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ABSTRACT: A divergent selection experiment for 
residual variance of litter size (Ve) has been carried out 
in rabbits at the University Miguel Hernández of Elche 
in Spain. The Ve was estimated as the phenotypic 
variance of litter size (LS) within female after 
correcting LS for the effects of year-season and 
lactation status. After seven generations of selection, the 
High (H) line showed a higher Ve (D=1.19 kits2, 
(P(D>0)=99%). Selection for increasing Ve decreased 
total number of kits born (D=-0.70 kits, P(D<0)=100%) 
and alive (D=−0.58 kits, P(D<0)=98%) in the H line. This 
difference in LS was related to lower embryonic (−1.38 
embryos, P(D<0) = 100%) and fetal survivals (−0.57 
fetuses, P(D<0) = 85%). In conclusion, there has been 
response to selection for Ve, and selection for Ve has 
shown a negative correlated response in litter size at birth 
by means of lower embryonic and fetal survivals.  
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Introduction 

 
San Cristobal et al. (1998) proposed that 

residual variance can be under genetic control. 
Although several variance component analyses have 
been performed for several traits and species (see 
review by Hill and Mulder (2010)), there is little 
information about actual selection experiments having 
success for this trait. Selection for residual variance has 
been proposed under complex models, which robustness 
and effectiveness have been questioned (Sorensen 
(2010)). To avoid the possible mathematical artifacts of 
complex models, a simple divergent selection 
experiment for residual variance of litter size in rabbits 
is currently carried out in Spain. The selection criterion 
is based on phenotypic variance of litter size within 
female after correcting litter size for the effects of year-
season and lactation status. Genetic and permanent 
effects are common for all records of each female, thus 
correcting litter size for systematic effects leaves only 
the residual random effect, and the phenotypic variance 
within female is a direct estimate of the residual 
variance of litter size. The objective of this study is to 
analyze whether the selection for residual variance of 
litter size shows a correlated response on litter size and 
its components; i.e. ovulation rate, embryonic and fetal 
survivals. 

 

Materials and Methods 
 

Animals. Animals came from the seventh 
generation of a divergent selection experiment for 
residual variance of litter size. In the seventh generation 
of selection, there were 126 females in the High (H) line 

and 103 in the Low (L) line. All animals were bred at 
the farm of the University Miguel Hernández of Elche. 
They were kept under a constant photoperiod of 16 h 
continuous light: 8 h continuous darkness and 
controlled ventilation. The females were mated first at 

18 wk of age and at d 10 after parturition thereafter, 
producing an average of 3.9 parities. Selection was 
based on phenotypic variance of litter size within 
female after correcting litter size for the effects of year-
season and lactation status, which we refer to as residual 
variance of litter size (Ve). The effect of year-season 
included four levels and the effect of lactation status 
included three levels (nuliparous, lactating and 
nonlactating females). The Ve was calculated using the 
minimum quadratic risk estimator for each female i:  
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Where xi is litter size after correcting for year-season 
and lactation status and ni is the number of parities of 
each female. A laparoscopy was performed in all 
females at 12 d of second gestation in order to count 
ovulation rate (OR) and number of implanted embryos 
(IE).  
 

Statistical Analysis. All analyses were 
performed using Bayesian methodology. The traits 
analysed were residual variance of litter size (Ve), total 
number of kits born (NB), total number of kits born 
alive (NBA), ovulation rate (OR), implanted embryos 
(IE) and total number of kits born at term of second 
gestation (NB2). The model used to analyse Ve 
included only the effect of line (with two levels: the H 
and L line of the 7th generation of selection). The traits 
NB and NBA were analyzed using a model with line, 
year-season, lactation status and female effects. The 
model for OR, IE and NB2 was the same as for NB and 
NBA but female effect was not included since only data 
from one parity were available. Additionally, the model 
for IE and NB2 also incorporated covariates OR and IE, 
respectively; therefore, after correction, IE is a measure 
of embryonic survival and NB2 a measure of fetal 
survival. Bounded uniform priors were used for all 
unknowns with the exception of the female effect, 
which was considered normally distributed with mean 0 
and variance 2

fσI , where I is an identity matrix, and 2
fσ  

is the a priori variance of the female effect. Residuals 
were a priori normally distributed with mean 0 and 
variance 2

eσI . The priors for the variances were also 
bounded uniform. Marginal posterior distribution of 
differences between lines were estimated using Gibbs 
sampling. After some exploratory analyses, a chain of 
60,000 samples, with a burn-in period of 10,000 was 



used. Only one of every 10 samples was saved for 
inferences. Convergence was tested using the Z criterion 
of Geweke (Sorensen and Gianola (2002)) and Monte 
Carlo sampling errors were computed using time-series 
procedures described in Geyer (1992). 

