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ABSTRACT

Stress in farrowing sows is associated with the number of piglets crushed or attacked. Sow’s
behaviour is variable and heritable, therefore genetic selection can be a viable approach for
improving pig’s welfare. In this report, we used first parity litter records of Yorkshire sows to test
a genetic evaluation model for piglet crushing. The data were split into training and validation to
check the prediction accuracy of piglet crushing EBVs for young sows. We found that the
estimated heritability of piglet crushing was 0.07+0.03. The difference in the EBVs in the
validation set was equivalent to 0.15 more piglets crushed in the top 10% group than in the bottom
group of sows. These results indicate that the genetic selection may be used to reduce piglet
crushing which will improve the welfare of pigs as well as production efficiency. More research
on evaluation models and the genetics underlying sow stress and behaviour is warranted to
improve the reliabilities of modeling and to identify robust genetic markers for animal breeding

for the implementation.
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INTRODUCTION

The pork industry has enjoyed healthy growth in recent years, but is facing ever-increasing
competitive pressure to continuously enhance meat quality and increase production efficiency. In
the meantime, evolving animal welfare standards have brought new challenges, such as phasing
out of gestation crates. Although larger living areas are beneficial to animals in general, group
housing also exposes pigs to social stress. It has been identified that social stress impacts immune
response and productivity of growing pigs (Camerlink et al. 2012). The number of piglets
produced per sow per year is one of the most important economic traits for pig breeders. However,
stress response behaviours of farrowing sows has been found to be associated with the number of
piglets crushed or attacked by farrowing sows (Lensink et al. 2009). Furthermore, sow stress
affects other maternal behaviours (e.g. piglet neglect), which can also negatively impact piglet
growth and health (Rutherford 2014; Ringgernberg 2012; Goumon 2018).

According to benchmark data from commercial farms in the US over several years (Stadler, 2017),
approximately 17.5% of piglets die before weaning. Canadian Centre for Swine Improvement
(CCSI) records show that the majority of piglet mortality is due to crushing or savaging by sows.
Alarmingly, it has been found that group housing has led to significantly higher piglet mortality
rates than conventional stalls, as well as lower farrowing rates and more gilt injuries (Jang et al.
2015). It is generally accepted that these adverse effects are caused by stress (Ringgenberg et al,
2012). Since animal behavioural and neuroendocrine responses to stress are highly heritable in
pigs (Larzul et al. 2010) and highly variable, even more so than production traits (Foury et al.

2007), genetic selection can be a viable approach for improving animal welfare and adaptability
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to the environment (Knap and Rauw 2009). Until now, little has been done in the area of genetics
to enhance welfare in the swine industry.
The objective of this study was to develop a genetic evaluation system for piglet loss due to
crushing by sows as part of an ongoing research project to develop genomic tools to help reduce
sow stress and improve piglet survival and overall performance.

MATERIALS AND METHODS
Animal ethics: The historical data used in this study originated from farms taking part in the
national swine genetic evaluation program managed by CCSI. The participating farms operate in
accordance with the recommended Code of Practice for the Care and Handling of Farm Animals
— PIGS (Canadian Agri-Food Research Council) [NFACC, 2014].
Data: First parity litter records of 4,048 Yorkshire sows from three Ontario farms in the years
from 2012 to 2020 were used in this study. Usually, crushing events tend to increase in the later
parities due to leg problems and other injuries, which can increase the environment variance or
decrease the heritability for crushing behaviour (Géide et al., 2007). Increasing the size of a litter
is another reason for observing more crushing events in upper parities (Gade et al., 2007).
Outlier records were excluded on 25 sows with farrowing age of less than 300 days, 260 sows with
farrowing age of more than 399 days, 374 sows with litter size less than 7 or greater than 18, 4
sows with more than 8 cross-fostering transfers, 73 sows with less than 5 piglets after transfer and
10 sows with more than 5 crushed piglets. The outlier limits were determined based on the
distribution of the traits, biological expectations and standard breeding practices. The genetic age
of the sows with a farrowing age of more than 399 is different from a normal first parity sow, or
sows with litter size less than 7 or greater than 18 have extreme number of offspring in the litter

and its crushing behaviour would be influenced by the extreme number of piglets and the
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associated biological status of its body. It was also assumed that sows with more than 5 crushed
piglets should have crushed their piglets due to reasons other than genetics (e.g., extreme health
problems) and were excluded from the analysis. Records of 14 sows with unknown dams were
also excluded. Summary statistics for the remaining 3,228 litter records are shown in Table 1.
Distribution of crushing events: Overall, the majority of sows (Figure 1) did not crush any piglets
(59%) and 26% had one piglet crushed. Thus, about 85% of the sows had only one or no crushed
piglets, while 9% had two crushed piglets and 6% of the sows had three or more crushed piglets
in their first parity litter.

