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ABSTRACT 
 

In a selection experiment for daily gain, direct and correlated responses were estimated, 
using a cryopreserved population as control. The difference between the selected and 
control group was 15 generations. The direct response for daily gain was 0.18 g./d. per 
generation and we did not find correlated response for feed conversion. These results are 
worse than expected. This could be due to the effect of the special diet used to control the 
enterocolitis disease. 
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INTRODUCTION 
 
The objective of selection of paternal lines in rabbits is the conversion index, that is 
indirectly evaluated through daily gain (ROCHAMBEAU et al., 1989) or weight at the end of the 
fattening period (LUKEFAHR et al., 1996; LARZUL et al., 2003), which are negatively 
correlated with the first one and are easily recorded (MOURA et al., 1997; PILES et al., 2004). 
 
In order to estimate the response to selection several methodologies have been proposed. 
One of them is based on estimates of the mean of the breeding values along generations. 
However, this approach depends on the genetic parameters of the model and the model 
itself. (ESTANY et al., 1992; PILES and BLASCO, 2003). Other methodology, which does not 
depend on the genetic parameters and the model, uses control populations which could be 
an unselect population (ROCHAMBEAU et al., 1989; LUKEFARH et al., 1996), a population 
selected divergently (MOURA et al., 1997; LARZUL et al., 2003) or a cryopreserved population 
(PILES and BLASCO, 2003). The cryopreserved populations are free of the genetic drift. 
 
The objective of this paper is to estimate the direct and correlated responses on growth 
related traits between two separated generations (15 generations apart) of a line of rabbits 
selected for daily gain, using frozen embryos. 
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MATERIAL AND METHODS 

 
Animals 
 
The rabbits belonged to line R, a synthetic strain selected individually during 23 generations 
for daily gain, between weaning (28 days) and slaughter (63 days). Males were selected 
within sire families in order to reduce inbreeding. Another practice to reduce inbreeding was 
the avoidance of mating between animals having common grandparents. 
 
The experiment was carried out since February 2002 until May 2003, in the experimental 
farm of the Polytechnic University of Valencia (Spain). Embryos from the 7th generation 
were frozen and thawed to have offspring contemporary to rabbits of the 22 generation. The 
cryopreservation methodology was the one used by VICENTE et al. (2003). The offspring of 
rabbits from cryopreserved embryos was the control group (C) and the animals of the 22nd 
generation were the selected group (S). The control group (482 animals) was the offspring 
of 17 males and 42 females, and the selected group (454 animals) was the offspring of 47 
males and 81 females. After weaning the animals were housed in collective cages, 9 
rabbits per cage; and they were fed ad libitum on a commercial diet till 63 days old. 
 
Traits and models 
 
All the traits were analysed using an animal model, with permanent effects of the dam as an 
environmental effect. The used variance components were taken from literature (García et 
al., 2000). The fixed effects included in all the models were genetic group (GG; selected (S) 
or control (C)), kindling order (KO; from 1 to 6) and year season (YS; every 2 moths). Also, 
for different traits, different covariates were used. When weight at weaning (WW) was 
analysed, number born alive was included as covariate. For weight at 63 days (WS) and for 
daily gain between weaning and 63 d., the covariate was WW. 
 
Other traits were studied as mean of the cages. Consumptions from weaning to the end of 
every week of fattening (Ci, i=1,…,5) and daily gains at the end of every week of fattening 
(DGi, i=1,…,5) were analysed using WW as covariate. Feed conversions (FCi, i=1,…,5) 
were analysed with weight at the end of every week as covariate. In theses analyses only 
the cages with a minimun of 7 rabbits were included. To calculate the means by cage and 
week for theses traits the number of live animals and the date in which the animals died 
were taken into account. For Ci, it was supposed that the dead animals stopped eating 3 
days before their death. For DGi the weight of dead animals was added until the date of 
their death, and FCi was calculated as the ratio between Ci and DGi. 

 
 

RESULTS 
 
Weaning Weight 
 
The differences between selected and control group are shown in Table 1, and no 
differences were found between the selected and the control group. For this trait the 
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covariate number born alive was significant (p<0.05) and its value (standard error) was -
38.90 g./rabbit (2.21). The first kindling showed a negative significant effect (p<0.05) 
respect to the mean of the other levels (-86.69 g.), and between the other levels there were 
not significant differences.  
Several authors (ESTANY et al., 1992; ROCHAMBEAU et al., 1989; PILES et al., 2003) did not 
find correlated response when the animals were selected for daily gain. LUKEFAHR et al. 
(1996) also did not find significant differences between control and selected groups for 
weight at 70 days. However, LARZUL et al. (2003) in a divergent selection experiment for 
body weight found differences in weaning weight between high and low lines. In an 
experiment comparing lines selected for litter size or daily gain FEKY et al. (1996) found 
significant differences. 
 
Weight at 63 days 
 
For this trait, the difference between S and C groups was 94.57 g. (Table 1), which is 6.30 
g. per generation (p<0.05). The regression coefficient for the covariate WW was 1.392 g./g. 
(0.038), and was significant. No effect of the first kindling was observed, but the 6th kindling 
showed a lower significant effect than the 2nd, 3rd or 4th. 
Correlated responses have also reported for other authors when selection for daily gain 
was carried out (ESTANY et al., 1992; ROCHAMBEAU et al., 1989; PILES and BLASCO, 2003). 
There also was response when the selection criterion was the weight at the end of the 
fattening period (LUKEFARH et al., 1996; LARZUL et al., 2003). 
 
