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Introduction 
Among the reproductive traits, the number of first quality chicks is the most economically 
important trait in broiler meat type poultry, especially in female lines. This trait is directly 
related to the number of egg set and eggs fertile performances. Long-term selection for fast 
growth rate in these lines has resulted in negative side effects on performance. Therefore, 
breeding companies have attempted to expend some selection effort to improve growth 
related traits with the aim of maintaining or improving reproduction traits in the female line 
(Hocking and Mccorquodale, 2008). It is possible to achieve such aims if the genetic and 
phenotypic variances for each trait and the genetic covariances among all traits are known.  
 
While several studies have reported the genetic parameters for reproductive traits in laying 
hens (Anang et al., 2000; Nurgiartiningsih, et al., 2004), literature estimates of these 
parameters, especially the effect of service sire, are limited to broiler male lines (Sapp et al.,  
2004) or ostriches (Cloete et al., 2004). Therefore, the objective of the present investigation 
is to study the effect of direct additive genetic and service sire environmental effects on some 
reproductive traits in a commercial broiler dam line. 

Material and methods 
Data. Data on reproductive traits of 16599 full-pedigreed hens born from 2511 sires and 
9647 dams, collected during 9 generations on a commercial broiler dam line, were used to 
estimate genetic parameters. The traits, which were measured individually for each hen, were 
egg weight (EW), age at sexual maturity (ASM), the number of eggs set (ES), the number of 
eggs fertile (EF) and the number of chicks born per hen (CN). Egg weight was calculated by 
averaging the individual egg weights collected during weeks 31 and 33 from each hen. For 
egg production, the performances from 28 to 39 weeks of age were used in the analysis. The 
structure of the pedigree data is shown in Table 1. 
 
Statistical analysis. Estimates of variance and covariance components, their corresponding 
heritabilities and genetic and phenotypic correlations, were obtained with a multitrait animal 
model, using a restricted maximum likelihood procedure. The model was as follows: 
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where, ijklmy is the record of a hen for trait i, iμ is the overall mean for each trait, ijG is the 

effect of generation j on traits i, ikH is the effect of hatch k on trait i, and ila , ims and 

ijklme are random direct additive genetic effect of hen l, service sire effect of rooster m and 

residual effect for trait i, respectively. Random additive genetic, service sire and residual 
effects were assumed to be distributed with zero means and (co)variances G*A, S*I and 
R*I, respectively, where G, S and R are the matrices of genetic, service sire and residual 
(co)variances among traits, A is the relationship matrix among hens, I is the identity matrix, 
and the asterisk is the direct product of two matrices. The analysis was carried out using the 
DMU-package (Madsen and Jensen, 2007). 

Table 1: Data structure of reproductive traits 

 EW ASM ES EF CN 
No. of records  16599 15718 15921 15921 15921 
No. of animals 32430 32430 32430 32430 32430 
No. of sires 2511 2511 2511 2511 2511 
No. of dams 9647 9647 9647 9647 9647 
No. of service sires 1594 1594 1594 1594 1594 

Results and discussion 
Estimates of variance components, heritabilities and the effect of service sire as a proportion 
of phenotypic variance for all reproductive traits are presented in Table 2. Egg weight had 
the highest heritability (66.9%) among the five reproductive traits. The effect of service sire 
for this performance was close to zero, indicating that the rooster has no influence on the 
weight of eggs laid by the hen. While the heritability of EW is similar to most estimates 
reported in the literatures, the proportion of service sire variance to the phenotypic variance 
in the current study was lower than the corresponding estimate of 0.08 reported by Cloete et 
al. (2004) in ostriches. A moderate estimate of heritability (37.7%) was observed for ASM. 
For this characteristic, service sire effect accounted for 6.4% of phenotypic variation, 
indicating the impact of rooster on sexual maturation of the hen. This finding can be 
confirmed by the results of Widowski et al. (1998), who reported that females reared 
adjacent to a mixed-sex group were very similar in measures of sexual maturation to hens in 
the mixed groups. The heritabilities were lower for ES (0.126), EF (0.102) and CN (0.149) 
compared with EW and ASM. Similar results for heritabilities have been reported by Sapp et 
al. (2005) in a commercial sire line for weekly egg sets (0.108) and Bennewitz et al. (2007) 
in pure line of White Leghorn laying hens for the liability to first-quality chicks of fertile 
eggs set (0.136). The corresponding estimates of variance ratios for service sire effect were 
5.8%, 16.8% and 17.5%, respectively, for ES, EF and CN, indicating that roosters have 
relatively higher influence on EF and CN than the direct additive genetic effects of the hen. 
However, further studies should be carried out for the effect of service sire on genetic 
evaluations in breeding programs. The results of the present study were not in agreement 
with the estimates of < 2.5% for service sire effect in eggs set, percentage fertility and 
percentage hatched of fertile eggs, reported by Sapp et al. (2005). 



