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ABSTRACT: Univariate or bivariate animal mod-
els were used to estimate the variance components 
and co-variance components for eight reproduc-
tive traits: total number born (TNB), number 
born alive (NBA), total litter weight of piglets 
born alive (BALWT), number of healthy births 
(NHB), number of weak births (NWB), number 
of deformed fetuses (NDF), number of stillborn 
(NSB), and number of mummified pigs (MUMM). 
In addition, the phenotypic and genetic correla-
tions between traits at different parities were also 
estimated. The results showed that the heritabil-
ities of the eight reproductive traits were lower 
than 0.10. Genetic correlations between NHB and 
TNB, NBA, or BALWT were 0.68, 0.84 and 0.89 
respectively; whereas genetic correlations between 

NHB and NWB, NDF, NSB or MUMM were 
negative or close to 0, ranging from −0.28 to 0.13. 
NHB was relatively identified as an ideal informa-
tive trait for selection for improved reproduction. 
Furthermore, genetic correlations between dif-
ferent parities for all traits, except for NDF were 
strongly positive, showing that it was reasonable 
to consider different parities as the same trait. 
For NDF, genetic correlations between the first 
and the other parities were low, indicating that it 
was probably unreasonable to cull pigs according 
to the NDF at first parity. Optimum reproductive 
traits were observed at the third parity, and rein-
forcing the management of sows in the first and > 
4 parities can be a practical method for improving 
reproductive traits.
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INTRODUCTION

The reproductive traits of pigs have low her-
itability of approximately 0.10 (Holm et al., 2004; 
Crovetti et  al., 2010; Lee et  al., 2015), which is 
influenced by various factors, including breed, 
parity, and environment (Leite et  al., 2011; 
Knecht et  al., 2015). In China, a majority of 
Great-grand parents (GGP) groups of pure breed 
pigs (Duroc, Large White, and Landrace) origi-
nated from abroad, including Canada, America, 
and Denmark. Both joint breeding programs and 
major companies play an important role in pig 

breeding in China. For Large White pigs, selection 
is based mainly on reproductive traits. Breeders 
want to obtain higher total number born (TNB) 
and number born alive (NBA), while striving to 
reduce the number of stillborn (NSB) and number 
of mummified pigs (MUMM). Meanwhile, genetic 
parameters are specific for different populations 
(Darfour-Oduro et al., 2009). In this regard, esti-
mates of heritability and genetic correlations are 
essential for breeders to analyze the variability of 
these traits in China.

In this study, heritability was estimated for 
TNB, NBA, litter weight of piglets born alive 
(BALWT), number of healthy births (NHB), num-
ber of weak births (NWB), number of deformed 
fetuses (NDF), NSB, and MUMM in a spe-
cific Large White population using a univariate 
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repeatability model. Genetic correlations between 
different traits were estimated using a bivariate 
repeatability model. In addition, phenotypic and 
genetic differences between different parities were 
also estimated.

MATERIALS AND METHODS

The population used for the present study is 
from a Large White GGP pig farm managed by 
Guangdong Wens Foodstuffs Group Co., Ltd. The 
base population for this farm comprised approxi-
mately 600 Large White pigs which were imported 
from France in 2010. Currently, the core group of 
this farm is approximately 620 sows, with an add-
itional 800 or more sows in a propagation popula-
tion. The traits incorporated in the selection index 
were TNB, NHB, AGE (age at 100 kg live weight) 
and BF (backfat at 100 kg live weight). The sows are 
selected in three stages: within 24 h of birth, and at 
weight 25 kg and 100 kg. Individuals showing genetic 
defects were immediately eliminated. The selection 
intensity of breeding sows is 10% and the replace-
ment rate is about 60%. Furthermore, the pigs were 
also selected using a combination of body condition 
score and single maker-assisted selection (MAS).

