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ABSTRACT  
 

This study compares growth traits (weaning weight, slaughter weight and average daily gain) in four 
maternal lines of rabbits, A, V, H y LP, founded under different criteria, but all of them selected for 
litter size at weaning at the nucleus of the Polytechnic University of Valencia, until generations 41th, 
37th, 10th (only until May 2004) and 6th respectively . A Bayesian approach was used for inference. 
Two types of comparisons were performed. One was carried out at the origin of the lines, using the 
complete data set (data from June 1980 to November 2010) and a two-trait analysis. Each growth trait 
was analysed together with litter size at weaning to avoid bias due to selection. The model used for the 
growth traits was a mixed model that includes as random effects, the additive, the maternal and the 
litter of birth. The consideration of the complete data set and the inclusion of the additive effects allow 
the comparison between the lines at their origin and allowed to predict the differences for given 
periods (expected differences). The other type of comparisons, at fixed periods of time, was done from 
March 1997 to August 1998 for comparisons between the lines A, V and H (period 1), and from 
December 2009 to November 2010 for comparisons between the lines A, V and LP (period 2). Each 
period of comparison corresponded to the last period when all the lines of each set were housed 
together at the nucleus, having the same management. These analyses used only the data 
corresponding to each period and one-trait models for the growth traits.  These models were the same 
than the ones referred for the comparisons at the origin, but the additive effects were excluded. These 
comparisons allow estimating the actual differences between the lines at the given periods (observed 
differences) and comparing them to the expected differences for the same periods. A similarity 
between observed and predicted differences can be interpreted as an indication of the suitability of the 
complete model to explain the traits.   
The estimates of the genetic correlations between litter size at weaning and growth traits were positive 
but low. At the origin, significant differences were observed for growth traits between the different 
lines. The contrast between H and LP lines was not done because they only shared two years-season.  
The results showed that at the origin, the H and LP lines were the heaviest. These differences may be 
due to different criteria and processes used to establish these lines. In period 1, the results showed that 
the H line was the heaviest. In period 2, the results showed that the LP line was the heaviest. In both 
periods, the observed (computed with the records of each period) and the expected differences 
(computed with the complete model and data set) were very similar for all traits in the two periods, 
indicating the suitability of the used models. At each period, the differences between lines for growth 
traits were smaller than at the origin. This result could be due to a correlated response to the selection 
for litter size at weaning and to the direct response to a concomitant, non-programmed selection for 
the growth traits themselves different in intensity between the lines. 
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INTRODUCTION  
 

The litter size is an important component in rabbit production and its genetic improvement is 
considered an effective way to improve economic efficiency in this production (Armero y Blasco, 
1992).  In general, meat production in rabbits is based on a three-way crossbreeding scheme (Lebas et 
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al., 1996) that needs maternal and paternal lines. The criteria of selection for maternal lines used are 
litter size at birth or at weaning (Rochambeau et al., 1998, Garreau et al., 2004) and for paternal lines 
post-weaning daily gain or some weight close to slaughter time (Nagy et al., 2006), traits that are also 
economically important(Armero y Blasco, 1992).  Therefore, it is important to take into account how 
the growth traits will be affected by the foundation of the maternal lines and by their selection for 
reproductive traits, because the crossbred does provide to the rabbits for slaughter 50% of their genes. 
The males of the paternal lines provide the other 50% and these males have very high genetic value for 
growth and, consequently, is also necessary than the maternal lines have an acceptable level for these 
traits, and if possible, from their foundation.   
 
The objective of this study was to compare growth traits (weaning weight, slaughter weight and 
average daily gain) at the origin and at fixed periods during the selection process of four maternal lines 
of rabbits, founded under different criteria but all of them selected for litter size at weaning. 
 
 

MATERIALS AND METHODS 
 
Animals and experimental design  
 
This study was carried out in four maternal lines of rabbits housed in the nucleus of the Polytechnic 
University of Valencia (Spain). These lines are A, V, H and LP and the analysis included all the data 
recorded from the 1st generation to the current generation at November 2010 (41th, 37th, 10th (only until 
May 2004) and 6th respectively). These lines have remained as closed populations since the foundation 
to the present and selected for litter size at weaning. Line A was generated in 1980 from New Zealand 
White rabbits. This line had been selected by a family index (Baselga et al., 1984, Estany et al., 1989). 
Line V was generated in 1984 from four different synthetic populations. This line has been selected by 
through BLUP under a repeatability animal model (Estany et al., 1989), as for lines H and LP. Line H 
was founded by applying hyperprolific selection and embryo cryopreservation techniques from a large 
commercial population (Cifre et al., 1998). The LP line was created by selecting females from 
commercial farms that showed an extremely long productive life, associated with prolificacy near or 
above the average of the Spanish commercial rabbit population (Sánchez et al., 2008). The line H was 
housed on the same farm until its 10th generation of selection (May 2004) when it was moved to 
another farm. 
 
