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The objective of this study was to estimate genetic parameters for longevity traits in Finnish pig populations. Ana-
lyzed traits were length of productive herd life (LPL), total number of parities (TNP), total number of piglets born 
(TNB), total number born alive (TBA) and stillborn (TSB), percentage stillborn (SB%), total number of piglets dead 
before weaning (TPM), mortality percentage (PM%), and total number weaned (TNW). Data contained litter records 
from 29 805 Finnish Landrace and 25 807 Finnish Yorkshire sows. Variance components were estimated using the 
AI-REML method. Heritability estimates varied from 0.06 to 0.11 in Finnish Landrace and from 0.09 to 0.12 in Finn-
ish Yorkshire. Genetic correlations were high (> 0.9) between LPL, TNP, TNB, TBA, and TNW, and low between piglet 
mortality traits (SB% and PM%) and other longevity traits. The obtained heritability estimates indicate that there is 
sufficient genetic variation for selection. 
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Introduction

Longevity of sows has a major impact on the efficiency of piglet production by reducing the number of gilts need-
ed for replacement and by increasing the proportion of sows in their highest production phase (Serenius and St-
alder 2006, Sasaki and Koketsu 2008, Hoge and Bates 2011). Although culling is eventually a decision made by a 
farmer culling of sows, especially young sows, is rarely made voluntarily. It has been estimated that in USA a sow 
must produce at least three litters to be profitable (Stalder et al. 2003). The same holds for Finnish pork produc-
tion (Niemi et al. 2011). The optimal time to replace a sow depends on factors such as the sow’s performance, 
its housing, feeding, and insemination costs, and the cost and genetic merit of the replacement gilt compared to 
the sow being considered. 

The survival of primiparous sows to the second parity is the single most important phase for their overall longev-
ity. The probability to survive is highest for fat, slow-growing gilts that produce large litters and have good feed in-
take during lactation as well as enough fat at weaning (Tummaruk et al. 2001, Knauer et al. 2010, Hoge and Bates 
2011, Lewis and Bunter 2011). These can be ensured through management practices, e.g. by mating gilts on their 
third oestrus cycle (Cottney et al. 2012), and by feeding fast-growing and lean pigs with low-protein diets before 
and during their first pregnancy to promote fat deposition in the body and with high-energy diets during lactation 
to preserve the fat reserves (O’Dowd et al. 1997). 

Sow longevity can be improved directly by favoring animals with high genetic potential for longevity-related traits 
or for traits that have a favorable genetic correlation with longevity. Commonly used longevity measures include 
stayability to a certain age, parity or production level, length of productive life (LPL) measured either from age 
at first insemination or first farrowing, total number of parities produced before culling (TNP), lifetime prolifica-
cy, and pigs produced per day of life (Holder et al. 1995, Yazdi et al. 2000, Serenius and Stalder 2004, Hoge and 
Bates 2011). Longevity traits like LPL are generally complex and combine several traits related to fertility, nursing 
and health, e.g. number of parities, number of piglets born alive and weaned, farrowing interval, milk produc-
tion, and leg health. 

The objective of this study was to estimate the heritabilities and genetic correlations of LPL, TNP, and lifetime pro-
lificacy traits in Finnish Landrace and Yorkshire pig populations. 
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Material and methods
Data

The study data were obtained from the pig breeding company Figen Oy, which operates the Finnish litter record-
ing scheme, and contained records from 29 805 Finnish Landrace and 25 807 Finnish Yorkshire sows born between 
2000 and 2006. In addition, the data contained pedigree information of  17 999 Landrace and 15 523 Yorkshire an-
imals. Only sows with at least one farrowing record and culling day available were included in the analysis. Also, if 
the culling was based on any systematic reason (e.g. age, low progeny test result), the record was excluded from 
the analysis. The analyzed traits were length of productive herd life (LPL), total number of parities (TNP), lifetime 
prolificacy measured as total number of piglets born (TNB), total number of piglets born alive (TBA), total num-
ber of stillborn piglets (TSB), percentage of stillborn piglets (SB%), total number of piglets dead before weaning 
(TPM), mortality percentage (PM%), and total number of weaned piglets (TNW). We determined LPL as the num-
ber of days from age at first farrowing to age at culling, as in Serenius and Stalder (2004), SB% as TSB/TNB, and 
PM% as TPM/TBA.