Statistical analysis: Data was analyzed with the following final generalized linear mixed model:
y=Xb + Zja + Z,s + Zzhys + e

where y is the vector of number of crushed piglets by sows in parity one, which was assumed to
follow a Poisson distribution [P(y, A)] with expected mean and variance equal to A, where A is the
expected number of crushed pigs/litter.

b is a vector of fixed environmental effect, which included an overall mean, regression on
farrowing age (AGE) and farrowing age squared (AGE?), regression on the square of number of
piglets after transfers (PAT?), and classification effects of herd of farrowing (h) and interaction of
herd by year of farrowing (hy).

a is a vector of random additive animal genetic effects,

s is a vector of random effects of the sows’ litter of birth,

hys is a vector of random effects of season of farrowing (calendar quarter) by herd by year,

e is a vector of unknown residual effects,

X is the known incidence matrix for the fixed effects, Zi, Z, Z3 are known incidence matrices for

the random effects a, s and hys, respectively. The elements of a, s, hys and e are assumed normally
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distributed with an expected mean of zero and variances 02 A, o1, afysl and 0?1, respectively,

where A and I are the numerator additive relationship and identity matrices, respectively. The
ASReml package (Gilmour et al., 2009) was used to analyze the data by fitting a generalized linear
mixed model using a natural logarithm link function and the model equation defined above. The
predicted values (expected number of crushing) were calculated as A=exp(Xb+Zia+Z,s+Zshys).
The terms A, Xb, Z1a, Z»s and Zshys are as explained above.

Estimated Breeding Values (EBVs): The data was split into two subsets, one for estimating
breeding values and one for validation. A total of 2,649 litter records of sows farrowing up to the
end of 2019 was used for the calculation of EBVs. This left 579 litter records from 2020 for
validation. To validate the crushing EBV accuracy, the parent average EBVs for crushing (paEBV)
of sows farrowing in 2020 were used as a predictor and compared to the actual number of piglets
crushed in each litter in 2020. Adjusted phenotypes from 2020 were calculated as the model
residuals in a separate analysis using the same model as used for EBV calculation, except for the
random animal genetic effect. Sows with records in 2020 were ranked based on paEBV. The
average number of piglets crushed in the top 10% of paEBV was then compared to the average
number of piglets crushed in the bottom 10% of paEBV.

Reliability of EBVs: Reliabilities of EBVs were calculated based on the standard error of
predictions (SEP) from ASReml as follows:

Rel = 1 SEP?
T T TR o
Where Rel; is the reliability of the EBV, SEP; is the standard error of prediction and Fi is the

inbreeding coefficient of individual I, and o2 is the estimated additive genetic variance.

RESULTS AND DISCUSSIONS
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Significance and distribution of the effects: The effects of herd, herd by year and the quadratic
effect of the litter size after transfer were highly significant (p<0.001). The linear effect of litter
size after transfer was not significant and excluded from the model. The linear and quadratic effects
of the farrowing age were not significant but were left in the model since they approached
significance (p<0.10) in a test run with the full dataset (including the 2020 crushing phenotypes).
The distributions of the random effects appeared to have normal distributions as assumed in the
model. The solutions for effect of season by herd*year were small and accounted for less than one
percent of the total variance and the effect of sow’s birth litter explained 11%+ 3% of the total
variance.

Heritability of crushing piglets and potential for selection against piglet crushing: The
estimated heritability of piglet crushing at first parity was 0.07+ 0.03. This is in the range of other
sow productivity traits for which breeders have been able to make substantial genetic progress. In
particular, the heritability for the number of piglets born per litter is 0.11 (Rothschild and Bidanel,
1998) and breeding companies on the Canadian Swine Improvement Program have been able to
genetically improve this trait by almost two pigs per litter in just the past 10 years (CCSI annual
report, 2020), with similar progress in the 10 years before that. The results of this study suggest
that it is feasible to decrease the frequency of crushing using genetic selection. Though genetics
only explains a small proportion of the variation in crushing, the economic benefit of decreasing
the average crushing behaviour in multiplier and commercial herds can be very significant. In this
study, crushing was considered an indicator of sow behaviour and selection against crushing
should improve the general behaviour of the sows and welfare of their piglets. In order to

effectively reduce crushing incidents, other factors such as management, health and nutrition of
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the sows also need consideration (Géide et al., 2007). Health and nutrition of the sows were not
available in the analyzed data set.