The reproductive management was semi-intensive, the does were mated for first time at 17 weeks of 
age. After first parturition does were serviced 10-12 days post-kindling and a pregnancy test was 
carried out by an abdominal palpation on day 12 after mating. The does that did not accept the buck 
were presented to the male 1 week later and does that were not pregnant were also returned to repeat 
mating. Matings between close relatives were avoided and mates did not have common grandparents. 
Litters were reared by their dams, without fostering, until weaning at 28 days. At weaning, rabbits 
were individually identified by a number tattooed on the ear and placed into collective cages of about 
eight rabbits until marketing at 63 days. Rabbits were fed a standard commercial pellet diet, offered ad 
libitum  
 
The growth traits studied were: weaning weight (WW), slaughter weight (SW) and average daily gain 
(ADG). The numbers of records were 323,208 for WW, 300,553 for SW and ADG coming from 
46,708 litters with their number of born and weaned rabbits recorded. The pedigree file included 
346,638 animals. 
 
Statistical Analysis 
 
To avoid bias in the estimates due to the selection process (Sorensen and Johansson, 1992), the 
analyses of WW, WS and ADG were carried out together with litter size at weaning, i.e. the selection 
criteria. Two-trait models were used, one for each of the growth traits and the other for litter size at 
weaning; thus considering the complete data set, the variances components and the differences 
between lines at origin were estimated. The model for each growth traits was: 
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Yjklmn = LAEj + OPk + bNVn + al + mm+ con + ejklmn 

 
Where: Yjklmn is a record of the trait of animal l; LAEj is the effect of  line-year-season combination, 
line of animal l and the year-season in which the animal l was born (one year-season every 3 month: 
298 levels for all lines); OPk is the effect of  the order of parity (5 levels: 1st, 2nd, 3rd, 4th, and >4th), NVn 
is a covariate including the number of born alive in the litter in which the animal was born, being b the 
regression coefficient; al is the random additive value of animal l;  mm is the random effect of  its dam 
(animal m is the dam  of the  individual l); con is the random effect of the litter in which the animal 
was born and ejklmn is the residual effect. 
 
The model for litter size at weaning was: 
 

NWjkl = LAEj + EFk + al + pl + ejkl 
 

Where: NWjkl is the litter size at weaning of a parity of dam l, EFk is the effect of the physiological 
state of the doe (5 levels: nulliparous, primiparous lactating, primiparous non-lactating, multiparous 
lactating and multiparous non-lactating), pl is the random, permanent effect of the doe l. Other 
components of the model were defined above. 
 
The correlation structure between the random effects was: between the additive effects of the two 
groups of traits related through the numerator relationship matrix and the maternal effect of growth 
traits (mm) with the permanent effect of the litter size at weaning (pl). Also, to specify the 
environmental covariance structure between each of the growth traits and NW, the term ejkl of the NW 
model was divided in two parts, c and e*, The first effect was assumed to be  correlated with the effect 
of the litter on growth trait model (con) and the second uncorrelated (García y Baselga, 2002). For 
solving these two-trait models (variance components, systematic and random effects estimation) 
gibbs2f90 (Misztal et al., 2002) was used, assuming flat priors for systematic effects and variance 
components, and normal priors for random effects. 
 
Contrasts between lines at their foundation: As in Ragab and Baselga (2011), the differences between 
pair of lines at foundation were calculated from the estimates of the LAE effects. To do this, we 
considered the difference between the averages for each line of the pair of the LAE effects 
corresponding to the levels shared by the two lines under the same environmental conditions. Because 
the effect of selection is considered in the models by the additive effects, the line effect refers to the 
time of foundation of the lines.  
 
Contrasts between lines at fixed times: The times chosen for the comparisons were the more recent 
periods when different sets of three of lines were housed together at the nucleus having the same type 
of cages and management. They were from March 1997 to August 1998 (period 1) for lines A, V and 
H, and from December 2009 to November 2010 (period 2) for lines A, V and LP. For estimating 
observed differences, the additive genetic effects were excluded from the models and only the data 
recorded during the shared times of comparison were used. Thus, the line effects refer to the real 
genetic merit of the lines at the time of comparison as a consequence of selection and genetic drift. 
Thus, the statistical models used in these analyses were the same as described for the differences at the 
foundation, but the additive genetic effects were not considered. Expected differences between the 
lines at fixed times using the complete model and data set can be computed as the contrast between 
lines during the times shared (period 1 and period 2), plus the difference between the averages of the 
additive genetic values of the animals of each line having data in this period. These expected estimates 
were computed and their comparison to the observed differences provides evidence of the 
appropriateness of the genetic models used. 
  