Statistical analyses
Variance components and genetic and phenotypic correlations were estimated using the AI-REML method in the 
DMU program package (Madsen et al. 2006). The statistical model used in the analysis was:

yijkl = μ + hi + bj + dk +  al + eijkl.

where yijkl is the observation; hi is the fixed effect of herd; bj is the fixed effect of the birth month; dk is the ran-
dom dam effect (mother of sow); al is the random additive genetic effect of the animal (sow whose longevity was 
measured); and eijkl, is the residual term. The animal, dam, and residual effects were assumed normally distribut-
ed                                           with the variance-covariance structure V(a) = Aσ2

a, V(c)= Iσ2c, V(e) = Iσ2
e, and 

cov(a,e) =0, where I is the identity matrix; A is the additive genetic relationship matrix between animals; and G, 
L, and R denote the variance-covariance matrices of the studied traits for additive genetic, dam and residual ef-
fects, respectively. Heritabilities were estimated by single-trait analysis and correlations by multi-trait analysis. 
Due to dependencies between traits (e.g. TNB = TBA + TSB), the estimates are from different multi-trait analyses 
with different combinations of traits, e.g. analysis 1: LPL, TNP, TNB, TBA, and TNW; analysis 2: LPL, TNP, TNB, TSB, 
and TPM, etc.

Results

Descriptive statistics of the studied traits are given in Table 1. The available data show that the average Finnish 
Landrace sow gives birth to 34.6 live piglets during its lifetime, of which 27.4 piglets survive to weaning. This is 
equal to 1.1 live piglets and 0.2 weaned piglets more than the lifetime production of the typical Finnish Yorkshire 
sow. However, the differences in the lifetime prolificacy measures between the two breeds are not due to the 
bigger litter size of Finnish Landrace, but to their longer herd life. Finnish Landrace sows stay in the herd for 482 
days compared to 452 days for Finnish Yorkshire, and Landrace also have more litters during their life (3.29 vs. 
3.19). On the other hand, pig mortality is slightly lower in purebred Finnish Yorkshire than Landrace litters. On 
average 14.1% of piglets born alive during a sow’s lifetime will not survive to weaning in purebred Finnish Land-
race litters, whereas the percentage in Finnish Yorkshire is 12.7. The same difference is seen in the total number 
of piglets that die before weaning, which is 0.3 piglets more for Finnish Landrace than Finnish Yorkshire (Table 1).

The reason why TBA does not equal the sum of TNW and TPM in Table 1 is that there were fewer records for TNW 
and TPM compared to the other traits. The number of parities of sows for which TNW and TPM were available 
were 3.01 and 2.95 on average compared to 3.29 and 3.19 for the other traits for Finnish Landrace and Yorkshire, 
respectively (data not shown here). 

N(0, A G),  N(0, I L),and N(0, I R)
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Table 1. Number of observations (N), means and SD of length of productive life (LPL), total number of 
parities (TNP), and lifetime prolificacy traits in Finnish Landrace and Yorkshire.

Landrace Yorkshire

N Mean SD N Mean SD

LPL (in days) 29802 481.5 391.9 25802 452.1 377.7

TNP 29805 3.3 2.4 25807 3.2 2.3

TNBa 29805 38.4 30.1 25807 37.1 29.2

TBA 29805 34.6 27.4 25807 33.5 26.4

TSB 29805 3.8 4.4 25807 3.7 4.5

SB% 29805 10.5 11.4 25807 10.3 11.6

TPM 22764 4.7 5.4 19304 4.3 5.2

PM% 22661 14.1 13.3 19167 12.7 12.7

TNW 22764 27.4 22.7 19304 27.2 22.0
a Total number of piglets born (TNB), total number of piglets born alive (TBA), total number of stillborn 
piglets(TSB), percentage of stillborn piglets (SB%), total number of piglets dead before weaning (TPM), 
mortality percentage (PM%), and total number of piglets weaned (TNW).

