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INTRODUCTION

The number of weaned pigs per sow and year is of great economic 
importance to commercial pig production. In practice, selection for 
fertility has been performed by independent culling levels, without 
visible success (Skjervold, 1978, Simonsson, 1978). Genetic 
parameters of sow fertility were first estimated by Korkman (1947) 
from Swedish field data. Since then dramatic changes in feeding and 
management have taken place. Also there have been large genetic 
changes in pigs due to selection for production traits. This study was 
undertaken to estimate the basic genetic parameters for fertility 
traits in Swedish breeding herds to determine the possibilities of 
improving litter size through selection.

MATERIAL AND METHODS

This study is based on sow litter recording data from about 21,000 
sows during the period from October, 1973 to August, 1980. Traits 
studied were: age at first farrowing, first and second farrowing
interval and litter size measured, as number of pigs born, number born 
alive and number at control, for the first 3 litters. The control is 
carried out as close to three weeks of age as possible. In this 
study, this trait is referred to as number of pigs at 3 weeks. One 
should, however, keep in mind that it is only in the larger herds that 
all litters are measured close to the 21st day. Smaller herds are not 
visited weekly, but the control has to be done within 2-6 weeks. A 
small amount of crossing is carried out to cover demand tor crossbred 
gilts. Crossbred sows or sows carrying crossbred litters in any 
parity were excluded from the data. Checks were also made for first 
farrowing age and interval between first and second farrowing. Sows 
that were younger than 230 days at first farrowing were excluded as 
were sows with a farrowing interval less than 114 days. Finally only 
breeding herds represented by more than 20 sows were included. This 
left 8816 Landrace and 4151 Yorkshire sows for analysis. The model 
used was
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i jk lmVijklm = u + b i + c j + sk + *kl + e
where is an observation on a trait, u is the population mean,
b, is a fixed effect of the itb herd-year, is a fixed effect of 
the jth season (2-month periods) for j = 1,... , 6 , sk is a random 
effect associated with the kth sire -<0,la2 s>, lkl is a random effect 
of the kl*" litter ' (0,lcr2 e), and e ̂  k ̂  m is the random error 
associated with an observation on the i"]klmtb sow. Herd-year and 
season effects were defined according to the date at second farrowing. 
It is well known that within a herd the mean performance of various 
traits varies from time to time for reasons often not fully known. 
Since boars produce progeny during short time periods, very often sire 
effects are confounded with this variation. Ideally a herd-year- 
season effect would be fitted to remove the variation in question. 
However, since the breeding herds in this case are small, very low 
subclass numbers would result. It was therefore decided to use herd- 
year classes and correct for seasons over herds.

The analyses were carried out by iterating on Henderson's (1980) 
new method. After absorption of the fixed effects into the random 
effect equations, the sums of squares are c o m p u t e d  as the sum of the 
squares of each right hand side divided by the square of the 
corresponding diagonai element of the absorbed left hand side with the 
variance ratio added. Henderson proposes use of the within smallest 
subclass mean square as the error variance component. However in this 
case, the degrees of freedom for this error variance estimator is 
small. Instead the error sums of squares ignoring the random effects 
were computed and the error sums of s u uares as well as the sums of 
squares for sires and litters were equated to their expectations. 
Henderson's new method is an approximation of MINQUE (minimum norm 
quadratic unbiased estimation). MINQUE, however, is not an iterative 
procedure but iteration on MINQUE gives REML (restricted maximum 
likelihood) estimates for traits that converge within the parameter 
space. Therefore estimates from this study might be regarded as 
approximate REML estimates. A 60% relaxation factor was added to the 
diagonal of the sire equations to speed convergence.
RESULTS

Numbers of sires, litters and observations are in Table 1. The 
small number of sows raised from each litter is typical for 
reproductive data on pigs. Means and phenotypic standard deviations 
are in Table 2. The two breeds were similar. Landrace sows were 
somewhat younger at first farrowing but had a longer first-farrowing 
interval which gave the same age at second farrowing as the 
Yorkshires. Yorkshire sows showed more phenotypic variation than 
Landrace, especially for the first two litters. This difference 
between breeds is consistent with results from test stations on data 
on production traits.
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Table 1. Number of herd-years, sires, litters and observations 
for Landrace and Yorkshire sows.

Landrace________  ________ Yorkshire
Parity 
1 and

N o , 
2

Parity No. 
3

Parity No. 
1 and 2

Parity No.
3

Herd-years 683 646 292 273
Sires 1594 1346 746 631
Litters 6896 5139 3182 2286
Observation 8816 6277 4151 2832

Table 2. Means (X) and phenotypic standard deviations (SD) for
Landrace and Yorkshire sows.

Landrace Yorkshire
X SD X SD

First Litter
Farrowing aqe (da) 377 43.6 384 42.3
No. born 9.9 2.1 9.8 2.3
No. born alive 9.5 2.1 9.4 2.3
No. at 3 weeks 8.1 2.0 8.1 2.2

Second Litter
Farrowing interal (da) 199 26.3 192 25.3
No. born 11 . 1 2.4 10.9 2.7
No. born alive 10.7 2.3 10.4 2.5
No. at 3 weeks 9.1 2.1 9.0 2.3

Third Litter
Farrowing interval (d a ) 185 21.6 186 22.5
N o . born 11.7 2.5 11.6 2.7
No. born alive 11.2 2.4 11.0 2.5
No. at 3 weeks 9.3 2.3 9.2 2.3

Heritability estimates are in Table 3. They are all fairly 
low. However, there seemed to be considerably more genetic 
variation in the Yorkshire breed. For number of pigs at 3 weeks, 
the litter component for Landrace did not converge. In this 
case, the heritability estimate presented is from an analysis 
with the litter v ariance ratio put to a high positive value 
(9999). The influence of common environmental effects on age at 
first farrowing were high. For litter size they were smaller and 
not surprisingly declined as the sow grew older. This has also 
been reported in other studies (Johansson, 1981).

