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Abstract: At the primary breeder level, female line turkeys 
are intensely selected for reproductive traits, consequently, 
these traits should be monitored to ensure that changes in 
genetic variances are identified. The purpose of this study 
was to examine the effect of ten years of selection on 
genetic and phenotypic variances, and heritability of egg 
production (EP), fertility (FERT), and hatch of fertile eggs 
(HOF). Evidence of a significant difference was found for 
genetic variances of HOF while no significant change was 
found for EP or FERT. Although there were no significant 
differences in phenotypic variances and little difference in 
genetic variances for all three traits, a large variation in 
genetic correlation estimates was observed. Overall, due to 
the variations observed, genetic parameters should be re-
estimated frequently. Modifications to selection indexes 
should be implemented in order to account for changes due 
to selection.  
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Introduction 
 

 Reproductive fitness traits are important to the 
turkey industry as they have a direct economic effect on the 
cost of producing a poult and ultimately profitability 
(Wood, (2009)). For this reason, it is important that the 
reproductive fitness traits of the female line be optimized. 
Genetic parameter estimates for egg production (EP), 
fertility (FERT), and hatch of fertile eggs (HOF) are 
important values to consider when creating and maintaining 
a selection index. Heritability estimates for these three traits 
range from 0.13 to 0.61 for EP, 0.18 to 0.42 for FERT, and 
0.12 to 0.17 for HOF in turkeys (Abplanalp and Kosin, 
(1953); McCartney et al., (1968); Nestor et al., 
(1972); Dunnington et al., (1990); Nestor et al., (1996)). As 
high selection pressures are applied to the reproductive 
traits, heritabilities and their corresponding genetic and 
phenotypic variances, may deviate from their initial 
estimates. These deviations may lead to unwanted decreases 
in genetic variance and this may be unfavorable as it limits 
the ability to make genetic gains.  
  
 It has been previously suggested that genetic 
correlations change throughout the course of a selection 
program (Nestor et al., (1996)). Genetic correlations 
indicate how the effect of selection on a trait may affect 
another. As turkeys have short generation intervals 
compared to other agricultural species, variance deviations 
can occur in a shorter period of time. Observations made 
across the turkey selection program could be used as a 
model for other agricultural animals with longer generation 
intervals. It may be, therefore, beneficial to the selection 

program to frequently observe the genetic parameters for 
potential deviations. The purpose of this study was to 
observe the effects of ten years of selection on EP, FERT, 
and HOF in a female line of turkeys.  

 
Materials and Methods 

 
Animals. The data was collected from a female line of 
Large White turkeys (n = 26,577). Although growth and 
body size are traits of interest within the turkey industry, 
selection emphasis, within the female line is placed more 
heavily on reproductive traits. Records used were between 
the years of 1999 and 2012 and full pedigree information 
was available for all individuals. Reproductive traits 
analyzed were EP, FERT, and HOF (Table 1). Egg 
production was recorded as a percentage of days where 
eggs were produced.  Fertility was measured as a proportion 
of eggs that were candled fertile and HOF was measured as 
a percentage of fertile eggs that produced a live poult.  
 
Table 1: Summary statistics of the ten years observed 
for egg production (EP), fertility (FERT), and hatch of 
fertile eggs (HOF) for a female line of turkeys.  

Traits Total 
number Mean Std. 

Dev. Min. Max. 

EP 8328 549 95 0 794 
FERT 9307 868 134 0 1000 
HOF 9233 921 91 0 1000 
 
Genetic analysis. ASReml 3.0 was used to calculate the 
genetic and phenotypic variances, as well as heritability and 
genetic correlations  (Gilmour et al., (2009)). The model 
used for all traits was: 
 

Trait = hatch + year + animal + e, 
 
 Where trait represents EP, FERT, and HOF. Since 
there are, on average, 24 hatch groups per year, Hatch is a 
fixed contemporary group effect which is included to 
account for environment and management variations 
throughout a year between birds from different hatch 
groups. Year is a fixed effect included to take year into 
account. Animal is the random additive genetic effect, and e 
represents the random residual effect. Data from 2003 to 
2012 for all three reproductive traits was extracted from the 
dataset available. In order to account for the variation that 
occurs throughout a single year, an average of that year and 
the three previous was calculated to create a four year-
period. Variance and heritability estimates were then 
calculated using a univariate model while the genetic 



correlations were calculated using a bivariate model for 
each year.  
 
