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ABSTRACT
Twenty-five genetic groups were produced following a diallel-crossbreeding
scheme among five lines: three dam and two sire lines belonging to two
Spanish Research Institutions (UPV and IRTA). A total of 2773 young rabbits
from 525 kindlings were controlled in different seasons. Growth traits were
evaluated during the fattening period lasting from five to nine weeks. On
average, genetic groups coming from lines selected for growth rate were
heavier (+57 g at weaning and 311 g at 60 days), had a faster growth rate (+9
g/d) and a realised higher daily feed intake (+12.9 g/d), improving feed
conversion ratio (-0.21), than the groups originated from crosses among lines
selected for litter size. Crossbreeding parameters were estimated using the
Dickerson model. Maternal genetic and heterosis effects were close to 0 or very
low. Direct genetic effects mainly regulated expression of these traits.
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INTRODUCTION
The intensive production of meat rabbits is based on a three way-crossbreeding
scheme. A first cross involves two different dam lines selected for litter size in
order to obtain a crossbred doe taking profit of heterosis in reproductive traits
(BRUN and ROUVIER, 1984; BASELGA et al., 2003). The crossbreeding scheme
should be completed using as sire a male coming from paternal lines, selected
for growth traits (ROCHAMBEAU et al., 1996; LOBERA et al., 2000). This second
cross improves the performance of young rabbits during the fattening period.
Sire and dam lines are being selected in two public Spanish organizations
executing rabbit breeding programs: UPV and IRTA (GÓMEZ et al., 1999). Some
of these lines (three dam and two sire lines) participated in an experiment
whose main objective was to optimize the composition and direction of the two
crosses in the aforementioned crossbreeding scheme (ORENGO, 2003). From an
economical point of view, post weaning average daily gain, feed intake and feed
conversion ratio are the most important growth traits in rabbit production
(ARMERO and BLASCO, 1992), but mainly the last one because post weaning
feeding accounts for around 40% of total cost (BASELGA and BLASCO, 1989). In
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order to improve the knowledge about the genetic determination of growth traits,
crossbreeding parameters were estimated and the results are presented in this
work.
MATERIAL AND METHODS
Animals, Facilities and Handling
The experiment concerned the offspring produced by reciprocally crossing five
lines (5x5). Twenty crossbred genetic types and five straight-bred groups were
involved. Three of these lines (A, V and P) are being selected for litter size
since 1980, 1982 and 1992 respectively. Line A is evaluated using an index
(BASELGA et al., 1984), while in the other two a repeatability animal model with
BLUP methodology is used (ESTANY et al., 1989; GÓMEZ et al., 1996). R and C
sire lines are selected for growth rate in the fattening period since 1980 (ESTANY
et al., 1992) and since 1992 (GÓMEZ et al., 2000) respectively.
This experiment was carried out at the experimental farm of the Rabbit
Breeding Station of IRTA in Caldes de Montbui (Barcelona, Spain). Initially,
animals were reared and bred under commercial farm environmental conditions
with a semi intensive reproductive rhythm and in fortnightly batches. First
mating of does was about 4.5 months old. Dams were remated 11 days after
kindling. Bucks were assigned at random, but avoiding repeated matings and
matings of animals with known common grandparents. A sample of 2773 kits
born in 525 kindlings was evaluated in different seasons. Young rabbits were
weaned and identified at 32 days of age. Each cage contained up to a
maximum of eight animals. A total of 360 cages were controlled until marketing
age (60 days).
Analyzed traits and Statistical analyses
Individual weights and collective feed consumption were weekly recorded. The
collective feed conversion was calculated as the ratio between collective feed
intake and collective weight gain. When a young rabbit died within three days
from the last control, the record of feed consumption of the cage was not
modified. Otherwise, feed intake data were corrected based on the initial live
weights and the lapsed days. The analysis concerned the following variables:
Individual traits (LW32: liveweight at 32 days (g), LW60: liveweight at 60 days
(g), IGR: individual growth rate between 32 and 60 days (g/d)) and collective
traits for the whole post-weaning period (CGR: growth rate (g/d), FI: feed intake
(g/d) and FCR: feed conversion ratio).
Traits were analyzed with univariate models, pointing out the significance of
genetic and non-genetic factors. Mixed models included the following fixed
effects: batch (31 levels), parity (3 levels: 1st, 2nd and 3rd or more), genetic type
(25 levels) and litter size (7 levels: <6, 6, 7, 8, 9, 10 and >10 kits born alive).
Environmental common litter effects and additive genetic values were
considered as random effects.
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Crossbreeding parameters (and standard errors) were estimated from contrasts
between GLM solutions of genetic type effects according to the Dickerson
model (DICKERSON, 1969), accounting for the variance-covariance matrix of the
estimates. Estimable functions were differences between direct genetics effects,
differences between maternal genetic effects and individual heterosis of each
combination of two lines.
RESULTS AND DISCUSSION
Descriptive statistics
Table 1 shows the number of records and some descriptive statistics for
individual and collective traits. The average growth was modest (around 40 g/d)
because this experiment was mainly developed in summery seasons.
Regarding genetic groups, the number of individuals in non crossbred groups
was higher than in crossbred ones and it should be highlighted the minor
contribution of A line, either as paternal or as maternal line.
Non-genetic factors
There was an important effect of the factor batch. The lowest values in
liveweights and feed intake were recorded in summery batches because hot
seasons had a depressor effect on liveweight at 60 days and growth rate due to
lower feed intake (CHIERICATO, 1992; RAMON et al., 1996). However, a seasonal
pattern was not so evident for feed efficiency. Parity effect was found to be
significant in all traits. Young rabbits from first parity attained the lowest figures
(weights, growth and intake), as other previous reports (GARCÍA, 2001; PRAYAGA
and EADY, 2003). For growth rate, these differences disappeared when weight
at weaning was included as covariate in the analysis model. The same was
noticed when liveweight at the end of the period was considered as covariate in
the analysis of feed intake (ORENGO, 2003). Also, litter size effects constituted a
significant source of variation of the studied traits. Excepting feed conversion
ratio, as litter size increased, performances got worse: lower weights and
growth rates. The results are according with scientific literature concerning litter
size effects on rabbit breeding (ESTANY et al., 1992; GARCÍA, 2001).
Genetic type effect
Young rabbits mothered by V does were the lightest at 32 and 60 days of age.
Average growth of the groups VV, AA and their crosses presented the worst
figures for weight at 60 days (1606-1638 g) and daily gain (34.8-35.2 g/d).
Lower feed intakes were found in genetic groups involving line A with values
less than 100 g/d. On other hand, the C genetic group and the crosses between
R and C were the heaviest (1976-2028 g at 60 days) and showed the highest
values on daily gain (44.9-46.8 g/d). Also, the last mentioned groups presented
a better feed conversion ratio (2.48-2.54) except the AC genetic group.
However, this one was estimated with larger error because of the reduced
sample size. Similar results have been reported in previous works (MAERTENS,
1992; TORRES et al., 1992; FEKI et al., 1996; RAMON et al.; 1996).
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Table 1. Number of records (n), crude mean (µ), standard deviation (σ) and
range for liveweight at 32 days (LW32), liveweight at 60 days (LW60),
growth rate (IGR and CGR), feed intake (FI) and feed conversion ratio
(FCR) during the fattening period.
Data