Heritabilities

Heritability estimates for the studied longevity traits including mortality traits varied from 0.06 (TSB) to 0.11 (SB%) 
in Finnish Landrace (Table 2).  Slightly higher estimates were obtained for Finnish Yorkshire, from 0.09 (TNW) to 
0.12 (TSB, SB%, and TPM) (Table 3). All estimates had low standard errors (from 0.01 to 0.02). The largest differ-
ence in heritability estimates between the two breeds was for TSB: 0.06 (± 0.01) in Finnish Landrace and 0.12 (± 
0.01) in Finnish Yorkshire. There is no obvious explanation for the observed difference.

 

Table 2. Heritabilities (h2±SE), relative variance due to permanent environmental effect of the dam (c2±SE), and 
phenotypic variances (s2) of length of productive life (LPL), total number of parities (TNP), and lifetime prolificacy 
traits in Finnish Landrace and Yorkshire.

Landrace Yorkshire

h2 c2 s2 h2 c2 s2

LPL (in days) 0.08±0.01 0.06±0.01 138816 0.10±0.01 0.06±0.01 127361

TNP 0.08±0.01 0.06±0.01 5.1 0.10±0.01 0.06±0.01 4.6

TNBa 0.08±0.01 0.05±0.01 836.6 0.11±0.01 0.05±0.01 774.9

TBA 0.09±0.01 0.05±0.01 691.8 0.11±0.01 0.05±0.01 634.5

TSB 0.06±0.01 0.04±0.01 17.9 0.12±0.01 0.03±0.01 18.1

SB% 0.11±0.01 0.02±0.01 126.2 0.12±0.01 0.02±0.01 127.8

TPM 0.10±0.01 0.04±0.01 26.5 0.12±0.02 0.04±0.01 24.5

PM% 0.08±0.01 0.03±0.01 161.4 0.11±0.02 0.04±0.01 151.2

TNW 0.09±0.01 0.05±0.01 462.1 0.09±0.01 0.05±0.01 432.8
a Total number of piglets born (TNB), total number of piglets born alive (TBA), total number of stillborn piglets(TSB), 
percentage of stillborn piglets (SB%), total number of piglets dead before weaning (TPM), mortality percentage (PM%), 
and total number of piglets weaned (TNW).

Permanent environmental effect

Relative variances due to permanent environmental effect of dam (c2) varied for the studied traits from 0.02 (SB%) 
to 0.06 (LPL, TNP) for both breeds (Table 2). The standard errors were low (0.01) for all traits. No differences in c2 

between the breeds were observed.
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Genetic and phenotypic correlations

The genetic (0.94 to 0.99) and phenotypic correlations (0.94 to 0.99) between LPL, TNP, TNB, TBA, and TNW were 
very strong in both breeds (Tables 3 and 4). Sows that stay longer in production will give birth to more piglets dur-
ing their herd life, and vice versa, sows that produce large litters in every parity will stay in the herd longer than 
sows producing small litters. Overall, the genetic correlations between the longevity traits were slightly higher in 
Finnish Landrace than in Finnish Yorkshire (Tables 3 and 4).

 
Table 3. Genetic (±SE; above the diagonal), and phenotypic (below the diagonal) correlations of length of productive life (LPL, days), 
total number of parities (TNP), and lifetime prolificacy traits in Finnish Landrace.

