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INTRODUCTION 
The development of maternal lines is a crucial activity of the companies and public institutions 
devoted to the genetic improvement of meat rabbit production. These lines are commonly 
selected on litter size traits, as litter size at birth or at weaning, following within line methods 
of selection (Matheron and Rouvier, 1977 ; Rochambeau, 1988 ; Blasco, 1996). 
 
In rabbit production for meat, two maternal lines are crossed to get crossbred does that are used 
in commercial farms in order to take advantage of the expected positive heterosis in the 
reproductive traits, the eventual complementarity among the lines and the dissipation of the 
inbreeding accumulated within the lines. Because the usual method of selection is within line 
and not a method as the reciprocal-recurrent selection, that tries to improve directly the 
performance of the crossbred does, a very important point is to check the heterosis maintained. 
This is done from time to time in the French programme of rabbit breeding (Rouvier and Brun, 
1990). In Spain, the Department of Animal Science (Universidad Politécnica de Valencia) 
started a programme of meat rabbit lines at the end of the seventies. Currently, the programme 
has three maternal lines, called, A, H and V, that are being selected for litter size. 
 
The aim of this work is to estimate the effects involved in the cross of the previously cited lines 
for reproductive traits, trying to relate the results with the performances of the lines themselves 
and the peculiarities of their foundation. 
 
MATERIAL AND METHODS 
A complete diallel cross has been carried out involving three rabbit maternal lines, A,V and H, 
selected for litter  size. Line A has been selected for litter size at weaning since 1980 evaluating 
the animals by a family index (Baselga et al.,1984). Line V has been selected for the same trait 
since 1982 being the evaluation through BLUP under a repeatability animal model (Estany et 
al.,1989). Line H is selected for the number of born alive per litter using the same procedure of 
evaluation as in line V. The foundation of line H was done following a criterion of 
hiperprolificacy (Cifre et al.,1998).  
 
The experiment, carried out in a commercial farm, near Valencia, involved 1119 does, all of 
them born in the commercial farm and, approximately, equally distributed between the nine 
type of does. The does were inseminated with pooled semen of bucks of the line R, selected for 
post-weaning daily gain (Estany et al.,1992). The age of the does at the first insemination was 
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17 weeks and 11 days after kindling  the does were again inseminated. The recorded traits were 
the total number of young born, the number of born alive and the number of still born per litter, 
and the interval between kindlings. A total of  3759 parities were recorded.  
 
The model used in the analysis of the  traits was : 
Yijkl=Di+Sj+Ek+al+pl+eijkl     being, 
Yijkl , one observation of the trait being analysed, 
Di , ith type of doe (nine levels, three straight-bred  and six crossbred),   
Sj , jth year season (one year season every three months: 10 levels), 
Ek , kth physiological state of the doe ( five levels depending on the parity order and lactation 
state at the moment of insemination), 
al (pl), the additive value (permanent non additive value) of the lth doe. It is a random effect, 
eijkl , the error term of the model. 
The PEST programme (Groeneveld, 1990), performing mixed model methodology, has been 
used to solve the models using ratios of variances obtained from the literature (Gómez, 1994). 
Estimates of differences between direct genetic effects of the lines, differences between 
maternal genetic effects of the lines and individual heterosis between the lines (Dickerson, 
1969) have been estimated by minimum square contrasts of the solutions given by the PEST to 
the type of doe effect.  
 
RESULTS AND DISCUSSION 
A general picture of the size of the experiment, the crude overall means, standard deviations 
and range of variation of the recorded traits are shown in Table 1. It is remarkable, from a 
productive point of view the high average prolificacy obtained, despite three groups of does are 
pureline does. 
 
Table 1. Description of the data 
 

Trait N1 Mean SD2 Minimum Maximum 
Total Born 3759 10.448 3.078 1 23 
Born Alive 3759 9.638 3.643 0 23 
Still Born 3759 0.810 2.127 0 18 

KI3 2505 58.107 16.377 37 147 
1. Number of  observations 2. Standard Deviation 3. Kindling Interval 
 
Direct and maternal genetic effects.  Significant differences in direct genetic effects between 
lines have been found for total litter size, number of born alive and kindling interval (Table 2.), 
but not for absolute mortality at birth. When significant differences existed, they favoured line 
V, compared to line A, being important the magnitude of the differences. More than 1.2 young 
in litter size and around 8 days in interval between kindlings. Line H did not show significant 
differences with lines V and A.  

