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INTRODUCTION 
New selection traits are searched in chickens to improve the egg production. Egg production in 
laying hens is a process of pronounced cyclic nature and eggs are laid at intervals of around 24 
to 27 h or more. This process results in the formation of the clutches. To describe the cyclic 
laying process, some clutch traits are defined as clutch number, average clutch size and mean 
delay of pause day between clutchs. The clutch traits have been investigated by a few 
researches in different domestic avian species in recent years (Aggrey et al., 1993 , Luc et al., 
1996 ; Bednarczyk et al., 2000). 
Heritabilities of clutch traits and their genetic correlations with other traits should be estimated 
to consider the clutch traits as selection criteria for layers. Several researches have been 
practised to investigate the heritability of clutch traits (McClung et al., 1976 ; Luc et al., 1996 ; 
Bednarczyk et al., 2000). Heritability of different clutch traits varied from low to moderate 
levels. 
The objective of the study is to estimate the heritabilities for egg number until the 40th week of 
age, clutch number, average clutch size and mean delay of pause days between clutches, age at 
sexual maturity and body weight at sexual maturity age.  
 
MATERIAL AND METHOD 
Genetic Stock. In this study, egg production data of a commercial sire line at 6th generation 
were used. The data collection period was from the 22nd to 40th weeks of age known as early 
part of whole egg production record. Hens were artificially inseminated. In total 1980 animals 
were used from 43 sires and 8 dams per sire. Daily egg production has been recorded 
individually. For each individual, egg numbers to 40 weeks of age (EN), clutch number (CN), 
average clutch size (CS) and mean delay of pause days between clutches (DELAY) were 
calculated. Clutch size consists of number of days with consecutively laid eggs. At least one-
day-break of oviposition was taken as the end of a clutch. Age at sexual maturity (ASM) and 
body weight at sexual maturity age (BWSM) were individually obtained. 
 
Statistical Analyses. The model used is : 

jkijkjijkli exdsfY +++++= βµ )(         (1) 

where Yijkl is any trait considered in this study, µ is the overall mean, fi is the fixed effect of the 
ith tier, sj and dk(j) are random effects of the sire and dam within sires, β is the regression 
coefficient, x is age at sexual maturity as a covariate, and eijk is the residual effect. Sexual 
maturity is also analysed with this model excluding sexual maturity from the model as an effect 
but considering as dependent variable. Variance components for the traits were estimated by 
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Restricted Maximum Likelihood (REML). Using the variance components from the methods, 
heritabilities were calculated as follows : 
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s, h2

d and h2
s+d are heritabilities based on sire ( ), dam ( ) and sire+dam 

components of variance, respectively;  is error variance component for each trait. Genetic 
and phenotypic correlations among traits from full sib structure were also estimated by using 
Harvey’s LSMLMW (Harvey, 1990). All other statistical analyses were performed by SAS 
(SAS, 1996). 
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RESULTS AND DISCUSSION 
Descriptive statistics of the traits determined on 1980 individuals were given in Table 1. Birds 
reached their sexual maturity at 148.07 days and their mean body weight at sexual maturity 
was 1629 g. Hens laid 104.53 eggs on average over the laying period until the 40th week of age. 
The laying period consisted of an average number of 15 clutches with length of clutches of 
7.41 days and delays of 1.13 days. 
 
Table 1. Descriptive statistics of the traits considered 
 

Traits Mean Standard Deviation Median 
Average number of clutches (CN) 15.32 5.42 15 
Average clutch size, days (CS) 7.41 7.50 5 
Average delay of pause, days (DELAY) 1.13 0.21 1 
Egg production, number (EN) 104.53 14.72 107 
Age at sexual maturity, days (ASM) 148.07 12.71 148 
Body weight at sexual maturity, g (BWSM) 1629 185 1620 

 
Average clutch size (7.41) slightly greater than the estimates (5.30 and 6.21) by Luc et al. 
(1996) but less than the estimates (11.7 and 16.5) by Bednarczyk et al. (2000). The number of 
clutches (15.32) was also higher than the estimates (11.0 and 9.5) for 38th weeks of age from 
two successive generations (Bednarczyk et al., 2000). Although the laying period in this study 
is two weeks longer than the study of Bednarczyk et al. (2000), the number of clutches 
obtained is still higher in this study.  
Sire, dam and error variance components for the traits considered were estimated and results 
are given in Table 2.  
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Table 2. Estimates of sire, dam, error variance components and heritabilities of the traits 
 