LPL TNP TNBa TBA TSB SB% TPM PM% TNW

LPL 0.98 ± 0.01 0.94 ± 0.01 0.94 ± 0.01 0.44 ± 0.07 -0.39 ± 0.08 0.60 ± 0.06 -0.05 ± 0.11 0.96 ± 0.01

TNP 0.96 0.95 ±0.01 0.95 ± 0.01 0.45 ± 0.07 -0.38 ± 0.08 0.64 ± 0.05 -0.01 ± 0.10 0.97 ± 0.01

TNB 0.93 0.97 0.99 ± 0.00 0.55 ± 0.06 -0.37 ± 0.08 0.79 ± 0.04 0.15 ± 0.09 0.98 ± 0.00

TBA 0.93 0.96 0.99 0.45 ± 0.07 -0.44 ± 0.07 0.41 ± 0.08 0.10 ± 0.11 0.99 ± 0.00

TSB 0.59 0.62 0.66 0.57 0.58 ± 0.06 0.38 ± 0.07 0.03 ± 0.12 0.46 ± 0.07

SB% -0.10 -0.08 -0.07 -0.15 0.48 -0.40 ± 0.08 -0.24 ± 0.06 -0.44 ± 0.07

TPM 0.62 0.64 0.73 0.43 0.47 -0.09 0.72 ± 0.05 0.71 ± 0.05

PM% -0.03 -0.02 0.04 0.04 0.04 0.00 0.50 -0.00 ± 0.10

TNW 0.94 0.97 0.98 0.99 0.61 -0.14 0.63 -0.11
a Total number of piglets born (TNB), total number of piglets born alive (TBA), total number of stillborn piglets (TSB), percentage of 
stillborn piglets (SB%), total number of piglets dead before weaning (TPM), mortality percentage (PM%), and total number of piglets 
weaned (TNW).

Table 4. Genetic (±SE; above the diagonal), and phenotypic (below the diagonal) correlations of length of productive life (LPL, days), 
total number of parities (TNP), and lifetime prolificacy traits in Finnish Yorkshire.

LPL TNP TNBa TBA TSB SB% TPM PM% TNW

LPL 0.97 ± 0.01 0.94 ± 0.01 0.94 ± 0.01 0.51 ± 0.06 -0.10 ± 0.09 0.58 ± 0.06 -0.15 ± 0.10 0.94 ± 0.01

TNP 0.97 0.95 ± 0.06 0.95 ± 0.01 0.53 ± 0.06 -0.08 ± 0.09 0.56 ± 0.06 -0.18 ± 0.10 0.96 ± 0.01

TNB 0.94 0.97 0.99 ± 0.01 0.60 ± 0.05 -0.07 ± 0.09 0.69 ± 0.05 -0.06 ± 0.10 0.97 ± 0.00

TBA 0.94 0.96 0.99 0.50 ± 0.06 -0.20 ± 0.08 0.39 ± 0.07 0.00 ± 0.10 0.98 ± 0.00

TSB 0.56 0.59 0.66 0.57 0.74 ± 0.05 0.52 ± 0.07 0.21 ± 0.09 0.56 ± 0.06

SB% -0.07 -0.05 -0.04 -0.13 0.49 -0.06 ± 0.09 0.19 ± 0.10 -0.20 ± 0.06

TPM 0.59 0.61 0.71 0.43 0.50 -0.06 0.70 ± 0.06 0.56 ± 0.07

PM% 0.02 0.04 0.09 0.09 0.09 0.00 0.55 -0.25 ± 0.09

TNW 0.94 0.96 0.98 0.99 0.60 -0.12 0.61 0.05
a Total number of piglets born (TNB), total number of piglets born alive (TBA), total number of stillborn piglets (TSB), percentage of 
stillborn piglets (SB%), total number of piglets dead before weaning (TPM), mortality percentage (PM%), and total number of piglets 
weaned (TNW).

 

Moderate genetic correlations were obtained between TSB and lifetime prolificacy traits in both breeds, from 0.44 
to 0.55 in Finnish Landrace (Table 3) and from 0.50 to 0.60 in Finnish Yorkshire (Table 4). The genetic correlations 
for TPM and lifetime prolificacy traits were slightly higher, varying from 0.41 to 0.79 (Table 3) in Finnish Landrace 
and from 0.39 to 0.69 (Table 4) in Finnish Yorkshire. Low correlations were found between LPL, TNP, lifetime prolifi-
cacy traits, and piglet mortality when mortality was measured as SB% or PM%. The explanation for the differences 
in genetic correlations between mortality measured as a proportion and as an absolute number is that sows with 
a longer productive life will also have a higher absolute number but not necessarily a higher proportion of dead 
piglets. Genetic correlations of SB% also showed a notable difference between breeds. The estimates were three 
to four times higher in Finnish Landrace than in Finnish Yorkshire. A detailed investigation of the variance-covari-
ance components for SB% revealed that although the sum of the covariances for the dam and animal effects were 
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similar in both breeds, the model and the method were unable to distinguish between the effects of the dam and 
the animal for this particular trait. The reason may lie in the structure of the available data where the proportion 
of dams with only one daughter was relatively high (approx. 37% in both breeds) compared to dams with multiple 
daughters. All genetic covariance estimates related to the mortality traits had large standard errors (from 0.04 to 
0.12). Based on the observed genetic covariances, selection for longevity traits will not increase piglet mortality.

