive. The models used in genetic 
evaluations can significantly impact the results obtained 
especially the accuracy of estimations and ultimately accu-
racy of selection. Several models were compared for the 
fixed structure leading to a best model validated on the base 
of the predictability of its standard error. The resulting 
model (Model 1 here) should be considered the most suita-
ble regarding fixed effects in the current data with possible 
extension with random regression. 
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