    Variances    Heritability   
Traits Sire Dam Error Total h2

S h2
D h2

S+D 
CN, Number of clutches  2.91 2.34 23.37 28.62 0.407 0.327 0.367 
CS, Length of clutches 2.47 2.18 38.1 42.75 0.231 0.204 0.218 
DELAY, Length of delay 0.0004 0.0013 0.0432 0.0449 0.036 0.116 0.076 
EN, Egg number 11.73 17.98 120.84 150.55 0.312 0.478 0.395 
ASM, Age at sexual maturity 9.67 8.1 103.04 120.81 0.320 0.268 0.294 
BWSM, Body weight at ASM 1750 2572 15467 19789 0.354 0.520 0.437 

 
Heritability estimates for average number of clutches were 0.40, 0.33 and 0.37 based on sire, 
dam and sire+dam components of variance. These estimates for CN were higher than the 
estimates for CN until 38 or 64 weeks of age reported by Bednarczyk et al. (2000). However 
Luc et al. (1996) found that the heritability for the same trait in two populations divergently 
selected for high and low yolk to albumen ratio was higher than the estimates in this study 
based on both sire and dam variance components.  
Heritability estimates for average clutch size were 0.23, 0.20 and 0.22 based on sire, dam and 
sire+dam components of variance. These estimates for average length of clutches were 
between the low estimates reported by Bednarczyk et al. (2000) and the high estimates by Luc 
et al. (1996). Heritability estimates for oviposition interval within clutch were reported to be 
medium (McClung et al., 1976; Lillpers and Wilhelmson, 1993).  
Heritability estimates for average delay of pause were low with 0.04, 0.12 and 0.08 based on 
sire, dam and sire+dam components. Similar heritability estimates were reported for DELAY 
by Luc et al. (1996) for the population selected for high yolk to albumen ratio. 
The levels of heritabilities for clutch traits were low to moderate and show that they are 
heritable to some extent. However there is not enough literature available on estimates of 
variance components and heritabilities for clutch traits. In particular, heritabilities of CN and 
CL were close to the level of heritability of EN that is the main selection criterion for the 
population. 
Heritability estimates for egg production, age at sexual maturity and body weight at sexual 
maturity were 0.39, 0.29 and 0.44 for based on sire+dam components, respectively. 
Heritabilities for egg production and body weight at sexual maturity agreed closely with other 
reported values. Heritability of ASM (0.29) is the same as the estimate in the first generation 
and lower that the estimate in the second generation of selection (0.62) over generations 
reported by Bednarczyk et al. (2000). Bednarczyk et al. (2000) interpreted that the differences 
in level of heritability between two generations may due to some non-additive and maternal 
effects.  
Some differences were obtained on heritability estimates based on sire, dam or sire+dam 
components. Comparing these estimates the highest heritability was estimated from sire 
variance component for CN, CS, and AGE while it was estimated from dam variance 
component for DELAY, EN, and BWSM. Bednarczyk et al. (2000) reported that heritability 
estimates for majority of the traits, particularly sexual maturity (0.52), egg number till 38th 
week of age (0.28), CN at 64th week of age (0.31) and CS (0.31) were higher from dam 
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variance component than those (0.34, 0.11, 0.21 and 0.17, respectively) from sire component. 
Higher heritability estimates from dam component as compared to estimates from sire 
component suggest that some maternal and non-additive effects are significant for the traits.  
Genetic and phenotypic correlation estimates are given in Table 3. Genetic correlations were 
greater then phenotypic ones. CS, EN and CN are highly correlated traits with each other. CS 
has genetic correlations of -0.98, 0.82 and 0.58 with CN, EN and DELAY, respectively. CN is 
negatively correlated with other traits considered. High heritability of CN and CS indicate that 
these traits may be used in the selection index of laying hens because those traits are also 
highly correlated with EN. 
 
Table 3. Estimates of genetic correlations from sire+dam components (below diagonal) 
and phenotypic correlations (above diagonal) among traits studied using Harvey’s LSML 
 

 CN CS DELAY EN ASM BWSM 
CN  -.787 -.079 -.579 -.061 .034 
CS -.981±.124  .083 .574 -.024 -.050 
DELAY -.555±.208 .580±.203  -.182 .037 .030 
EN -.794±.098 .820±.050 .308±.204  -.437 .014 
ASM -.249±.111 .137±.121 -.015±.191 -.293±.121  -.597 
BWSM -.058±.107 .036±.115 .118±.187 -.034±.106 .424±.125  
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