Data Description

Phenotypic records on a total of 14,097 sows 
and 40,262 litters. Data was recorded at a central 
test station for a period of 6 yr (2011 to 2017). The 
traits used for analysis in the present study were 
TNB, NBA, BALWT, NHB, NWB, NDF, NSB, 
and MUMM. Notably, TNB includes all piglets 
both alive and dead. NHB indicates the number of 
piglets for which birth weight is over 1 kg, whereas 
NWB indicates those with birth weight below 1 kg. 
Number born alive is the sum of NHB and NWB. 
The summary statistics for these traits are shown in 
Table 1.

Variance Component Estimation

A univariate animal model was fitted to each 
trait using the BLUPF90 (AI-REML) software 
package to estimate the variance components. 
A  bivariate animal model was used to estimate 
covariance components for calculating genetic cor-
relations. The models used were as follows:

	 Y Xb Za Wpe e= + + + ,

where, Y is the vector of observations, b is the 
vector of fixed effects (included the effects of par-
ity and herd-year-month), a and pe are vectors of 
unknown additive genetic and permanent environ-
ment effects, e is a vector of residuals, and X, Z, 
and W are incidence matrices for the fixed, addi-
tive genetic, and permanent environmental effects, 
respectively.

RESULTS AND DISCUSSION

Basic Statistics

The descriptive statistics of the study popula-
tion are shown in Table 1. The mean of TNB was 
13.84 (±3.56 SD), which represents the sum of 
NHB, NWB, NDF, NSB, and MUMM. The pro-
portions of NDF, NSB, and MUMM contributing 
to TNB were 1.67%, 8.60%, and 3.11%, respectively. 
The effects of parity and herd-year-month (h-y-m) 
are all highly significant (P < 0.01).

The Effect of Parity

The mean and significance of the examined 
reproductive traits at different parities are shown 
in Table  2. The results show that the best perfor-
mance in terms of TNB, NBA, BALWT, and NHB 
is 14.19, 12.82, 16.21, and 10.87 at third parity 
and that these values are significantly different 
(P < 0.05) from those at other parities. The values 
for other traits (NWB, NDF, NSB, and MUMM) 
were lower at third parity, and highest at either the 
first or fifth parity.

The effect of parity on reproductive traits is not 
clear. Takai and Koketsu (2008) considered that the 
performance of sows was best at the first or second 
parity; however, some researchers have confirmed 
that the sows will be more productive at or beyond 
third parity (Hoving et  al., 2011; Knecht et  al., 
2015). From a comparing the TNB and NSB for 
different parities of Duroc, Large White, Landrace, 
and Meishan pigs, Meishans were found to have 
lower NSB scores and showed little fluctuation, 

Table  1. Summary statistics for the studies repro-
ductive traits (n = 40,262)

Trait Mean SD Min Max Skew Kurtosis

TNB 13.84 3.56 1 29 −0.37 0.52

NBA 12.22 3.63 0 27 −0.66 0.99

BALWT 14.95 4.79 0 37.2 −0.26 0.51

NHB 10.35 3.15 0 23 −0.80 1.24

NWB 1.64 1.74 0 18 1.54 3.75

NDF 0.23 0.61 0 13 4.27 34.96

NSB 1.19 1.79 0 21 3.15 16.39

MUMM 0.43 1.00 0 23 5.71 62.11
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whereas in western breeds, NSB initially decreases 
and subsequently increases across parities (Canario 
et  al., 2006). In the present study, we found that 
performance is best at third parity, and accord-
ingly suggest that the management and feed design 
should be different for other parities. Shannon 
(2011) found that sows at first parity ration with 
more than 10%–15% protein to satisfy their own 
growth and development requirements, and that 
sows of higher parity also need more energy for 
maintenance. In order to obtain more weaning pig-
lets, we accordingly need more refinement of the 
management of piglets born at first and > 4 parities.

Phenotypic and Genetic Correlations at Different 
Parities

Tables 3 and 4 show the phenotypic and genetic 
correlations between parities for TNB and NDF, 
respectively. TNB has a strong positive genetic cor-
relation (0.50~0.99) between different parities. With 
the exception of NDF, the correlations for other 
traits showed a similar pattern (Supplementary 
Appendices 1 to 6). For NDF, the genetic corre-
lations between first parity and the other parities 
were between −0.07 and 0.17, whereas if  the first 
parity was excluded, the genetic correlations were 
between 0.19 and 0.71.