Statistical analysis. All statistical procedures were done in 
the statistical program R (R Core Team (2013)).  Statistical 
analysis was performed on the genetic parameter estimates 
calculated for each of the ten years of interest (2003 to 
2012). Changes over time were tested at a significance level 
of 0.05. In order to observe any significant changes in the 
genetic and phenotypic variances and heritability estimates 
over the ten years, p-values were calculated from regression 
coefficients.    

 
Results and Discussion 

 
 The response to ten years of selection has resulted 
in no significant evidence of a change in genetic variances 
for EP and FERT. As for HOF, a significant difference was 
observed throughout the ten-year period (p ≤ 0.05). 
Although the difference was significant for HOF, this 
change may not be of concern as fluctuations of genetic 
variances are not uncommon as seen in Figure 1. Despite 
the lack of change in EP and FERT genetic variances, the 
heritability estimates of all three reproductive traits 
fluctuated over the ten-year period (Figure 2). Standard 
errors for the heritability estimates ranged from 0.04 to 0.06 
for EP, 0.03 to 0.05 for FERT and HOF. The heritability 
estimates were similar to those previously reported for all 
three traits, where EP is moderately heritable, and both 
FERT and HOF had low heritability estimates (McCartney 
et al., (1968); Nestor et al., (1972)). The minor fluctuations 
in heritability estimates may be caused by variations in 
management as phenotypic variances, presented in Figure 
3, showed no significant changes. As housing and 
management schemes improve over time, specific 
management guidelines are enforced in order to decrease 
environmental variation between flocks. The lack of change 
observed in most of the genetic variances is ideal in a 
turkey breeding program. Maintaining levels of genetic 
variation is important in a breeding program in order to 
continually make genetic gains. The variation in heritability 
estimates for all three reproductive traits presented in this 
study demonstrates the importance of regularly estimating 
genetic parameters. 
 

 
Figure 1: Genetic variance over a ten-year period for 
egg production (EP), fertility (FERT), and hatch of 
fertile eggs (HOF) for a female line of turkeys. 
 

 
Figure 2: Heritability over a ten-year period for egg 
production (EP), fertility (FERT), and hatch of fertile 
eggs (HOF) for a female line of turkeys. 
 

 
Figure 3: Phenotypic variance over a ten-year period for 
egg production (EP), fertility (FERT), and hatch of 
fertile eggs (HOF) for a female line of turkeys. 
 
 Genetic correlations between reproductive traits 
are shown in Figure 4. The genetic correlation values 
between EP and FERT, EP and HOF, and FERT and HOF 
that were estimated in this study, were all in a lower range 
than previously reported (Nestor et al., (1972)). Standard 
errors ranged from 0.12 to 0.17 for the genetic correlation 
between EP and FERT, 0.13 to 0.18 between EP and HOF, 
and 0.09 to 0.18 between FERT and HOF. The genetic 
correlation between FERT and HOF shows a linear 
decrease over the ten-year period. In addition, a large 
variation in the genetic correlation values between EP and  
 

 
Figure 4: The genetic correlation over a ten-year period 
between egg production (EP) and fertility (FERT), EP 
and hatch of fertile eggs (HOF), and FERT and HOF 
for a female line of turkeys. 
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FERT, and EP and HOF, were observed.  Due to the 
observed variation in genetic correlations presented in this 
paper, these values should be regularly estimated for 
potential deviations. Selection indexes should also be 
regularly updated in order to take these genetic correlation 
changes into account.  

           
Conclusion 

 
 Heritability estimates were within the same range 
as previously reported, however, fluctuations were observed 
over the ten-year selection period. Genetic and phenotypic 
variances did not significantly change over the ten-year 
period, with the exception of the genetic variance of HOF.  
It is therefore hypothesized that any fluctuations in 
heritability estimates was due to variation in management. 
In maintaining genetic variation over the ten-year period, 
the current selection program has avoided unwanted 
decrease in genetic variation. This allows further genetic 
gain which can have economic benefits. Genetic 
correlations should be regularly re-estimated throughout a 
selection program as they appear to constantly changing. 
These changes may be caused by intense selection pressures 
on specific traits. Modifications to the selection index, to 
account for these changes, would help better predict 
selection outcomes.  
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