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Introduction

Despite recent improvements in litter size (Knauer and Hostetler, 2015), management
practices and reproductive efficiency, many sow herds struggle to improve sow longevity
(Stalder et al., 2004). Sows need to remain in the breeding herd for greater than three parities
to recuperate gilt development costs (Stalder et al., 2003). Thus, implementation of new
phenotypic metrics into genetic selection practices is imperative for genetic progress in sow
retention. A younger age at puberty has been associated with improved gilt retention and
enhanced sow longevity (Knauer et al., 2010), yet age at puberty is not typically recorded in
nucleus herds. Traits highly correlated with age at puberty such as age at first mating and/or
age at farrowing are typically recorded on sow farms yet are not included in genetic
evaluations. Capturing age at puberty is labor intensive. The trait requires females be checked
daily for estrus in the presence of a boar. Given the positive impact of young puberty, the
objective of this study was to evaluate four generations of divergent selection for age at
puberty in swine and estimate genetic components for age at puberty and other swine estrous
traits.

Materials and Methods

Population

Multigenerational records were compiled on 2,428 Landrace × Large White composite
animals from a selection experiment. All animals throughout the experiment were reared at
the North Carolina Department of Agriculture Tidewater Research Station (Plymouth, NC).
Pubertal detection began at 130 d of age and continued for 90 d. Estrous traits were observed
every 24 h. Gilts were exposed to mature boars for 7 minutes daily. Puberty was defined as
the first observed response to the back-pressure test in the presence of a mature boar. Age at
puberty (AGEPUB) was the first observed standing reflex for the back-pressure test in the
presence of a boar. Whether a gilt reached puberty by 220 d of age (PUB) was coded as a
binary trait (1 = yes, 0 = no). Estrous length was number of consecutive days during which a
gilt exhibited the standing reflex. Both length of estrus at puberty (LEN1) and second estrus
(LEN2) were determined. Vulva width was measured using a dial caliper (S-T Industries Inc.,
Saint James, MN) at puberty (VW1) and second estrus (VW2).

Beginning in 2012, divergent selection for age at puberty was practiced for four
generations resulting in two genetic lines, young age at puberty (YNG) and old age at puberty
(OLD). Generation 0 was comprised of 402 gilts observed for puberty. Gilts with the
youngest AGEPUB were selected to form YNG. The 20 oldest AGEPUB gilts and 45 gilts
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that had not cycled by 220 d of age were selected to create the OLD line. Selection in
generations 1 to 4 was practiced within line and between sire (n=13) families following the
same selection practices.

Statistical Methods

Univariate and bivariate models were fit between all possible pairs of traits in
ASReml 4.1 (Gilmour et al., 2015) using the following model:

where y is a vector of observed traits; b is a vector of fixed effects; a is a vector of additive
genetic effects of the animal; l is a vector of random common litter effects; e is a vector of
random residuals; X, Z, andW are design matrices associating b, a, and l, with y, respectively.
The binary trait PUB was modelled using the logit link function. Effects estimated on the
logistic scale have a known variance of . Thus, 3.2898 was added to the residual variance
estimates for models containing PUB (Gilmour et al., 2015). Each model included a fixed
effect of generation. Age at boar exposure was fit as a covariate for AGEPUB, PUB and
PUBWT.

Univariate model EBV’s were used to calculate genetic trends for AGEPUB and PUB
while bivariate model EBV’s were used to calculate genetic trends for all other traits, with
AGEPUB as the second variate. Bivariate models were chosen due to the estimation of
covariance between traits to account for single trait selection pressure for AGEPUB. Genetic
trends were averaged by generation and standardized by the overall SD of EBV for a given
trait by genetic line.

Results and Discussion

Genetic trends in reproductive traits resulting from selection for decreased age at
puberty are presented in Figure 1. Selection for decreased AGEPUB resulted in a decrease of
-0.68 genetic SD units in generation 4 for AGEPUB and -0.67 genetic SD units for PUBWT.
Hence AGEPUB and PUBWT responded similarly to direct selection for decreased
AGEPUB. In contrast, LEN1 and VW1 resulted in limited additive genetic change by
generation 4 (0.23 and 0.13 genetic SD units, respectively). The probability of reaching
puberty showed the greatest response to selection for decreased AGEPUB, increasing 1.94
genetic SD units. Correlated response in PUB via selection for AGEPUB could be inflated
due to truncation of observations, in that pubertal detection stopped at 220 d of age. However,
selection for decreased AGEPUB stimulated a significant correlated response in PUB.