n
µ
σ
range

Individual
LW32
LW60
(g)
(g)

IGR
(g/d)

CGR
(g/d)

Collective
FI
(g/d)

FCR

2773

2703

2703

360

326

326

691

1810

40.0

40.3

105.8

2.62

153

327

7.9

6.8

20.5

0.22

262-1340

770-3005

14.7-67.9

24.2-59

61.5-157.7

2.24-3.78

Direct and maternal genetic effects
Table 2 shows estimates and standard errors of the differences between direct
genetics effects and maternal genetic effects of the lines with respect to the V
line. There were no significant differences for direct genetic effects in weight at
32 days. It’s noteworthy that V line presented an unfavourable maternal genetic
effect in comparison with the rest of lines, ranging from 59 to 81 g. This fact
could be partly related to the less adult weight of V line (BLASCO and GÓMEZ,
1993). In contrast, differences between direct genetic effects grew up
proportionally more than the differences between maternal effects for weight at
60 days. That is in agreement with the information reported by Brun and
Ouhayoun (1990).
Considering the sum of both genetic components (direct and maternal) for
growth rate (individual or collective), when the differences were significant, they
were favourable to sire lines compared to dam lines. Even if significant
differences were found for maternal effects, the differences between groups are
mainly based on direct genetic effects. So, if sire and dam lines were grouped,
the average differences between both were superior to 8 g/d in growth. In feed
intake as in feed efficiency there were no significant differences between
maternal genetic effects. The discrepancies were based on differences between
direct genetic effects. For feed conversion ratio, the average difference between
meat and reproductive groups were around -0.2. Therefore, the results showed
a negative relationship between growth rate and feed efficiency.
Individual heterosis
Table 3 shows estimates and standard errors of individual heterosis effects. It is
important to underline that, almost in all the cases, the effects of heterosis did
not statistically differ from zero. But, these values were mainly positive.
Significant heterosis effects were found in liveweight traits and growth rate,
mainly in AC, AV, CV and PV crosses. When these values were expressed in
percentage with respect to the average of the parental lines, they were lower
than 6%, as it has been reported in other crossbreeding experiments (BRUN and
OUHAYOUN, 1994; MEDELLIN and LUKEFAHR, 2001).
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Table 2. Differences between direct genetics effects (gi-gv) and between
maternal genetic effects (mi-mv) for liveweight at 32 days (LW32) and at 60
days (LW60), growth rate (IGR and CGR), feed intake (FI) and feed
conversion ratio (FCR).