Session 04. Poultry and rabbit breeding Communication N° 04-10 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

 
Table 2. Direct genetic effects 
 

Trait dA-dV dH-dV 
Total Born -1.22±0.43* -0.60±0.43 
Born Alive -1.36±0.50* -0.83±0.52 
Still Born 0.14±0.31 0.23±0.31 

KI1 8.52±1.95* 0.85±2.05 
1. Kindling interval *. Significant difference at α=0.05. 
 
Concerning maternal genetic effects, the observed differences between lines are small and no 
significant (Table 3). It means that the total differences between the lines, adding the direct and 
the maternal genetic effects, are mainly due to the direct genetic effects that in general are 
pointing the superiority of line V respect to line A. Cifre et al. (1998) in a large size experiment 
comparing line H, line V and the cross AxV, found that line H was superior to the others in 
litter size traits and not different in kindling interval.  
 
Table 3. Maternal genetic effects 
 

Trait mA-mV mH-mV 
Total Born 0.01±0.25 0.11±0.25 
Born Alive -0.04±0.30 -0.04±0.30 
Still Born 0.05±0.18 0.15±0.18 

KI1 -1.44±1.20 0.24±1.22 
1. Kindling interval *. Difference significant at α=0.05. 
 
Individual heterosis. The results are shown in Table 4. It can be seen that there are not 
significant heterosis between lines for the number of still born per litter and only a significant, 
favourable but small heterosis for the kindling interval between lines A and H. The picture for 
the other traits is very clear, line A shows significant individual heterosis with lines V and H in 
both prolificacy traits, total born and born alive per litter. The corresponding heterosis 
estimates range between 0.45 and 0.98 young per litter, that expressed as percentage defines a 
range between 4 and 10%. The heterosis between line V and H was not significant for all traits. 
Several explanations can be envisaged for this result. One of them takes into consideration the 
fact that line H was founded by a procedure based on hiperprolificacy, selecting in commercial 
farms (Cifre et al., 1998) that could be highly influenced by the V line and by the fact that the 
first batch of hyperprolific does was crossed to bucks of the V line. It means that V and H lines 
are genetically close and the expected heterosis should be low. Another  explanation considers 
that both V and H lines have a very high prolificacy, higher than line A, and consequently it 
could be expected low differences in the frequencies of the genes affecting prolificacy and then 
low heterosis as it has been found by Minvielle et al. (1999) in quails. In France, INRA has 
been selecting since the seventies two maternal lines for litter size traits. These lines named 
INRA 2066 and INRA 1077 are crossed to get the crossbred doe 1067. Brun and Saleil (1994) 
have estimated for the cross of these lines heterosis of 15.2%, 20.1% and 6.7% for the traits 
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total litter size, born alive and number of young weaned. These figures are high, despite the 
long number of generations of selection followed in those lines. Nofal et al. (1996) give values 
of 12.5%, 10.0% and 5.5% of heterosis for the same traits previously cited, referred to the cross 
between New Zealand White and Californian. The heterosis between line V and INRA 2066 
for the traits total litter size and number of born alive has been studied by Brun et al.(1998) 
reporting values of 13.6% and 20.7% for the respective traits.  
 
Table 4. Individual heterotic effects 
 

Trait hAV hAH hVH 
Total Born 0.45±0.19* 0.71±0.20* 0.19±0.19 
Born Alive 0.53±0.23* 0.98±0.24* 0.12±0.23 
Still Born -0.08±0.14 -0.27±0.14 0.06±0.14 

KI1 -1.55±1.06 -2.49±1.17* 1.76±1.12 
1. Kindling interval *. Difference significant at α=0.05. 
 
CONCLUSION 
Significant differences in direct genetic effect have been found between maternal lines highly 
selected for litter size, but not in maternal genetic effects for traits of prolificacy and kindling 
interval. The estimated heterosis has been very dependent on the lines involved in the cross, 
ranging from negligible non significant values  to relatively important and significant figures. 
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