Discussion

The culling of a sow is a decision made by the farmer. Therefore, it does not exactly describe the true longevity 
of sows. In order to avoid biases in heritability estimates sows which were clearly culled based on voluntary cull-
ing reasons, such as age of the sow, were excluded from analysis. Previously reported heritability estimates for 
LPL range from 0.10 to 0.22 in Finnish Yorkshire and from 0.05 to 0.17 for Finnish Landrace, using either a linear 
or a survival model, respectively (Serenius and Stalder 2004, Serenius et al. 2008). Thus, the estimates reported 
in earlier studies have also been higher for Finnish Yorkshire than Finnish Landrace. The estimates presented in 
our study correspond well with those obtained previously from the linear model (Serenius and Stalder, 2004). In 
other breeds the heritability estimates for LPL have ranged from very low (0.02) to moderate (0.31), depending 
on the population and the analysis method (Tholen et al. 1996, López-Serrano et al. 2000, Guo et al. 2001, Engb-
lom et al. 2009, Mészáros et al. 2010). 

Serenius and Stalder (2004) also reported a very high (0.96) positive genetic correlation between LPL and TBA. In 
the same study, the genetic correlation between LPL and the number of weaned piglets in the first litter was mod-
erate (0.39), implying that the results from the first litter give a positive but not very strong indication of a sow’s 
genetic potential to stay long in production. Further, no genetic correlation was found between LPL or TBA and 
backfat thickness at 100 kg of live weight, which means that backfat thickness cannot be used as an indicator trait 
of sow longevity. Better progress in longevity can be achieved by selecting sows with a high leg conformation score 
(Serenius and Stalder, 2004) or a short weaning-to-conception interval after the first farrowing (Tholen et al. 1996). 

The heritability estimates obtained for sow longevity traits in Finnish Yorkshire and Finnish Landrace were similar 
to those for the reproductive traits, indicating that there is sufficient genetic variation for selection in both breeds. 
The reproductive traits of sows are currently estimated in the Finnish national evaluation system by multi-trait 
analysis, which can be expanded to include longevity traits as well. Given the high genetic correlations between 
LPL, TNP, TNB, TBA, and TNW in both breeds it would be reasonable to include only one of these traits into the 
multi-trait analysis and the total merit index, in order to avoid an unnecessarily heavy computational burden. The 
most suitable trait would be TNP, because it is very easy to measure, does not require an exact culling date, and 
is free of possible errors in litter size records due to occasional involuntary or voluntary mixing of piglets between 
sows that farrowed at the same time. Further, because the observed genetic correlations between piglet mortal-
ity (SB% and PM%) and TNP were low (except for between SB% and TNP in Finnish Landrace), selection for TNP 
is not expected to increase piglet mortality. Given that longevity can only be measured after culling, the most 
promising approach for genetic improvement of longevity is through genomic selection. Finnish pig breeds are, in 
fact, particularly suitable for genomic selection because of the uniformity of the breeds (Uimari and Tapio 2011). 
Currently all boars entering AI in Finland are genotyped with a high-density SNP panel (PorcineSNP60 BeadChip, 
Illumina Ltd., San Diego, USA). The estimates of the variance components given in this article allow estimation of 
the breeding values of the reference boars and creation a prediction equation for genomic selection. Alternatively, 
the pedigree, phenotypic, and genomic information can be combined into a single-step procedure (Misztal et al. 
2009). Additionally, data from the same population s will be analyzed using a survival model that allows the use 
of the censored records typical for the large proportion of recent sows in the population. 
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