gA-gV
gC-gV
gP-gV
gR-gV
mA-mV
mC-mV
mP-mV
mR-mV

LW32
(g)
-21 (36)
12 (38)
18 (35)
19 (36)
69 (24)
81 (22)
59 (20)
87 (23)

Individual
LW60
(g)
-80 (62)
159 (71)
25 (66)
294 (67)
110 (39)
155 (42)
112 (38)
126 (41)

IGR
(g/d)
-2 (1.3)
5 (1.5)
0.6 (1.4)
10 (1.4)
1.6 (0.84)
2.8 (0.90)
1.9 (0.81)
1.6 (0.88)

Collective
FI
(g/d)
-10 (4.2)
7 (4.0)
-0.6 (3.8)
13 (3.7)
4.3 (2.7)
1.9 (2.5)
1.5 (2.3)
0.8 (2.5)

CGR
(g/d)
-2 (2.4)
6 (2.3)
0.7 (2.1)
10 (2.0)
1.3 (1.06)
2.5 (0.91)
2.4 (0.79)
1.7 (0.90)

FCR
-0.16 (0.110)
-0.24 (0.106)
-0.06 (0.099)
-0.29 (0.101)
0.11 (0.072)
-0.01 (0.066)
-0.01 (0.061)
0.03 (0.065)

Estimated values in bold type differ from zero (P<0.05)
Table 3. Estimates of direct heterosis (hij) for liveweight at 32 days (LW32)
and at 60 days (LW60), growth rate (IGR and CGR), feed intake (FI) and
feed conversion ratio (FCR).

hAC
hAP
hAC
hAV
hCP
hCC
hCV
hPC
hPV
hCV

LW32
(g)
-5 (32)
50 (28)
79 (23)
31 (19)
20 (16)
-3 (19)
0 (17)
14 (18)
30 (14)
31 (18)

Individual
LW60
(g)
45 (56)
65 (49)
91 (41)
72 (35)
46 (28)
- 2 (32)
9 (29)
45 (31)
74 (24)
64 (30)

IGR
(g/d)
1.7 (1.20)
0.4 (1.07)
0.6 (0.89)
1.6 (0.76)
0.9 (0.61)
0.0 (0.70)
0.5 (0.64)
1.1 (0.68)
1.7 (0.52)
1.3 (0.66)

CGR
(g/d)
5.2 (4.07)
0.8 (2.99)
0.0 (0.97)
1.4 (0.61)
0.7 (0.45)
0.4 (0.57)
1.0 (0.49)
1.3 (0.57)
1.8 (0.34)
1.2 (0.50)

Collective
FI
(g/d)
3 (6.0)
-1 (4.7)
0 (2.7)
2 (2.3)
1 (1.7)
-1 (2.0)
0 (1.9)
2 (1.9)
1 (1.6)
5 (1.9)

FCR
-0.27 (0.158)
0.05 (0.123)
0.12 (0.069)
0.03 (0.060)
-0.02 (0.045)
-0.05 (0.053)
-0.08 (0.049)
-0.04 (0.051)
-0.07 (0.041)
0.10 (0.049)

Estimated values in bold type differ from zero (P<0.05)
CONCLUSIONS
Growth traits are less dependent on maternal effects than on direct genetic
effects. Significant differences in direct genetic effects have been found among
sire and dam lines, but not in maternal genetic effects except for live weights.
Complementarity and not heterosis is the way to take profit of diversity among
these lines when the aim is to improve the performance of young rabbits in the
fattening period.