 

RESULTS AND DISCUSSION 
 
Table 1 shows the contrasts between the lines A, V, H and LP for the traits WW (g), SW (g) and ADG 
(g/day) at foundation. The contrasts A-V showed that line A was superior to line V, with a probability 
of this contrast to be greater than 0 of 0.99 for WW, 0.97 for SW and 0.75 for ADG, although the HPD 
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95% (highest posterior density region at 95 %) of SW and ADG included the 0. The contrasts between 
the lines H and LP with the lines A and V (A-H,   V-H, A-LP and V-LP) pointed out  that the lines H 
and LP were the  heaviest with a probability of zero or near zero of these contrasts to be greater than 0. 
 
Table 1: Contrasts between the lines A, V, H and LP for WW (g), SW(g) and ADG (g/day) at 

foundation. (Posterior means ± posterior standard deviations). 
Trait A-V A-H V-H A-LP V-LP 

WW(g) 28±12 -24±14 -59±14 -66±16 -120±16 
SW(g) 70±38 -142±33 -214±49 -217±34 -372±57 

ADG(g/d) 0.51±0.78 -3.99±0.77 -4.19±1.12 -5.18±0.8 -6.93±1.33 

 
Table 2 shows the contrasts between the lines A, V, H and LP for the growth traits at fixed times 
(observed differences). In period 1, the contrast A-V showed that line A was superior for WW, with a 
probability of 1.00 of this contrast to be greater than 0, but the line V was superior for SW and ADG, 
being 0.17 and 0.00 respectively, the probability that the contrasts were positive. However, the HPD 
95% of SW included the 0. The contrasts involving line H (A-H and V-H), indicated that this line was 
the heaviest with a probability of 0 that all these contrasts were positive, excepted the A-H contrast for 
WW that had a probability of 0.25 (its HPD 95% included 0).  
 
Table 2: Contrasts between the lines A, V, H and LP for WW(g), SW(g) and ADG (g/day) at fixed 

time (Observed differences). (Posterior means ± posterior standard deviations). 
Period 1 Period 2  

Trait A-V A-H V-H A-V A-LP V-LP 
WW (g) 17±5 -4±5 -20±5 -7±8 -53±7 -46±6 
SW (g) -8±9 -59±10 -51±9 -17±13 -88±13 -71±11 

ADG (g/day) -0.87±0.18 -1.71±0.20 -0.85±0.18 -0.44±0.28 -1.18±0.22 -0.74±0.22 
 
Table 3:  Contrasts between the lines A, V, H and LP for WW (g), SW (g) and ADG (g/day) at fixed 

time (Expected differences) (Posterior means ± posterior standard deviations) 
Period1 Period 2  

Trait A-V A-H V-H A-V A-LP V-LP 
WW (g) 22±5 2±5 -20±5 0±7 -44±6 -45±6 
SW (g) -6±8 -56±9 -50±8 -20±10 -80±10 -61±8 

ADG (g/day) -1.00±0.15 -1.82±0.17 -0.82±0.16 -0.58±0.20 -1.19±0.20 -0.60±0.16 
 
In period 2, the contrast A-V showed that, for all the studied traits, the line V was the heaviest and the 
probabilities of the contrasts to be greater than 0 were 0.17 for WW, 0.09 for PS and 0.05 for ADG. 
However, the corresponding HPD 95% included the 0. The contrasts for line LP (A-LP and V-LP) 
showed that this line was the heaviest  with the probability that these contrasts were greater than 0 
were zero for all.  The expected differences between lines (Table 3) are similar to the observed 
differences (Table 2). This similarity possibly indicates the appropriateness of the models used to 
analyse the traits. It should be noted that the observed differences at different times of the process of 
selection follow the same trend as the differences estimated at the origin of lines but their magnitude 
decreased. The lines differ in the number of generations of selection and this factor could explain part 
of the decrease as a correlated response (positive genetic correlation between NW and growth traits: 
0.29, 0.13 and 0.15 respectively for WW, SW and ADG) and for the effect of a concomitant, non-
programmed selection tending to partly benefit the selection of animals with heavier weight, mainly in 
the V line.     
  
 

CONCLUSIONS 
 
The results showed that at the origin there are important differences between the lines in growth traits 
that could be partly explained by the different procedures used for establishing the lines. In general, 
the differences at the origin are kept along the process of selection, but their magnitude tend to 
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decrease, due to differences in the number of generations of selection and to the effect of a 
concomitant, non-programmed selection for the growth traits. The similarity, between observed and 
predicted differences at fixed times for all traits and pair of lines, is an indicator of the suitability of 
the genetic model used to analyse the data.  
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