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Introduction
Litter size has a large phenotypic standard deviation and a high economic 

value hut a low heritability. Legault (1970) and Johansson (1 9 8 1 ) summarized 
several investigations and found on average a heritability for litter size 
at birth of ~0.10. Nelson and Robison (1 9 7 6 a) used crossfostering to establish 
postnatal environments of small (six piglets) and large (1U piglets) litters. 
Females reared in small litters produced larger litters compared to females 
reared in large litters. This shows that a negative covariance between direct 
genetic and postnatal maternal effects could be responsible for low herita
bility estimates as suggested by Revelle'et al (1973). Maternal effects are 
likely to bias heritability estimates from daughter-dam regressions downwards.

When the covariance between a dam's and her daughter's litter size just 
involves the dam's litter in which the gilt was born and the gilt's first 
litter respectively, the maternal effect (M)was assumed to be proportional 
to the birth litter size (L'): M= m L' (defined by Falconer, 1965). Esti
mates of the regression coefficient "m" either given by the authors or calcu
lated from their data are summarized in table 1 .

Only Nelson and Robison (1976a) carried out a specially designed experi
ment to estimate this factor in pigs. The average estimate tends to be -0.10.

Two hypotheses are postulated in literature. Rutledge(1 9 8 0 ) suggested 
that the mechanism involves the neonatal ovary; being reared in a large 
litter might provide conditions which cause degeneration and result in a 
smaller pool of primordial follicles. Robison (1979) suggested that the 
maternal influence could be caused by a negative influence of large litter 
size on the weaning weights of piglets and growth from weaning onwards 
resulting in a higher age at first oestrus. Hence, gilts bred as a group may 
be in different oestrus cycles due to differences in growth rate. Therefore 
gilts reared in large litters would be expected to have a lower ovulation 
rate because of a lower growth rate. An experiment was designed to test these 
hypotheses.

Materials and methods
* 192 Dutch Landrace. gilts (i+*l*8 ; generation 0) were bought in 1+ batches 

at 3 monthly intervals. The litters produced (~U*2U) at the experimental 
unit "De Haar" of the Agricultural University were standardized within '2k 
hours after parturition at 8 piglets per litter to ensure that the first 
generation gilts were standardized at 6 or 1 2 piglets per litter in such
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way that the actual average litter size at birth was equal for the low and 
high standardization levels. The offspring (2nd generation) were weaned at 
five weeks of age, fed restricted (1 . 2 6  MJ ME/^£ ) up to a maximum of 2 . 5  

kg/day (30-5 MI ME; calculated), housed in groups of four, inseminated once 
at a fixed age and produced their first litter at an age of one year. S6 and 
S12 gilts were slaughtered 3 days after oestrus following the weaning 
of their first litter. Animals which did not show oestrus within 21 days 
after weaning were induced with PG600 (1+00 I.U. P.M.S. and 200 I.U. H.C.G.). 
To estimate the effects of standardization levels the data were analysed 
using a least squares method (Harvey, 1975). The models were:
yijklm p+ Ge. + Gr. + (Ge * Gr). . + S, . „ + l  J io k : i= 2 Fl + cov + e. .ijklm
for first and second generation data, or
y.t. = M + Gr- + S + F + cov + e., , jklmi- 0 k 1  jklm
for the second generation data, or

P+  S. + I (S*I) + e.kn kno

(1)

(2 )

(3)kno k n
for number of Corpora lutea after weaning of the first litter of second
generation sows.
where y= dependent variable

Ge^ = effect of i-th generation, i=1 , 2

effect of j-th season group, j = 1 ,1+Gr. J
Sk:i= 2

I =
(S*I)kn 

F =

effect of k-th standardization level, k= 1 , 2  (nested within the 
second generation)
effect of oestrus type(spontaneous or induced), n= 1 , 2  

effect of (S*I) interaction, 
effect of other fixed effects.1

cov = effect of covariables included in the model.
"F^ + cov" varied according to the y-variable analysed. More details will 
be given by Van der Steen (1983).