Roehe and Kennedy (1995) estimated the phe-
notypic and genetic correlation between parities 1 
to 4 for the TNB and NBA of Large White and 
Landrace breeds, and showed that for Large White 
pigs, the genetic correlation was between 0.589 and 
1.000, whereas for Landrace the value was between 
0.782 and 0.998, which are similar to the values 

obtained in the present study. Similarly, the genetic 
correlations for TNB, NBA, and NSB at different 
parities in a Dutch Large White population were 
also comparable to those obtained in the present 
study (Ehat et al., 2001); however, there have been 
limited reports of correlations for other reproduc-
tive traits. Analyses performed in the present study 
indicate that although there is only a moderate 
correlation between the first and other parities in 
NDF, there are strong correlations between parities 
2 to 5, inadvisable to select sows according to after 
only one parity.

Variance Components and Genetic Parameters

The phenotypic, additive genetic, permanent 
environmental, and residual variances for eight 
selected reproductive traits are shown in Table  5. 
The heritabilities for the traits TNB, NBA, BALWT, 
NHB, NWB, NDF, NSB, MUMM were 0.07, 0.06, 
0.06, 0.05, 0.07, 0.01, 0.05, 0.01 respectively, the 
repeatabilities were 0.17, 0.14, 0.16, 0.14, 0.12, 0.03, 
0.09, 0.03 respectively, indicating that they are all 
low-heritability traits and repeatability is variable 
from different traits.

Numerous studies have provided estimates 
for the heritability of TNB, with values ranging 
between 0.02 and 0.11 (Imboonta et  al., 2007; 
Lundgren et  al., 2010). Strange et  al. (2013) esti-
mated the heritabilities of NWB and NSB to be 
0.09 and 0.08 respectively, whereas Shen (2012) 
estimated the heritabilities of NDF and MUMM 
for different breeds, which were found to be in the 
range 0.01~0.02. Thus, the range of heritabilities 
of all reproductive traits determined in the present 

Table 2. The effect of parity on reproductive performance traits

Parity n TNB NBA BALWT NHB NWB NDF NSB MUMM

1 13,341 13.81c,* 12.10c 14.23d 10.25c 1.60b 0.25a 1.25a 0.47a

2 8,840 13.70c 12.29b 15.41b 10.57b 1.50c 0.22b 1.05c 0.37b

3 6,312 14.19a 12.82a 16.21a 10.87a 1.70a 0.24a 0.99c 0.38b

4 4,657 14.06b 12.45b 15.53b 10.42b 1.79a 0.23a 1.17b 0.44a

5 3,337 13.85b 12.10c 14.98c 10.09c 1.79a 0.21b 1.29a 0.46a

*The superscript letters a, b, c, d in the same row signify statistical differences between parities, at P < 0.05.

Table 3.  Correlationsa between the total number of piglets born at different parities

Parity 1 2 3 4 5

1 0.09 ± 0.02 0.12 ± 0.02 0.08 ± 0.02 0.08 ± 0.02

2 0.63 ± 0.23 0.12 ± 0.02 0.13 ± 0.02 0.11 ± 0.02

3 0.50 ± 0.21 0.99 ± 0.16 0.15 ± 0.02 0.15 ± 0.02

4 0.74 ± 0.20 0.81 ± 0.22 0.88 ± 0.18 0.15 ± 0.02

5 0.66 ± 0.26 0.72 ± 0.23 0.62 ± 0.20 0.95 ± 0.20

aEstimation of genetic correlation below the diagonal and phenotypic correlation above the diagonal.

https://academic.oup.com/jas/lookup/suppl/doi:10.1093/jas/sky066/-/DC1
https://academic.oup.com/jas/lookup/suppl/doi:10.1093/jas/sky066/-/DC1
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study (0.01~0.07) is reasonably consistent with the 
values presented in previous studies.