Reliability of EBVs were estimated for all animals using the procedure explained in material and
methods. The average reliabilities for sires, dams, and the sows in the validation group were 21%,
24% and 10%, respectively.

Validation of the predictions: The difference in the EBVs of the top and bottom 10% of the sows
for crushed piglets was 0.25 on the log scale in the 579 sows included in the validation group. On
the observed scale (back-transformed), this is equivalent to 0.15 more piglets crushed in the high
group than in the low group. The back-transformation assumed an average of 0.64 piglets crushed
per litter in first parity, which is the average across herds in this study. The expected difference
would be larger for herds with higher average crushing and lower for herds with lower average
crushing. The difference in the raw phenotypes between the high and low groups in the validation
sows was about 0.14 piglets (Table 2) which is close to the predicted (0.19), residual (0.15) and
EBV (0.15) differences between high and low groups. This demonstrates the potential of using
EBVs for distinguishing the top and bottom sows for crushing their piglets based on their
calculated EBVs using the proposed model.

Implementation of selection against piglet crushing into the genetic improvement program:
The estimated heritability and the difference between the top and bottom groups of sows in the
validation set indicate the possibility of selection against piglet crushing in sows. The
implementation of this trait into the selection program needs more investigation, in particular the
potential negative effect of selection against crushing on other economically important traits. The
phenotypic correlation for the number of crushed piglets with litter size was significant (p<<0.0001)

(also reported by Géde et al., 2007) and positive (0.12), which indicates the need for estimation of



184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

genetic correlations between piglet crushing and other economically important traits, which are
part of the economic selection indexes implemented on nucleus herds. Gathering more detailed
information about other related factors such as piglets’ weight as mentioned by other researchers
(Grandinson et al., 2002) should increase the accuracy of the EBVs. Due to the complicated nature
of piglet crushing trait, which is also related to different factors, such as maternal health and
behaviour, a more detailed model in a multiple trait evaluation can potentially generate more
accurate EBVs. Genetic progress of about 20% of a genetic standard deviation per year has been
achieved in other traits related to a sow's litter. For example, the genetic standard deviation of litter
size is 0.97 which means 0.97/5=0.19 piglet genetic progress/year. This rate of progress has been
achieved in practice in Canada resulting in an extra pig per litter every 5 years for the past two
decades (CCSI, 2020). Applying this to piglet crushing, with the estimated genetic standard
deviation of 0.30 piglets per litter crushing by sows, the economic benefits of selection against
piglet crushing after five years can be about $25.99 million, considering 1.2 million sows and bred
gilts on farms in Canada (cpc-ccp, 2021) with an average of 2.2 litters per year and a net value of
$32.82 per pig saved (Louis-Carl Bordeleau, personal communication, 2019). Since such genetic
gain is long term and sustained in the breeding herd, accurate genetic selection will continuously
drive down crushing deaths year after year and it will diminish as crushing deaths get closer to

Z€ro0.
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265  Table 1: Descriptive statistics of first parity litter records included in the analysis (N=3,288)

Variable Mean Standard deviation Minimum Maximum
Farrowing age (months) 11.37 0.65 9.86 13.11
#Piglets born alive 12.56 2.95 6 22
#Piglets transferred! 0.50 2.67 -7 8
#Piglets after transfers 13.06 2.02 7 18
#Piglets crushed 0.64 0.96 0 5

266
267  !'Transferred on to the sow (positive number) or transferred off of the sow (negative number)
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Table 2: Raw and adjusted phenotypes in the top and bottom sows in the validation set having
first parity litter in the year 2020, ranked based on the average of their parents’ piglet crushing
EBVs.

Number of Standard
SOWS Mean Difference Deviation  Minimum Maximum
B* T B T T-B B T B T B T
EBV?® 58 58 -0.19 0.06 0.25 0.01 0.05 -0.22 0.01 -0.17 0.19

Phenotype® 58 58 048 0.63 0.14 0.82 1.00 0.00 0.00 3.00 4.00
Residual® 58 58 -027 -0.11 0.16 1.25 140 -1.00 -1.00 4.72 4.40

Predicted 58 58 047 0.66 0.19 0.34 049 0.14 0.11 1.86 2.23
phenotype

B and T stand for Bottom and Top sows, respectively, ranked based on the average of their
parents’ piglet crushing EBVs.

PEBVs are in log-scale. After accounting for the population mean, the difference between the top
and bottom group EBVs was 0.15 piglets on the original scale.

‘Phenotype, residual and predicted phenotypic values are all on the original scale.

12
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Figure 1: Percentages per classes of number of crushed piglets by first parity sows.
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