Results and_discussion
Results of the analysis are given in table 2. Analysis without the co

variable affected by standardization level (age at 2 5  kg or age at backfat- 
measurement) were also carried out. S6 piglets were 2.2 kg heavier at weaning 
and 3.0 kg at 56 days of age compared to S 12-piglets mainly because of a 
higher feed intake and milkconsumption per'piglet (Van der Steen 1983). Similar 
differences at 35 days of age were found by Nelson and Robison (1976a), al
though the differences of U . 5  kg they found at 5 6  days (weaning age in 
their study) were larger. This difference remained constant throughout the rearing 
period while we found a decrease. The gilts selected to be raised and mated 
showed a somewhat smaller weight difference compared to all^the piglets at 
56 day. S12-gilts showed compensatory growth and gained more backfat during 
the rearing period compared with S6-gilts This suggests a fatter carcass of 
S12 animals despite increased gain and similar feeding levels. Regression 
coefficients, pooled within subclasses, indicated that there was a positive 
relation between growth rates from birth to first weighing in the rearing 
period and from first to sixth weighing.
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Additive genetic variation in growth rate and permanent environmental 
factors such as prenatal maternal influences could have caused this positive 
relation. As no additive genetic and prenatal maternal differences existed 
between the S6 and S12 gorups because of the experimental design, the stan
dardization effect on weight at 56 days (-3.0 kg) and growth rate from 25 
to 100 kg (+10 g/day) suggested that other factors such as differences in 
activity, maintenance requirement or energy retention/energy intake 
ratio might play a role.

There were no differences in age at first oestrus between all S6 and 
S12 gilts (figure 1) although S12-gilts which produced a litter tended 
to reach first oestrus somewhat sooner than S6-gilts. This small difference 
resulted in a difference in percentage of gilts inseminated at their first 
oestrus (table 3). S6-gilts produced larger litters compared with S12-gilts 
after correction for oestrus number at insemination (and conception). Cor
rection was necessary as no significant differences in age at first oestrus 
were found between all S6 - and S12 gilts. Model 1 gave a more accurate 
correction as more data were invblved to estimate the effect of oestrus number 
at conception. The realized difference in litter size during the suckling 
period was 5.1* piglets which gave m=-0.32/5-1+ =-0.06. The results found do 
not support the hypothesis Robison (1979) postulated.Humber of Corpora Lutea 
at slaughtering after the first oestrus after weaning of the first litter are 
given in table 1*. The standardization level effect tended to be significant 
(p=0.1l). The significant (S»l) interaction effect (p=0.08) suggests that 
induction of. oestrus emphasized the Standardization effect. This supports the 
hypothesis suggested by Rutledge (1980) that S6 gilts have a larger pool of 
primordial follicles.

Implication of the m.value for genetic improvement of litter size
A relatively small m .value has a marked influence on the heritability esti
mated using the regression of daughter's first litter size on daughter's 
birth litter size.
h2 ={2a2/(a2(2-m))}+ 2m (Alsing et al, 1980)

A P
= additive genetic variance

= phenotypic variance

0.15 and m=-0 . 0 6  or2 , 2 a /a =A B
-0.10 gives respectively h 0.02 and -0 .0 6 .

The solution to the problem of maternal effects depends upon the size of the 
influence of litter size in which gilts are reared on 2nd litter size. The 
breeding programme size of the breeding herds and the genetic correlation 
between first and 2nd litter size. Possible ways are correcting data for 
litters size in which a gilt was reared, standardization of litters or using 
2nd litters and other sources of information in estimating breeding value for 
litter size of sows.
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Table 1 m: Relation between the maternal effect and birth litter size for total number born.
Author species m
Falconer < 1 9 6 5 ) mice -0 . 1 3

Nelson and Robison '( 1 976b ) mice -0 . ou
Van der Steen and Van der Groes (1 9 8 2 ) mice -0.1 1
Eisen dnd Durrant ( 1980 ) mice -0.09

Nelson and Robison (1976a) pigs -0.11
Alsing e' al (1980) pigs -0.08
Rutledge (1 9 8 0 ) pigs -0 . 2 6

Table 2 The effects of standardization level on weights, growth rate, backfat and litter size.