Genetic correlations for Yorkshires are in Table 4. The corre
lations of first litter measures with second were all about 0.5 while 
genetic correlations between first and third, and second and third 
litter were higher.
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'Table 3. Heritability estimates <h2 ) and common environmental 
effects (c) for Landrace and Yorkshire sows.

i f
Litter

C
Litter

c 5 * L it t e r
c

Landrace
Farrowing age/interval 0.04 0.28 0.05 0.09 0.00 -0.01
No. born 0.06 0.06 0.03 0.07 0.02 0.03
No. born alive 0.06 0.05 0.03 0.04 0.04 0.03
No. at 3 weeks 0.01 0.04 0.01 0.04 0.07 -

Yorkshire
Farrowing age/interval 0.07 0.29 0.01 0.11 -0.01 0.02
No. born 0.11 0.06 0.11 0.05 0.08 0.07
No. born alive 0. 10 0.06 0.09 0.06 0.08 -0.04
No. at 3 weeks 0.07 0.06 0.08 0.04 0.09 0.02

Because of the very low genetic variance estimated in the 
Landrace breed, several of the correlation estimates were out of the 
parameter space. This is likely to happen with traits of low 
heritability because the standard error of the genetic correlation is
approximately inversely proportional to 
(Robertson, 1959). For these reasons it 
Landrace correlations.

the product of heritabi1i ties 
was decided not to use the

Table 4. Genetic correlation estimates between litter size measures 
in different parities for Yorkshire sows.

Second l i t t e r . n o . p ig s
born at 3 

born alive weeks

T hird litter. no. pigs 
born at 3 

born alive weeks

First litter: 0.47 0.52 0.51 0.80 0.89 1.13

Second litter: 1.21 1.08 0.98

Table 5. Phenotypic correlations between number of pigs born 
alive for different litters.

____ Second Litter___
Landrace Yorkshire

_____T h ird  L i t t e r _____
Landrace Yorkshire

First litter 0.15 0.12 
Second litter

0.13 0.16 
0.16 0.20

Phenotypic correlations are in Table 5. They were all within the 
range of 0.1 - 0.2 and the correlations between second and third 
litter tended to be higher than the rest.

DISCUSSION

Previous estimation of heritability by Henderson's method 3 on
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parts of the same data set showed comparatively high heritability 
estimates (Johansson, 1979). Also most other studies reviewed by 
Johansson (1981) have shown higher heritabilities. Differences in the 
models used might be one explanation for this. Johansson (1979) used 
herd classes rather than herd-year classes. A preliminary study of 
these data using the same procedures as in this study and herd classes 
instead of herd-year classes also gave higher heritability. This 
points out the importance of using a correct model. Partial 
confounding of sires with years will inflate heritability estimates 
obtained from analyses which ignore herd-year effects.

The qenetic correlation estimates for Landrace were erratic 
althouqh basically they did not contradict the Yorkshire correlations. 
The need tor better methods for estimating genetic correlations when 
heritabilities are low is obvious. Multiple trait analyses might have 
been preferable in this case since the genetic correlations among the 
traits are high.

First farrowing interval and age at first farrowing may be 
important traits from an economic point of view. However, the large 
maternal effects on these traits may make genetic progress for them on 
the basis on selection of sows on their own performance difficult. It 
would be preferable to select for age at first farrowing and farrowing 
interval on the male side to remove the maternal effects.

Genetic correlations of litter size considerably lower than one 
between first and subsequent parities have been reported (Johansson, 
1979; Bolet, 1981). This study showed, however, in contrast with 
previous suggestions (Johansson, 1981) also fairly high correlations 
between first and third litter. In both breeds, litter size at birth 
and number of pigs born alive are more heritable than number of pigs 
at control. One reason is that the mortality during the first weeks 
is more due to environmental effects than to genetic effects. Also, 
the control can occur over a wide time period (2-6 weeks). It should 
be interesting to analyze a subset of these data, where pigs are 
controlled within a narrower range (2-4 weeks) to see if 
heritabilities for litter size at control increases.
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SUMMARY

Litter size at birth, number of liveborn pigs, number of pigs 
at 2-6 weeks, age at first farrowing and farrowing interval were 
studied on data gathered between 1973 and 1980 from 130 breeding 
herds in the Swedish sow litter recording scheme. The data 
represented 88i6 Landrace and 4151 Yorkshire sows. Genetic 
parameters were estimated by iterating on Henderson's new method. 
Heritability estimates of litter size in the first three parities 
were 0.07-0.11 for Yorkshire and 0.01-0.07 for Landrace.
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Heritability estimates for age at first farrowing and first 
farrowing interval were within the same range.

RESUMEN

t Tamano de camada al nacimiento, numero de cerdos nacidos vivos, 
numero de cerdos a 2-4 semanas, edad a primera paricion e intervalo 
entre pariciones fueron estudiados can datos tamados entre 1975 y 1980 
de 130 rebanos de cria en el esquema Sueco de toma de datos. Los 
datos representaron 8816 cerdas Landrace y 4151 cerdas Yorkshire. 
Parametros geneticos fueron estimados iterando sobre el nuevo metodo 
propuesto por Henderson. Heredabi1idad de tamano de camada en las 
primeras tres pariciones fueron 0.08 a 0.11 para Yorkshire y 0.01 a 
0.07 para Landrace. Los valores estimados para edad a la primer 
paricion e intervalo entre pariciones ocuparon el mismo rango.
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