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Introduction 
Turkey is largely used as a meat bird. In 2004, turkey represented 6.5% of the world poultry 
meat production (Windhorst, 2006). The world-wide turkey population has rapidly grown 
due to increased commercial farming. Global turkey stocks increased from 100 million in 
1970 to over 276 million in 2004. Over the same time period, the production volume 
increased from 1.2 to 5.1 million ton (Windhorst, 2006). Due to the high demand for turkey 
meat from consumers and industry, the breeding objective is to produce rapidly growing 
birds with a high market body weight and a desirable body conformation in order to 
maximize production efficiency and optimize production of preferred body cuts; e.g., breast 
muscle yield (Le Bihan-Duval et al., 2008). These objectives can be achieved by selectively 
breeding of birds for high body weights, with a heavy emphasis on breast muscle yield, and 
by considering the efficiency of production over the growth curve. Knowledge of the growth 
curve will be useful for defining ages and weights for the selection of birds as well as for the 
design of management procedures. 
Many scientists have estimated growth curves; an understanding of growth curves is 
important when considering the efficient production of animals. Growth curve parameters 
were estimated for turkeys by Sengul and Kuraz (2005) with four different non-linear models 
(Gompertz, Logistic, Morgan-Mercer-Flodin [MMF], and Richards). Mignon-Grasteau et al. 
(2000) estimated growth curve parameters with the Gompertz function in chickens. They 
also estimated heritabilities for these growth curve parameters and found high heritabilities. 
It was established that the slope of the growth curve varied among individuals; thus, growth 
might be enhanced by selecting breeder on the basis of growth curve parameters (Koivula et 
al., 2008). 

Material and methods 
Animals. The study population was based on two genetically different commercial turkey 
lines referred to as line A (selected for rapid growth) and line B (selected for high 
reproduction rate). Males from line A were crossed to females from line B to produce F1 
offspring. From the F1 generation, 25 males and 34 females were randomly selected and 
mated to produce 1,716 F2 offspring. F2 individuals had pedigree information for 9 
generations and phenotypes were recorded only on F2 individuals. 
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Traits. Growth traits were recorded for 1,716 (692 females and 1,024 males) individuals of 
the F2 generation. Body weights were recorded at 1, 17, 40, 60, 80, and 120 days (BW01, 
BW17, BW40, BW60, BW80, and BW120, respectively). 
Growth curve. Growth curve parameters were estimated with a logistic growth function 
(SSlogis) in R statistical software (Ihaka and Gentleman, 1996). Only individuals that had 
measurements for BW01 and BW120 and at least 2 additional BW measurements were 
included for the estimation of growth curve parameters; these included 867 out of the total 
1,716 birds. Population parameter values of the logistic growth curve were estimated for the 
male and female populations separately as well as for all the individuals (males and females 
together) in the population. Growth curves were plotted for every individual in a population 
using their parameter values. Separate logistic growth curves were also plotted for the male 
and female populations and for all the individuals together using average parameter values 
given in Table 1. For the calculation of the parameters of logistic growth curve, the following 
equation was fit to the data:  
  
 
 
 
where W(t) is weight at time t (days), Aswt is the asymptotic weight (Kg), tmid is the inflection 
point at which  50% of the asymptotic weight is achieved (days), and scale is a constant that 
is proportional to the overall growth rate (Ricklefs, 1968; Zach and Mayoh 1982). 
Genetic analyses. Fixed effects of sex and hatch date were tested for significance on each 
trait with PROC GLM (SAS institute, 2000). The effects that were found to be significant (P 
< 0.05) were included in the model for the estimation of genetic parameters. Heritabilities for 
all the traits under study were estimated with an animal model in ASREML statistical 
software (Gilmour et al., 2006) using univariate analyses. Bivariate analyses for all the 
combinations of traits were applied to estimate genetic and phenotypic correlations. 
A likelihood ratio test was used to check the significance of the full model (with a random 
common environment of dam) compared to the reduced model (without a random common 
environment of dam) based on the following equation:  
 
                                                                                                                                                                                                               
 
 
Where Yijkl  is the performance of individual k, µ is overall mean, Si is the fixed effect of sex 
i, Hj is the fixed effect of the week of hatch j (j= 1, 2...14), Ak is the random direct genetic 
effect of individual k with ),0(~ 2

aANa σ , Cl is the random common environment effect of 

the l-th dam with ),0(~ 2
cINc σ , and Eijkl  is the random residual effect. 

Results and discussion 
Growth curve. The average parameter values derived from the logistic growth curve are 
given in Table 1. The logistic growth curves were plotted using the parameter values 
estimated from the actual measurements of body weight throughout the growth period; for 
example, BW01, BW17, BW40, BW60, BW80, and BW120  (Figure1). The male and 
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female populations showed a difference in growth rate that was apparent in the estimates of 
the parameters. Two sets of curves for males and females can be discerned in Figure1B. 
Heritability estimates. Heritability estimates for the growth curve parameters were found in 
the range of low to highly heritable (Table 2). Sengul and Kiraz (2005) concluded that 
Gompertz, Logistic, and Richards models all performed well in describing growth in turkeys. 
Here, logistic growth model was utilized for the analyses of growth. The Aswt (upper 
asymptote) had high heritability estimate (0.30), consistent with the that found by Mignon-
Grasteau et al. (2000) with the Gompertz model in chickens. Low heritability estimates were 
found for tmid and scale (0.05 and 0.11, respectively), similar to the results reported by 
Grossman and Bohren (1985) in chickens. The difference observed in the growth curve 
parameters between males and females was similar to that observed by Sengul and Kuraz 
(2005) in white turkeys. 
Genetic and phenotypic correlations. The tmid and scale showed negative genetic and 
positive phenotypic correlations with Aswt (Table 2). A strong positive genetic and 
phenotypic correlation was found between tmid and scale; this could be explained by the 
logistic growth curve equation. A negative correlation was also observed between Aswt and 
the maturation rate by Mignon-Grasteau et al. (2000) with the Gompertz model in their work 
on chickens. 
 
Table 1: Estimates of logistic growth curve parameters for males, females, and the 
whole population (males and females) 
 

 Aswt(Kg) tmid(day) scale(day) 
Population 12.31 83.38 20.96 
Male 14.44 84.87 21.39 
Female 7.88 78.28 19.22 

 
Table 2. Estimates of genetic parameters for growth curve parameters in turkey α 
 

Trait Aswt(Kg) tmid(day) scale(day) 
Aswt(Kg) 0.30(0.10) -0.27(0.39) -0.30(0.31) 
tmid(day) 0.43(0.03) 0.05(0.04) 0.64(0.26) 
scale(day) 0.34(0.04) 0.80(0.01) 0.11(0.06) 

α 
Heritabilities on the diagonal, genetic correlations (above the diagonal), 

phenotypic correlations (below the diagonal) and standard errors (in 
parenthesis). 



 
 
Figure 1: Logistic growth curves depicting the change in weight of the turkey 
population. A) Growth curves representing average growth rates in males (solid line), 
females (dotted line), and the whole population (dashed line); B = Growth curves of all 
the individuals in the population. 

Conclusion 
The results of this analysis (Table 2) from the studied population of turkey birds suggest that 
the turkey birds can be selected for breeding using growth parameters that can improve 
growth trajectory in turkeys while growth curve (Figure 1) suggests that the growth rate is 
high in 60-80 days of age. So, the turkey birds could be selected for breeding between 60 and 
80 days of age in order to improve overall production and continuous selection of birds 
within this age range could promote high growth rates. 
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