 
Results and Discussion 

The means and standard deviation for all traits 
are shown separately for the High (H) and Low (L) lines 
in Table1. Table 2 presents the features of the estimated 
marginal posterior distributions of the differences (D) 
between the H and L lines. All Monte Carlo standard 
errors were very small and lack of convergence was not 
detected by the Geweke test. 

Table 1. Means and standard deviation (SD) of the 
traits analyzed in the High (H) and Low (L) lines 
selected for residual variance of litter size. 

 H line  L line 
 n Mean SD n Mean SD 
Ve 126 4.75 4.25 103 3.54 3.32 
NB 487 7.46 3.27 397 8.17 2.93 
NBA 487 6.48 3.61 397 7.14 3.42 
OR 94 13.45 2.54 82 13.33 2.35 
IE 94 10.18 3.43 82 11.49 2.90 
NB2 94 6.89 3.96 82 8.23 4.23 
n: number of data. Ve: residual variance of litter size. NB: 
total number of kits born. NBA: total number of kits born 
alive. OR: ovulation rate. IE implanted embryos corrected by 
ovulation rate. NB2: total number of kits born at term of 
second gestation corrected by number of implanted embryos. 

 
Table 2. Features of the estimated marginal posterior 
distributions of the differences (D) between the High 
(H) and Low (L) lines selected for residual variance 
of litter size. 

 D HPD95% P 
Ve 1.19 0.36,  2.17 99 
NB -0.70 -1.21, -0.20 100 
NBA -0.58 -1.15, -0.06 98 
OR 0.13 -0.64, 0.85 64 
IE -1.38 -2.21, -0.50 100 
NB2 -0.57 -1.55, 0.49 85 
HPD95%: highest posterior density region at 95%. P: P(D>0) 
when D>0 and P(D<0) when D<0. Ve: residual variance of 
litter size. NB: total number of kits born. NBA: total number 
of kits born alive. OR: ovulation rate. IE: implanted embryos 
corrected for ovulation rate. NB2: total number of kits born at 
term of second gestation corrected for number of implanted 
embryos. 

 
After seven generation of selection, the H and L 

lines show a difference of 1.19 kits2 for selection criterion 
(Ve), with (P(D>0) = 99%). Besides, selection for residual 
variance of litter size seems to display a correlated 
response on litter size. The H line showed lower total 
number of kits born (D=−0.70 kits, P(D<0) = 100%) and 
total number of kits born alive (D=−0.58 kits, P(D<0) = 
98%) than the L line. This result is in agreement with the 
negative correlation between Ve and litter size reported by 
Sorensen and Waagepetersen (2003) in pigs and Ibáñez-
Eschiche et al. (2008) in rabbits using the San Cristobal et 
at. (1998) model. However, this correlation has been 

questioned because of the lack of robustness of this 
model, that gives different estimations depending on 
how the data fits the assumptions of the model (Yang et 
al. (2011)). Females can show high litter size variability 
due to a higher sensibility to stress and a lower disease 
resistance, producing a negative correlation between Ve 
and litter size at birth. In a companion paper, Argente et 
al. (2014) have analysed the effect of selection for 
residual variance of litter size on immunological and 
health status of females. The smaller litter size in the H 
line is related to both lower embryonic survival 
(difference between lines in IE corrected for ovulation 
rate= −1.38 embryos, P(D<0)= 100%) and fetal survival 
(difference between lines in NB2 corrected for number 
of implanted embryos = −0.57 fetuses, P(D<0)= 85%). 
 

Conclusions 
 

Selection for residual variance of litter size (Ve) 
has been successful, and it has shown a negative 
correlated response in litter size at birth by means of lower 
embryonic and fetal survivals. 
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