118

REFERENCES
ARMERO, Q., BLASCO, A. 1992. Economic weights for rabbit selection indices. J.
Appl. Rabbit Res. 15:637-642.
BASELGA, M., BLASCO, A. 1989 Mejora genética del conejo de producción de
carne. Edition Mundi-Prensa. Madrid, España.
BASELGA, M., BLASCO, A., ESTANY, J. 1984. Índice de selección de caracteres
reproductivos con informacion variable. Proc. 3rd World Rabbit Cong. I: 6265.
BASELGA, M., GARCÍA, M.L., SÁNCHEZ, J.P., VICENTE, J.S., LAVARA, R. 2003.
Analysis of litter size traits in a three lines cross in rabbits. Anim. Res.
52:473-479.
BLASCO A., GOMEZ E.A., 1993. A note on growth curves of rabbit lines selected
on growth rate or litter size. Anim. Prod., 57: 332-334.
BRUN, J..M., ROUVIER, R. 1984. Effects génétiques sur les caractères des
portées issues de trois souches de lapins en croisement. Genet. Sel. Evol.
16(3):367-384.
BRUN, J.M., OUHAYOUN, J. 1990. Variabilité génetique et effet de la sélection
dans le croisement de trois souches de lapin. Proc. 5èmes. Journ. Rech.
Cunicole Fr. Comm. n.º42.
BRUN, J.M., OUHAYOUN, J. 1994. Qualités bouchères de lapereaux issus d’un
croisement diallèle de trois souches: interaction du type génétique et la
taille de portée d’origine. Ann. Zootech. 13: 173-183.
CHIERICATO, G.M., BAILONI, L., RIZZI, C. 1992. The effect of environmental
temperature on the performance of growing rabbits. J. Appl. Rabbit Res.
15:723-731.
DICKERSON, G. E. 1969. Experimental approaches in utilizing breed resources.
Anim. Breed. Abstr. 37:191-202.
ESTANY, J., BASELGA, M., BLASCO, A., CAMACHO, J. 1989. Mixed model
methodology for the estimation of genetic response to selection in litter
size of rabbits. Livest. Prod. Sci. 21:67-75.
ESTANY, J., CAMACHO, J., BASELGA, M., BLASCO, A. 1992. Selection response of
growth rate in rabbits for meat production. Genet. Sel. Evol. 24:527-537.
FEKI, S., BASELGA, M., BLAS, E., CERVERA, C., GÓMEZ, E.A. 1996. Comparison of
growth and feed efficiency among rabbit lines selected for different
objectives. Livest. Prod. Sci. 45:87-92.
GARCÍA, M.L. 2001. Evaluación de la respuesta a la selección en dos líneas
maternales de conejo. Thesis. Universidad Politécnica de Valencia.
España.
GÓMEZ, E.A., RAFEL, O., RAMON, J., BASELGA, M. 1996. A genetic study of a line
selected on litter size at weaning Proc. 6th World Rabbit Cong., II:289-292.
GÓMEZ, E.A., BASELGA, M., RAFEL, O., GARCÍA, M.L., RAMON, J. 1999. Selection,
diffusion and performances of six spanish lines of meat rabbit. Options
Méditerranéennes. 41:147-152.
GÓMEZ, E.A., RAFEL, O., RAMON, J. 2000. Preliminary genetic analyses of caldes
line: a selection experiment for a global objective. Proc. 7th World Rabbit
Cong. I:417-424.
LOBERA, J., RUIZ, F., FERRÁNDEZ, F., BASELGA, M., TORRES, C. 2000. Terminal sire
and production of meat rabbit. Proc. 7th World Rabbit Cong. I:449-455.

119

MAERTENS, L. 1992. Selection scheme, performance level and comparative test
of meat rabbits. J. Appl. Rabbit Res. 15:206-212.
MEDELLIN, M.F., LUKEFAHR, S.D. 2001. Breed and heterotic effects on
postweaning traits in Altex and New Zealand white straightbred and
crossbred rabbits. J. Anim. Sci. 79:1173-1178.
ORENGO, J., 2003. Optimización del cruzamiento a tres vías. Thesis.
Universidad Politécnica de Valencia. España.
PRAYAGA, K.C., EADY, S.J. 2003. Performance of purebred and crossbred
rabbits in Australia: individual growth and slaughter traits. Aust. J. Agric.
Res. 54:159-166.
RAMON, J., GÓMEZ, E.A., PERUCHO, O., RAFEL, O., BASELGA, M. 1996. Feed
efficiency and postweaning growth of several spanish selected lines. Proc.
6th World Rabbit Cong. II:351-353.
ROCHAMBEAU, H., OUHAYOUN, J., CAVAILLE, D., LACOSTE, J.L., LERICHE, J.L.,
PONCEAU, J., RETAILLEAU, B. 1996. Comparison of ten commercial strains
of terminal bucks: Growth and feed efficiency. Proc. 6th World Rabbit
Cong. III:241-245.
TORRES, C., BASELGA, M., GÓMEZ, E. 1992. Effect of weight daily gain selection
on gross feed efficiency in rabbits. J. Appl. Rabbit Res. 15:884-888.

120