The phenotypic and genetic correlations for 
the eight reproductive traits are shown in Table 6. 
For TNB, NBA, BALWT, and NHB, for which we 
want to select high phenotypic values, the ranges of 
phenotypic and genetic correlations were 0.68~0.89 
and 0.50~0.89. In the case of NWB, NDF, NSB, 
and MUMM, for which lower performance 
value are preferable, the phenotypic correlations 
were close to 0.  Although the genetic correlation 
between NDF and MUMM was 0.50, the correla-
tions between other traits were also close to 0.  In 
this study, strong positive correlations we found 
between both TNB and NBA and NWB, whereas 
the correlations between both BALWT and NHB 
with NWB were weak. However, there was a mod-
erately positive correlation between BALWT and 

NDF. Notably, we detected strong positive genetic 
correlations between NHB and “positive traits,” 
whereas the correlations between NHB and “neg-
ative traits” were weak. Accordingly, NHB can 
be considered an ideal trait for reproductive trait 
selection.

Numerous studies have provided estimates for 
the genetic correlation between TNB and NBA, 
with values ranging between 0.88 and 0.98 (Oh 
et  al., 2006; Lee et  al., 2015; Zhang et  al., 2000), 
whereas Ehat et al. (2001) estimated that the correl-
ation between TNB and NSB was between 0.29 and 
0.50. These findings are consistent with the results 
obtained in the present study. Strange et al. (2013) 
showed that the genetic correlation between NWB 
and NSB was 0.35 and 0.16 when using a sire model 
and dam model, respectively. These values are 
slightly higher than those obtained in the present 

Table 5. Estimates of variance componentsa and heritabilities for the reproductive traits

Trait
σa
2 σpe

2 σe
2 σp

2
h2 r

TNB 0.786 0.937 10.039 11.761 0.07 ± 0.007 0.17 ± 0.006

NBA 0.749 0.977 10.739 12.465 0.06 ± 0.007 0.14 ± 0.006

BALWT 1.233 1.871 16.048 19.153 0.06 ± 0.008 0.16 ± 0.006

NHB 0.445 0.847 8.120 9.412 0.05 ± 0.007 0.14 ± 0.006

NWB 0.203 0.135 2.487 2.826 0.07 ± 0.007 0.12 ± 0.006

NDF 0.003 0.008 0.350 0.361 0.01 ± 0.003 0.03 ± 0.005

NSB 0.133 0.112 2.604 2.849 0.05 ± 0.006 0.09 ± 0.006

MUMM 0.011 0.015 0.936 0.961 0.01 ± 0.003 0.03 ± 0.004

a σa
2  = genetic variance, σpe

2  = permanent environmental variance, σe
2  = residual variance, σp

2  = phenotypic variance, h2 = heritabilities, 
r = repeatability.

Table 6. Correlationsa between the selected reproductive traits

TNB NBA BALWT NHB NWB NDF NSB MUMM

TNB 0.83 (0.002) 0.68 (0.003) 0.68 (0.003) 0.47 (0.004) 0.11 (0.005) 0.21 (0.005) 0.13 (0.005)

NBA 0.87 (0.023) 0.84 (0.002) 0.86 (0.001) 0.48 (0.004) 0.12 (0.005) −0.29 (0.005) −0.18 (0.005)

BALWT 0.50 (0.058) 0.64 (0.047) 0.89 (0.001) 0.10 (0.006) 0.07 (0.005) −0.30 (0.005) −0.18 (0.005)

NHB 0.68 (0.049) 0.84 (0.026) 0.89 (0.019) 0.01 (0.005) −0.05 (0.005) −0.32 (0.005) −0.18 (0.005)

NWB 0.57 (0.056) 0.60 (0.057) −0.23 (0.077) 0.09 (0.087) −0.02 (0.005) −0.03 (0.005) −0.04 (0.005)

NDF 0.22 (0.156) 0.18 (0.16) 0.31 (0.148) 0.13 (0.168) 0.02 (0.143) −0.02 (0.005) −0.02 (0.005)

NSB 0.30 (0.085) −0.21 (0.089) −0.29 (0.085) −0.28 (0.093) 0.03 (0.086) 0.06 (0.161) 0.06 (0.005)

MUMM 0.43 (0.128) 0.02 (0.145) 0.10 (0.146) 0.01 (0.154) −0.03 (0.126) 0.50 (0.196) 0.10 (0.001)

aEstimation of genetic correlation below the diagonal and phenotypic correlation above the diagonal, the SE is in the bracket.

