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Introduction 

Ovulation rate is, together with prenatal survival, the foremost component of litter size, and it 

is a limiting factor for its improvement. Ovulation rate is correlated with litter size and it has 

higher heritability (Blasco et al. (1993b)). For these reasons, selection for ovulation rate has 

been proposed as an alternative to increase litter size.  

 

There are several selection experiments for ovulation rate in pigs and mice, but, to our 

knowledge, no selection for ovulation rate has been performed in rabbits hitherto. In these 

experiments, there was an increase in ovulation rate, but the correlated response in litter size 

was low (Cunningham et al. (1979) and Rosendo et al. (2007) in pigs; Land and Falconer 

(1969) and Bradford (1969) in mice). Unlike pigs, in rabbits there is no embryo uterine 

transmigration, thus selection for ovulation rate in rabbits could lead to different results. 

 

The aim of this study is to evaluate direct response and correlated response in litter size in a 

rabbit line selected for ovulation rate during 8 generations. 

Material and methods 

Animals. All experimental procedures involving animals were approved by the Polytechnic 

University of Valencia Research Ethics Committee. Animals belonged to a rabbit line 

selected for ovulation rate during 8 generations. This line was previously selected for uterine 

capacity during 10 generations and then, selection was relaxed for 6 generations. Selection 

was based on the phenotypic value of ovulation rate estimated at day 12 of second gestation 

by laparoscopy. Selection pressure was about 30% in females. Males were selected from 

litters of selected does within male families. At the end of each generation, females were 

slaughtered at different parities (from 3
rd

 to 6
th

). The base population consisted of 86 females 

and 19 males. The number of females and males in the following generations was: 75-27, 93-

19, 88-16, 91-19, 60-15, 107-20, 85-17 and 98-15, respectively.  

 

Traits. Litter size (LS) was measured at each parity. Ovulation rate (OR), implanted 

embryos (IE), embryo survival (ES), fetal survival (FS) and prenatal survival (PS) were 

measured at second gestation. Besides, IE and ES were measured at the last gestation from 

the 1
st
 to the 5

th
 generations. OR was also measured at the last gestation in each generation. 
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OR was estimated as the number of corpora lutea in both ovaries by laparoscopy at second 

gestation and post mortem at the last gestation. LS was measured as the number of total born 

in up to 5 parities. IE was estimated as the number of implantation sites. ES, FS and PS were 

calculated as 100xIE/OR, 100xLS/IE and 100xLS/OR, respectively. A total of 1176 and 

2318 records from 682 females were used to analyze OR and LS, respectively, while 908 

records were used to analyze IE and ES and 619 records to analyze FS and PS. 

 

Statistical Analyses. A bivariate repeatability animal model was fitted. It was assumed that 

all ovulation rates of all gestations were the same trait due to the high genetic correlation 

between them (Laborda et al. (2009)). The model assumed for OR, IE and ES was: 

 

yijklm= YSi + Lj + Pk + aijkl + pijkl + eijklm 

 

where YSi is the effect of year-season (24 levels), Lj is the effect of lactation state of the doe 

(2 levels: multiparous lactating does and multiparous not lactating does when mated), Pk is 

the effect of parity (5 levels), aijkl is the additive value of the animal, pijkl is the permanent 

environmental effect and eijklm is the residual of the model. The model for FS and PS did 

neither have the parity effect nor the permanent environmental effect, because records came 

only from the second parity, and the year-season effect had 23 levels. The model for litter 

size was the same model, with 3 levels for Lj (nulliparous does, multiparous lactating does 

and multiparous not lactating does when mated).  

 

Bayesian inference was used. Bounded uniform priors were used for all unknown parameters 

except for the additive and permanent effects, which were normally distributed with mean 0 

and variance 
2

AA and 
2

pI , respectively. Priors for variances were also bounded uniform.  

Permanent and residual effects were uncorrelated between individuals. Marginal posterior 

distributions of all unknowns were estimated by using the Gibbs sampling algorithm. Chains 

of 1,000,000 samples each were used, with a burning period of 100,000. One sample each 

100 was saved to avoid the high correlation between consecutive samples. Convergence was 

tested using the Z criterion of Geweke.  

Results and discussion 

Means and standard deviations for OR, LS, IE, ES, FS and PS are in agreement with values 

published by other authors in maternal rabbit lines (Blasco et al. (1993a); García et al. (2001); 

García and Baselga (2002); Piles et al. (2006)) (results not shown). 

 

Features of the marginal posterior distributions of the heritabilities for OR, LS, IE, ES, FS 

and PS are shown in table 1. The heritability obtained for OR is similar to the ones obtained 

in rabbits by Blasco et al. (1993a) (0.21) and Bolet et al. (1994) (0.24). Heritability estimate 

for LS is low (0.09), with a probability of 95% of being higher than 0.04.  