y-variable model V si2-s6 covariables included in the mo 

age (days) b

weight at 35 days (kg) 1 9 . 5 -2 .2 *** - -

weight at 5 6  days (kg) 1 1 7 . 3 -3 .0 — - -
weight at 5 6  days of selected gilts (kg) 1 1 7 . k -2 .1*** - -
weight at first weighir^ in the rearing period (kg) 1 2k.T -2.7*** age at first 

weighing
+0.522***

weight at sixth weighing in the rearing period (kg) 1 1 0 7 .k age at sixth 
weighing

♦0 .6 2 6 ***

Growth rate from 25 to 100 kg (g/day) 1 6 0 1 ♦22** age at 25 kg -2 .2 8 ***

1 6 0 1 - -
Backfatthickness at approx. 100 kg 1 11.77 ♦0 .5 8 ** age at approx. 

100 kg
-0.022***

1 11.71 +0.50* - -
Total number of piglets born a 9.k -0.32"-3- - -
Total number of piglets born 2* 9-k -o -st"-8- - -
*«« = p <0.01; ** = p < 0.05; « * p <0.1; N.S. = non significant 
a: oestrus number at insemination effect included in the model.

g ilts  which produced a litte r  Sh\
8i, \

i/ rK ?  • I ,a»ta
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Figure 1: Cumulative percentage of gilts which
showed first oestrus before a specific 
age.

Table 3 Total number of gilts at 2U0 
days of age; oestrus number 
at conception.

Total number Number of Number of 
at 2h0 days gilts which gilts which 

produced no produced no 
litter litter

oestrus number 
at conception

S12 
S6__

93
86

37
_ 31_

11
_2J_

U5
2 8

Table U Number of Corpora Lutea after weaning of 
the first litter.

Number of sows number of Corpora Lutea
oestrus type: oestrus type:

____ sponteneous induced spontearieous induced
S 12 
S6

2l»
31

22
1 8

15.6 
1 5 .U

20.3 
2 k . 1

555



SUMMARY
Recent studies have suggested a negative covariance between maternal 

influence and additive genetic value for litter size. An increase of litter 
size of one piglet during the suckling period resulted in a decrease of 
litter size of gilts of 0.05 to 0.15 piglets.

We have carried out an experiment to verify these results for Dutch 
Landrace gilts (+ 200/generation).Within 2k hours after parturition litters 
were standardised at 6 (L) or 12 (H) piglets per litter. In comparison with 
L litter gilts, the gilts raised in H litters were heavier (+ 3.0 kg) at 
weaning (5 weeks of age), achieved a lower weight gain from 25 to 100 kg 
(- 10 g/day), and had less backfat (U.S. measurement) at 100 kg (- 0.5 mm), 
and produced smaller first litters (- 0.32 piglets). Theoretically this 
results in heritability estimates of zero, using the regression of daughters 
on dams for first litter size when the heritability.estimated free of maternal 
effects, equals 0 . 1 5  •

RESUMES

Estudios recientes han sugerido una covarianza negativa entre influencia 
materna y valor genetico aditivo para el tamano de camada. Un incremento 
de un lech6n en el tamano de camada durante su perlodo de amamantamiento 
resulto en una disminuciSn del tamano de camada de pueroas primiparas de 0,05 
a 0 . 1 5  lechones.

Hemos realizado un experimento para verificar estos resultados para 
cerdas jovenes Dutch Landrace (+ 200/generaci6n). Dentro de las 2k horas post- 
parto las camadas fueron estandarizadas a 6 (B) o 12(A) lechones por camada.
En comparaciSn con lechonas de camadas B, las lechonas criadas en camadas 
A eran mas pesadas (+3,0 kg) al destete (5 semanas de edad), alcanzaron 
menor ganancia de peso entre 25 y 100 kg (-10 gr/dia), tuvieron menos grasa 
de espinazo (medicion de E.U.) a los 100 kg (-0,5 mm) y produjeron primeras 
camadas mas pequenas(-0.32 lechones). TeSricamente, esto resulta en estimaciones 
de heredabilidad de cero, usando la regresiSn de las hijas sobre las madres 
para tamano de la primer camada cuando la heredabilidad, estimada libre 
de efectos maternos, es iqual 0 ,1 5 .-
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