Table 4. Correlationsa between the number of deformed fetuses at different parities

Parity 1 2 3 4 5

1 0.03 ± 0.02   0.04 ± 0.02 0.01 ± 0.02 0.03 ± 0.02

2   0.06 ± 0.14 −0.01 ± 0.02 0.04 ± 0.02 0.02 ± 0.02

3 −0.07 ± 0.12 0.38 ± 0.10 0.05 ± 0.02 0.04 ± 0.02

4   0.17 ± 0.13 0.61 ± 0.09   0.19 ± 1.49 0.05 ± 0.02

5   0.02 ± 0.13 0.60 ± 0.09   0.71 ± 0.08 0.51 ± 1.39

aEstimation of genetic correlation below the diagonal and phenotypic correlation above the diagonal.
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study; however, it might indicate that NSB is con-
nected with inheritance from the sire. Moreover, 
the correlation between NHB and NWB shown 
by other research, which ranged from 0.172 to 
0.348 (Shen, 2012), are also higher than the values 
obtained in the present study, which can probably 
be explained by differences in the population struc-
ture. Correlations between NHB and other traits 
do not appear to have been reported previously.

In conclusion, in order to improve reproductive 
performance, it is important to acquire phenotypic 
records at different parities. Parity not only influ-
ences estimates of genetic parameters, but also has 
an influence on Estimated Breeding Value (EBV) 
ranking. Furthermore, most sows show different 
physiological status at different parities, which also 
influences the performance of offspring (Belstra, 
2003). Some researchers have analyzed genetic 
parameters by considering the first parity as an iso-
lated trait (Roehe and Kennedy, 1995; Ehat et al., 
2001; Oh et al., 2006), they considered that variance 
must be biased at high parities because of previ-
ous selection (Rothschild et al., 1979). However, in 
China, culling is usually passive, mainly caused by 
foot and leg disease. Furthermore, genetic correla-
tions between different parities are strong and posi-
tive (Roehe and Kennedy, 1995), therefore it is also 
reasonable to consider different parities as the same 
trait. For parity management, sows at first parity 
have a narrow birth canal (Pejsak, 1984), whereas 
sows of higher parities have a longer parturition 
interval (Farmer and Robert, 2003), and thus both 
tend to be associated with higher numbers of dead 
births (Vanderhaeghe et al., 2013). Optimum repro-
ductive performance is generally attained at parities 
2 and 3. Accordingly, it is important to implement 
different measures for specific parities.

IMPLICATIONS

Parity is associated with the performance of 
reproductive traits, with TNB being an optimum 
performance and NSB at a minimum at third par-
ity. Management measures should accordingly be 
specific for particular sows at different parities. The 
genetic correlations for NDF at different parities 
differ from those of other traits, indicating that it is 
unreasonable to weed out sows based on the NDF 
of first parity. Apart from NDF, the genetic corre-
lations were strong and positive between different 
parities. Thus, for other traits, sows can be selected 
at the start of their reproductive life based on the 
information for these traits. Nevertheless, we found 
that the heritabilities of the eight reproductive 

traits analyzed in the present study were slightly 
lower than 0.10, and thus the accuracies of selec-
tion might not be high. NHB is an interesting trait, 
because by selecting for this trait, we can not only 
increase the number of births, but also decrease the 
number of deaths at birth. Accordingly, NHB is 
potentially the most informative reproductive trait 
in the studied population.

SUPPLEMENTARY DATA

Supplementary data are available at Journal of 
Animal Science online.
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