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INTRODUCTION 
Although selection strategies applied to laying hens are normally based on individual records, 
commercial hens are kept during the production cycle with two or more birds per cage. Fairfull 
et al. (1983) reported that birds housed three per cage had lower egg production, lower mature 
body weight and higher mortality than those housed one per cage. Most economic traits 
evaluated in egg stock breeding programs deteriorate with advancing age (Liljedahl et al., 
1984). The decline in egg production throughout the cycle might be faster when birds are kept 
three per cage than when they are housed one per cage. One of the mechanisms that counteract 
the decline of fitness traits with age is heterosis. Heterosis has been shown to increase in 
magnitude with age for fitness traits (Ledur et al., 2000a,b) when birds are kept one per cage. 
The magnitude of heterosis depends on the environment (Barlow, 1981). Differences in 
heterosis when birds were housed one or three per cage were reported by Fairfull et al. (1983). 
Studies on genetic effects of aging in poultry have been carried out only with layers housed 
one per cage. These studies have shown increased genetic and environmental variation in 
fitness traits with age (Liljedahl et al., 1984 ; Engstrom et al., 1992 ; Liljedahl et al., 1999 ; 
Fairfull et al., 1999 ; Ledur et al., 2000a,b). Since environment has an important effect on the 
expression of heterosis, and age related changes have not been reported with hens housed in 
multiple-hen cages, this paper shows the age-changes in heterosis for two measurements of egg 
production in a simulated commercial environment. 
 
MATERIAL AND METHODS 
Animals and housing. Three strains (1, 2 and 3) were used in a factorial design to produce 9 
different genetic groups: 3 pure strains and 3 pairs of reciprocal crosses. White Leghorn chicks 
were produced from pedigree matings using 16 sires and 4 dams per sire (64 dams) for each strain 
and cross. At about 133 days the hens were housed three full-sibs per cage in a two-tier, stair step 
cage system in a randomized block design. Each genetic group (strain or cross) was randomly 
assigned within each of the 16 cage rows representing complete blocks.  
 
Egg production.  Egg production was recorded for each cage from 138 to 576 d of age and was 
analyzed in two ways. The first was by egg number from age at sexual maturity (ASM; estimated 
as the age when a minimum of three eggs were produced in two consecutive days), keeping only 
cages with three birds alive until the end of the evaluated period. Cages with less than 20% of 
potential production were removed from the analyses, to account for morbidity. Number of eggs 
from the survivors was a measurement of egg production free from influence of ASM, variable 
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length of the records, mortality and morbidity (EPF). The second measure of egg production was 
egg number from ASM, but included all cages that had at least one egg. This number of eggs 
included the effects of mortality and morbidity on egg production (EPM). For both measures of 
egg production the first period was synchronized on ASM, so comparisons were based on the 
physiological age of the hens with the same length of records.  For the statistical analyses, the egg 
numbers of each cage were divided in 12 periods of 28 days each. From a total of 1,536 cages, 
1,092 were used to analyze EPF and 1535 for EPM. 
 
Statistical analyses.  Mean heterosis was estimated as the average of the means of all crosses 
minus the average of the means of the 3 pure strains, obtained with a model that included block 
and genetic group as fixed effects. The additive genetic effect (Aj), Z-chromosome effect (Zk) 
and heterosis (Hjk) were estimated using the following regression model : 
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where: 
 Yijkl = observation on the evaluated trait; 
 Bi = effect of the ith block; 
 l, m = expected proportion of genes from different genetic groups; 
 n = degree of heterozygosity ; 
  
The genetic effects were estimated by fitting constants using the general method of Robinson 
et al. (1981). A repeated measures analysis was used to compare genetic groups for their 
performance over time (age), as well as their response patterns over age. The mean value, the 
linear and the quadratic contrasts across age were calculated for each hen and analyzed by the 
previous model, with Yijkl  being the contrast of interest. 
 
RESULTS AND DISCUSSION 
The mean heterosis was highly significant across the cycle for both traits, and was also affected 
by the age of the hen. Mean heterosis increased curvilinearly with age in EPF (P<.01) and showed 
a curvilinear decrease (P<.06) with age in EPM (Fig. 1). Perhaps this decline was due to a 
negative heterosis for viability when hens were housed 3 per cage. Fairfull (1990) reported that 
heterosis for viability is variable, ranging from -9 to 24%. An increase in heterosis for rate of lay 
from the early to the late period in the first laying cycle was found by Fairfull et al. (1987), with 
birds housed 2 and 3 per cage, which was similar to the results obtained for EPF. For both EPF 
and EPM, the effects of ASM and the variable length records were removed, and comparison 
between the two curves shows the effects of mortality and morbidity. Results from Ledur et al. 
(2000a) revealed that mortality and morbidity had an important positive effect on the expression 
of heterosis for egg production at the end of the cycle when birds were housed one per cage. 
However, the decline in mean heterosis for EPM with 3 birds per cage suggests a negative effect 
of mortality and morbidity on heterosis later in the cycle. When this result is contrasted to the one 
obtained by Ledur et al. (2000a) for EPM, it indicates an important effect of the environment in 
the expression of mean heterosis with age. 
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Figure 2. Heterotic effects for egg number of survivors (a) and for egg number including 
mortality and morbidity (b) in each period of the first laying cycle of 3 strains and their 
two-way crosses housed 3 per cage 
 
CONCLUSION 
Heterosis normally increased in magnitude with advancing age. Mortality and morbidity 
seemed to have a negative effect on heterosis for egg production when hens were housed 3 per 
cage. Strains differ in their response to aging, and the increase of heterosis would be a successful 
strategy for genetic groups to maintain egg production in advancing ages. The divergence in the 
expression of heterosis among genetic groups increased with age. This information can be used to 
develop strategies to improve lifetime performance. 
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