Individual daily gain between weaning and 63 days 
 
The difference between S and C groups was 2.732 g./d. (p<0.05) (Table 1). This difference 
supposes a genetic response of 0.18 g./d. per generation. For this trait, the same effect 
than for Weight at 63 days was observed at the 6th kindling and the covariate WW also had 
a significant effect. 
In experiments of selection for daily gain, direct response was always found for this trait 
(PILES and BLASCO, 2003; MOURA et al., 1997; ROCHAMBEAU et al., 1989; ESTANY et al., 
1992). Indirect response was also found when the criterion was either feed conversion 
(MOURA et al., 1997) or weight at market time (LARZUL et al. 2003; LUKEFAHR et al., 1996). 
 
Table 1- Effects of groups (S,C) and coefficients of the covariates for Weight at 
Weaning (WW (g.)), Weight at 63 days (W63 (g.)) and Individual Daily Gain (IDG 
(g./d.)). 
 

 WW (g.) W63 (g.) IDG (g./d) 
S 686.1 (11.2) 2397 (14) 49.2 (0.4) 
C 677.2 (14.4) 2302 (19) 46.5 (0.5) 

S-C 8.735 94.57** 2.732** 
Cov  -38.90 (2.21)** 1.392 (0.038)** 0.011 (0.001)** 

**, (p<0.05) 
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Daily Consumption along the fattening 
 
The generalized least square means for S and C groups and their standard error are 
showed in Table 2 from weaning to the end of every week. In this table, the value of the 
covariate WW is also showed. 
 
Table 2- GLSM for S and C groups (S.E) for Consumption. 

 
 C1  C2  C3  C4  C5  

S (g./d.) 73.8 (2.7) 89.4 (2.7) 103.3 (2.1) 116.6 (1.9) 126.5 (1.8) 
C (g./d.) 71.8 (3.3) 82.5 (2.7) 97.0 (2.6) 110.4 (2.3) 120.2 (2.2) 

S-C (g./d.) 1.99 6.95 6.34 6.18** 6.31** 
Cov. (g./d.)/g. 0.032 (0.011)** 0.049 (0.009)** 0.039 (0.009)** 0.033 (0.008)** 0.024 (0.007)**

 **, (p<0.05) 
Significant differences were only observed in consumption for the 4th and the 5th week of 
the fattening period. 
 
This trait was previously studied by FEKI et al. (1996) showing significant differences 
between genetic lines selected for different criteria, independently of the recording method 
(individual or collective). 
Daily Gain along the fattening 
 
Results for this trait (DGi, i=1,…,5) are in agreement with the previous obtained in the 
individual analysis but here the differences are higher, and are found significant only at the 
last week of the fattening period. 
 
Feed Conversion along the fattening 
 
The generalized least square means for S and C group and their standard errors for every 
week are shown in table 3; the effect of the covariate Weight at the end of every week is 
also showed. 

 
Table 3.- GLSM for S and C groups (S.E) for Feed conversion. 

 
 FC1  FC2  FC3  FC4  FC5  

S  1.85 (0.092) 1.96 (0.051) 2.12 (0.042) 2.40 (0.047) 2.57 (0.036) 
C  1.80 (0.114) 1.90 (0.063) 2.08 (0.052) 2.36 (0.058) 2.62 (0.044) 

S-C  0.05 0.06 0.04 0.04 -0.05 
Cov.  -0.4x10-3 

(0.3x100-3) 
-0.3x10-3 

(0.1x10-3)** 
-0.3x10-3 

(0.1x10-3)** 
-0.1x10-3 
(0.1x10-3) 

0.1x10-3 
(0.1x10-3) 

 **, (p<0.05) 
 
No significant differences between S and C groups were found. Besides the negative 
genetic correlation between this and daily gain reported in previous studies (MOURA et al., 
1997; PILES et al., 2004) we did not find correlated response. The covariate was negative 
for the 4 first weeks and positive but very low for the 5th.  
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For this trait direct response was found by MOURA et al. (1997), this authors also found 
higher correlated response when the selection criterion was daily gain. FEKI et al. (1996) 
also found significant differences between selected lines for different objectives. 

 
 

DISCUSSION 
 

The results in this experiment are poorer than expected from indirect evidences involving 
the same line (TORRES et al., 1992; FEKI et al., 1996) that suggested a response per 
generation of 0.5 g./d. for daily gain, and from direct estimate (PILES and BLASCO, 2003) of 
the response between the generation 3-4 and the generation 10, being this estimate 0.6 
g./d. per generation. In our case the comparison is between the generation 7 and 22, 
overlapping with the second half of the generations of the experiment of PILES and BLASCO 
(2003). The principal difference is that the first experiment was carried out when the 
enterocilitis was not yet present but the second was carried out after the appearance of the 
disease. The consequence of its appearance was that the commercial feed had some 
antibiotics incorporated to prevent severe outbreaks of the disease. It seems that these 
drugs can affect negatively the growth, with different intensity depending on the level of 
consumption. Under this hypothesis the animals of the more advanced generation, having a 
higher consumption, would be more affected and their growth and feed conversion 
correspondingly impaired. An indicator that the growth has been no normal is the value of 
the regression coefficient of the weight at the end of fattening on the conversion index. 
Negative or very low positive values indicate that some abnormalities have occurred 
because the expectation is a relatively moderate and positive value of the coefficient 
(TORRES et al., 1992; FEKI et al., 1996), indicating that the rabbits with lower final weights 
have a lower conversion index. 
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