Genetic parameter estimates for reproductive traits are given in Table 1. Results
produced a heritability of 0.40 for AGEPUB, similar to a composite of literature estimates
(0.37) reported by Rothschild and Ruvinsky (2001). In contrast PUB had a lower heritability
of 0.11. Collectively suggesting that direct selection for AGEPUB would result in greater
additive genetic change in both traits. Genetic and phenotypic correlations between AGEPUB
and PUB were not possible due to confounding, yet relationships could be expected to be high
in magnitude and inversely related due to results from genetic trends.

Estimates of genetic relationships between AGEPUB with reproductive traits are
similar to those reported by Knauer et al. (2010). Puberty weight and AGEPUB were found
to have favorable genetic relationships (0.83), in agreement with a previous estimate (Bidanel



et al. 1996). Moderate genetic correlations between AGEPUB with LEN1 and LEN2 (-0.22
and -0.31, respectively) were found, suggesting that as age at puberty decreases length of
standing estrus increases. Direction and magnitude of this relationship could explain the
favorable associations between AGEPUB and sow retention (Holder et al., 1995). Conversely,
genetic relationships between AGEPUB with VW1 and VW2 were low (0.25 and 0.19,
respectively). Results suggest that animals reaching puberty later in life have a greater vulva
width during standing estrus, which is in agreement with previous reports (Knauer et al.,
2010). Combined results suggest females who reach puberty at a younger age have an
increased ability to exhibit the standing reflex, yet will have a decreased vulva width.

Conclusions

Selection for reduced age at puberty in swine can be expected to successfully decrease
age at puberty. Correlated changes in PUB, PUBWT and LEN2 can be expected. Previous
literature reports suggest that AGEPUB is an effective indicator trait for sow retention.
However, further work is needed to determine effects of direct selection for AGEPUB on sow
retention measures. Further work should also examine correlated effects of selection on male
reproductive performance.

Table 1. Heritability estimates1, phenotypic and genetic correlations2 between puberty and
reproductive traits.
Trait 1 2 3 4 5 6 7

(1) Age at puberty
0.40

(0.07)
-

0.83

(0.05)

-0.22

(0.18)

-0.31

(0.20)

0.25

(0.15)

0.19

(0.14)

(2) Probability of puberty -
0.11

(0.03)

-0.62

(0.21)

0.07

(0.31)

0.43

(0.33)

0.01

(0.28)

0.16

(0.26)

(3) Pubertal weight
0.80

(0.01)

-0.18

(0.04)

0.39

(0.08)

-0.27

(0.19)

-0.33

(0.21)

0.06

(0.17)

0.15

(0.18)

(4) Length of estrus 1
-0.03

(0.04)

0.03

(0.04))

0.01

(0.04)

0.19

(0.05)

0.80

(0.19)

0.14

(0.19)

0.20

(0.19)

(5) Length of estrus 2
-0.11

(0.05)

0.02

(0.04)

-0.02

(0.04)

0.22

(0.04)

0.17

(0.06)

0.25

(0.20)

0.20

(0.19)

(6) Vulva width 1
0.30

(0.04)

-0.04

(0.04)

0.24

(0.04)

0.10

(0.03)

0.10

(0.04)

0.36

(0.08)

0.97

(0.03)

(7) Vulva width 2
0.20

(0.05)

0.03

(0.05)

0.18

(0.04)

0.07

(0.04)

0.16

(0.04)

0.61

(0.03)

0.48

(0.08)
1 Heritability estimates are in bold along the diagonal with SE in parenthesis.
2Phenotypic and genetic correlations are below and above the diagonal, respectively, with SE
in parenthesis.



Figure 1. Direct and correlated response to selection for decreased age at puberty based on
average EBV. AGEPUB = age at puberty; LEN = length of pubertal estrus; PUB =
probability of reaching puberty by 220 d of age (0 or 1); PUBWT = weight at puberty; VW =
vulva width at pubertal estrus.
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