Table 2: Variance components and genetic parametersΨ 

Traits 2
Aσ  2

Sσ  2
Eσ  2

Pσ  .E.Sh2 ±  .E.Ss2 ±  
EW 12.544 0.161 6.056 18.761 0.669 ± 0.017 0.009 ± 0.003 
ASM 42.652 7.275 63.330 113.257 0.377 ± 0.012 0.064 ± 0.005 
ES 35.183 16.061 227.810 279.054 0.126 ± 0.014 0.058 ± 0.005 
EF 33.888 65.545 232.160 331.593 0.102 ± 0.012 0.168 ± 0.008 
CN 44.558 52.305 202.210 299.073 0.149 ± 0.014 0.175 ± 0.008 

Ψ 2
Aσ = additive genetic variance; 2

Sσ = service sire variance; 2
Eσ = residual variance; 2

Pσ = phenotypic variance; 

2h = heritability; 2s = the proportion of service sire variance to phenotypic variance; S.E. = standard error.   

Estimated additive genetic, service sire, residual and phenotypic correlations are presented in 
Table 3. EW and ASM had a low and positive genetic correlation (0.243). These values on 
correlations were negative and generally low to moderate between EW with ES (-0.265), EF 
(-0.398) and CN (-0.512) and negative and moderately high between ASM with ES (-0.593), 
EF (-0.506) and CN (-0.449). The genetic correlations between EW and ES were comparable 
with the findings of Francesch et al. (1997) and Nurgiartiningsih et al. (2004). Also, 
Nordskog and Hassan (1971) reported, on average, 10.7% reduction in hatchability by 
increasing a 10 gr in egg size above the optimum in Leghorn lines and their crosses. The 
corresponding estimates of genetic correlations among ES, EF and CN were positive and 
high, ranging from 0.763 (between ES and CN) to 0.939 (between EF and CN), indicating 
that the number of eggs set could be used to select for eggs fertile and chick numbers. A 
similar pattern was observed for service sire and phenotypic correlations, however, their 
values were generally lower than the corresponding genetic correlations. Sapp et al. (2005) 
found relatively similar results for genetic correlations, but higher estimates for service sire 
correlations. 

Table 3: Genetic, environmental and phenotypic correlationsΨ 

Trait1 Trait2 Ar ± S.E. Sr ± S.E. Er ± S.E. pr  

EW ASM  0.243 ± 0.033  0.418 ± 0.119  0.118 ± 0.024  0.182 
 ES -0.265 ± 0.051 -0.119 ± 0.127 -0.052 ± 0.020 -0.105 
 EF -0.398 ± 0.051 -0.086 ± 0.092 -0.015 ± 0.020 -0.112 
 CN -0.512 ± 0.042 -0.104 ± 0.063 -0.042 ± 0.020 -0.182 
ASM ES -0.593 ± 0.046 -0.251 ± 0.057 -0.309 ± 0.013 -0.355 
 EF -0.506 ± 0.052 -0.097 ± 0.044 -0.249 ± 0.014 -0.266 
 CN -0.449 ± 0.047 -0.094 ± 0.045 -0.242 ± 0.015 -0.268 
ES EF  0.875 ± 0.020  0.400 ± 0.038  0.842 ± 0.003  0.778 
 CN  0.763 ± 0.030  0.385 ± 0.040  0.812 ± 0.004  0.746 
EF CN  0.939 ± 0.008  0.990 ± 0.001  0.969 ± 0.001  0.966 

Ψ
Ar = additive genetic correlation;  Sr = service sire correlation; Er = residual correlation; Pr = phenotypic 

correlation; S.E. = standard error. 



Conclusion 
In the present study, genetic parameters for some reproductive traits were reported. Results 
indicated that heritability estimates of EW and ASM were moderate to high, whereas those 
estimates for ES, EF and CN were low. The service sire effect accounted for more variation 
on EF and CN than thr direct genetic effect. Estimates of the genetic and phenotypic 
correlations among reproductive traits varied substantially from moderately high negative to 
very high positive, indicating that a balanced design in selection is necessary to be applied 
for improvement of these traits. 
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