 

Features of the marginal posterior distributions of the genetic correlations of OR with the 

traits LS, IE, ES, FS and PS are presented in table 2. The genetic correlation between OR and 

LS is positive (P=93%) and similar to other results (Blasco et al. (1993a) (0.36) in rabbits 

and Johnson et al. (1999) (0.24) in pigs). There is a high genetic correlation between IE and 



OR, with a probability of 85% of being higher than 0.50. The genetic correlations of OR with 

FS and PS are negative and moderately high. The probability of being negative is 96% and 

89%, respectively. The genetic correlations of OR with ES, FS and PS have a low accuracy, 

as it is expected, due to the low number of records. This low accuracy is shown by the high 

HPD intervals. 

 

Table 1: Features of the marginal posterior distributions of the heritabilities for 

ovulation rate (OR), litter size (LS), implanted embryos (IE), embryo survival (ES), 

fetal survival (FS) and prenatal survival (PS). 
 

Traits mean median HPD95% P0.10 k 
 
OR 0.16 0.16 0.07 , 0.24 0.88 0.08 
 
LS 0.09 0.09 0.04 , 0.15 0.38 0.04 

IE 0.11 0.11 0.04 , 0.19 0.61 0.05 
 
ES 0.09 0.09 0.02 , 0.17 0.38 0.03 
 
FS 0.14 0.13 0.02 , 0.26 0.69 0.04 

 
PS 0.09 0.08 0.00 , 0.19 0.35 0.02 

HPD95%: high posterior density interval at 95%. P0.10: probability for the heritability being higher than 0.10. k: limit for 
the interval [k, ∞] having a probability of 95%. 

 

Table 2: Features of the marginal posterior distributions of the genetic correlations of 

ovulation rate (OR) with other traits: litter size (LS), implanted embryos (IE), embryo 

survival (ES), fetal survival (FS) and prenatal survival (PS). 
 

Traits mean median HPD95% HPD90% P k 

OR, LS (a) 0.29 0.29 -0.10 , 0.66 -0.02 , 0.61 0.93 -0.03 

 OR, IE (a) 0.68 0.70  0.37 , 1.00 0.44 , 1.00 1.00 0.37 

OR,
 
ES (b) -0.12 -0.12 -0.69 , 0.51 -0.61 , 0.37 0.66 0.38 

OR, FS (b) -0.51 -0.51  -1.00 , -0.05 -1.00 , -0.16 0.96 -0.05 

OR, PS (b) -0.43 -0.46 -1.00 , 0.19 -1.00 , 0.03 0.89 0.19 
HPD95%: high posterior density interval at 95%. HPD90%: high posterior density interval at 90%. P: probability for the 

correlation being higher (a) or lower (b) than 0.  k: limit for the interval (a) [k, ∞], (b) [k, -∞], having a probability of 95%. 

 

The response to selection for OR and the correlated responses in LS, IE, ES, FS and PS are 

shown in figure 1. After 8 generations of selection, OR increased in 1.21 ova (0.15 

ova/generation). The correlated responses per generation in LS and IE were 0.04 kits and 

0.10 embryos and ES, FS and PS decreased 0.20%, 0.48% and 0.43% respectively.  

 

Selection for ovulation rate was proposed as a promising way of increasing litter size 

indirectly. Although direct selection for litter size had low success, a correlated response in 

ovulation rate was observed in rabbits (Garcia and Baselga (2002)) and mice (Gion et al. 

(1990)). Besides, in an experiment in pigs, litter size was increased directly in a line 

previously selected for ovulation rate (Lamberson et al. (1991)), one of the limiting factors 

for improving litter size. Our selection line was previously selected for uterine capacity, the 

other important restricting factor. There could be a response on litter size when the 

components of litter size are not limiting. However, the correlated response in litter size was 

low in our experiment. Other experiments of selection for ovulation rate in pigs (Johnson et 

al. (1984) and Rosendo et al. (2007)) and mice (Land and Falconer (1969) and Bradford 



(1969)), in which there was an increase in ovulation rate (values ranging from 0.13 to 0.49 

ova/generation), had no significant correlated increase in litter size (0.02 to 0.15 total 

born/generation). The correlation of OR with ES, FS and PS is negative. It was suggested 

that selection for high ovulation rate could induce ovulation of immature oocytes (Koenig et 

al. (1986)), decrease fertilization rate and embryo survival and increase the number of 

stillborn and mummified fetuses (Cunningham et al. (1979); Johnson et al. (1999)).  
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Figure 1: Genetic trends for: (a) ovulation rate (OR), litter size (LS) and implanted 

embryos (IE); (b) embryo survival (ES), fetal survival (FS) and prenatal survival (PS). 

Conclusion 

Selection for ovulation rate in rabbits has increased, but the correlated response in litter size 

was low, and similar to the response obtained in other experiments of selection for litter size.  
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